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PREFACE  TO  SECOND  EDITION 
'        nw  OrM  edition  of  thla  work  coatalned  the  equIVKleat  of  abotit 

Ut.iH  wordK  WbUe  tlila  edition  oontaliiB  more  tbon  a  million.  Its 
loor-tald  KTowUi  has  been  due  not  only  to  the  fllUnc  of  many  sapa 

Iku  formerly  exlited,  but  to  the  addition  of  certain  kinds  of  coat 
4Ua  that  interest  ensfneera  only.  In  writing  the  flrat  edition,  I  had 
(rtmarUr  in  mind  the  contractor,  whose  concern  ii  to  know  the 
neat  economical  method  of  construction  and  the  unit  coats  In 
mrr  detnlL  While  every  engineer  aliould.  and  many  do,  take 
M  keen  an  interest  as  the  contractor  In  Itemized  unit  oosta,  all 
oisloeers  are  called  upon,  at  one  time  or  another,  to  give  a^jproil- 
nBte  preUmlnary  eaUmates  of  coats,  and  these  muet  often  be  tur- 
Birtiad  before  the  structure  has  been  designed.  For  example,  a 
hydraulic  engineer  niay  be  asked  the  probable  coat  of  a  Alter  plant 
far  a  dty  conauinhig  a  Klven  amount  of  water.  He  should  be  able  to 
•tate  the  coat  of  Kind  Alter  bedk  per  acre,  covered  or  uncoverM, 
lad  the  aoDual  coat  ot  operation  per  million  gallona  filtered.  To 
ntoatrate  axain :  A  railway  engineer  flr>da  that  a  high  steel  viaduct 
Dtp  be  needed  to  cross  a  valley.  He  desires  a  rational  formula  by 
•lildi  the  approKlnmte  weight  of  steel  In  such  a  viaduct  can  ba 
coBpated,  ktiowliig  tbe  pmllle  area.  Or,  if  he  plans  a  high  timber 
trestle,  be  want*  a  method  of  approximating:  the  numbw  ot  feet 
board  measure  and  the  pounds  of  iron  It  will  require. 

la  brief,  the  eaiglneer  neadi  frequently  to  ascertain  the  MHmbar  of 
raits  Ib  a  atrocture  of  a  given  class  and  alie.  as  well  aa  the  tmtt 
MM*;  whereas  tbe  contractor  Is  ususUly  satisfied  with  dattt  giving 
tke  Itemfied  unit  coats  under  stated  condltlona  I  have  tried  to 
■upidr  both  wants  In  this  edition. 

During  the  laat  four  years  I  have  continued  accumulating  data  on 
meihods  and  costs,  a  large  part  of  which  have  been  publlahed  hi 
Suginemring-ContracttKg.  When  I  began  to  make  these  data  a  fea- 
<ors  of  Kaffneerfiitf-Contractfs^,  I  received  several  lettera  exi>r«a«- 
ing  the  hope  tbat  I  should  be  able  to  continue  the  work  of  publiah- 
big  tacb  cost  data,  but  at  the  same  time  voicing  a  fear  that  the 
CMd  material  would  soon  be  exhausted.  So  long  aa  men  remain 
possessed  of  Inventive  faculties  and  of  genius  for  organization,  we 
>Md  never  fear  that  new  and  valuaUe  coat  data  will  be  unobtain- 
able; Uanasonent  engineering  la  an  Infant  science,  and  we  shall 
sn  astonisblng  cbaiig*a  In  methods  ot  doing  work.  In  machines  used, 
and  cmsaquently  in  unit  coate. 

This  cotnparatlvelr  new  study  of  anglneering  oo«ts  has  not  only 
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bad  a  pronounced  «ffoct  upon  metbods  of  construetlon,  but  haa 
already  begun  to  work  a  change  In  designs  of  englDeerliis  struc- 
tures. SpeclHcatlana  drawn  by  engineers  who  are  Ignorant  of  th« 
Items  of  actual  unit  costs  are  often  absurd  In  thalr  requirements. 
Hence,  as  a  Icnowledge  of  costs  spreads,  we  may  conlldently  expect 
radical  changes  In  designs  and  In  Hpecldcatlons.  These  changei  will 
result  In  entirely  new  cost  data,  so  that  a  dearth  of  this  sort  of 
Information  Is  not  to  be  expected  from  now  on. 

I  wLih  to  acknowledge  my  Indebtedness  to  the  flies  of  the  follow- 
ing periodicals  and  Boclcty  transactions: 

Bnglnterinff-ContracUng,  EngineeTing  litvia.  Engineering  Record, 
Batltca]/  Age-Oatatte,  Electrin  Rallvav  Jovrnal,  Kunietpal  ETigi- 
neerlnff  Maganine,  VunfiHpal  Journal  and  Sngineer,  Good  Roada 
Uagatlne,  Bnfltneertnj;  UagaMne,  American  Eloctety  of  Civil  HhlKl- 
ueers,  Western  Society  of  Engineers,  Association  of  Engineering 
Societies.  Canadian  Society  of  Civil  Bnglneera,  Illinois  Society  of 
BnglneerB,  Engineers'  Society  of  Western  Pennsylvania,  Bnglneerrf 
Club  of  Philadelphia.  New  England  Water  Works  Association, 
American  Water  Works  Association.  American  Railway  Engineering 
and  Maintenance  of  Way  Asaoclatlon,  American  Association  of 
Hallway  Superintendents  of  Bridges  and  Buildings,  and  the  Insti- 
tution of   Civil  Engineers. 

HALBBRT  P,   GrLLBTTB. 

New  York.  March  14,  1910. 

PREFACE  TO  FIBST  EDITION. 

Four  years  ago  1  announced  In  my  little  book.  "Economics  of 
Boad  Construction,"  thai  I  had  in  preparation  a  handbook  of  cost 
data  for  engineers  and  contractors.  At  that  time  this  handbook 
bad  been  under  way  for  eight  years,  and  It  seemed  nearly  ready 
far  publication  ;  t>ut  other  duties  prevented  a  speedy  flnishlng  ot 
the  taA.  The  delay,  however,  has  been  fortunate  In  that  I  have 
added  very  much  to  my  knowledge  ol  the  general  subject  In  the 
meantime,  two  books  have  grown  out  of  the  Original  manuscript. 
namely,  my  books  on  earthwork  and  on  rock  cTcavatlon.  The 
writing  of  Ihese  two  books  has  better  fitted  me  for  the  writing  ot 
this  boob,  and  has  put  me  In  touch  with  many  engineers  and  con~ 
tractors  who  have  generously  furnished  additional  cost  data. 

So  far  as  I  know,  this  Is  the  first  tiook  on  engineering  cost  data. 
ever  published.  There  are  "price  books"  written  for  house  bullderm. 
but  they  are  essentially  -what  their  name  Implies — books  on  prices 
ot  materials  and  contract  prices.  This  book  dlfters  from  all  such 
works,  aside  from  the  fact  that  It  covers  the  whole  Held  ot  civil 
engineering.  In  that  It  Is  a  book  In  which  costs  are  analysed  and 
discussed.  A  contract  jtHcs  Is  one  thing,  a  contract  east  la  an 
entirety  different  thing.  In  spite  of  the  common  confusion  of  theso 
terma  In  order  fully  to  understand  any  analysis  of  unit  costs  It  Isi 
necessary  to  have  a  detailed  description  of  the  methods  used  In 
construction    and    operation.      Hence,    although    itemised   cost    da.ta 
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McnpT  many  scores  ot  pages  In  this  book,  there  are  many  more 
■Wiva  of  psKes  devoted  to  descriptions  of  how  the  work  was  done, 
lbs  ergintMtioD  ot  the  lorces,  and  the  machines  used.  The  records. 
Id  all  I  iifia.  are  actual  records  taken  from  every  available  source 
of  FUbllilied  information,  from  personal  letters  sent  by  engineers 
>od  contractora  and  from  my  own  records- 
It  Is  often  said  that  coat  data,  are  of  no  value  to  an  Inexperienced 
man.  Oenerally  the  men  who  make  such  atatements  are  themselves 
poaaeased  of  few  records  ot  cost  or  use  this  argument  bh  an  excuse 
for  not  making  public  auch  records  as  they  do  possess.  The  very 
•ecretlTenesa  of  men  having  cost  data  which  they  refuse  to  make 
public,  nnlllfies  their  statement  that  such  data  can  be  of  no  use  to 
others. 

We  also  bear  It  argued  that  conditions  vary  so  widely  that  grave 
*Tors  ocenr  when  an  attempt  Is  made  to  apply  published  cost  data. 
TliDee  who  have  not  been  trained  to  study  the  conditions  affecting 
eosts  are  likely  to  make  serious  blunders  In  any  case ;  but.  It  this 
book  ia  In  even  a  slight  degree  what  It  alms  to  be.  It  will  be  ot 
fieateat  benefit  to  Just  such  men ;  tor  It  will  Indicate  to  them  how 
u>  snalyia   costs  and  how  to   study  methods  of  performing  work 


Hany  of  the  erroneous  Ideas  about  the  value  of  cost  recording 
■il^  from  a  confusion  of  the  term  coat  with  the  term  price.  This 
Is  not  a  handtx>ok  of  prices,  although  many  prices  are  given-  I 
cnold  have  filled  ten  volumes  with  prices,  and  With  summaries  ot 
DOSts  written  by  engineers  who  have  tailed  to  state  rates  ot  wages 
sad  conditions  under  which  the  work  was  performed.  But,  a  sbort 
tbae  after  publication,  all  such  matter  Is  bardly  worth  the  Ink 
Oat  It  Is  printed  with,  sliice  wages  and  prices  are  subject  ti 


Tfaa  Bttentlan  of  contra«tora  ia  called  to  the  first  part  of  the  book 
ta  wtitch  vstnns  of  cost  keeping  are  described.  I  have  outlined 
vbat  I  believe  to  be  some  of  the  best  systems  of  cost  keeping. 
hmirtes  ot  other  record  cards  and  methods  than  my  own 
ate  alunrn :  for  my  purpose  has  been  to  elucidate  principles, 
Tstbo-  than  to  exploit  pet  theories  as  to  business  management  and 

HAI^BRT  P,  OILLETTB. 

N«w  Tork,  Bivt.  1,  1>0G. 


NOTICE  TO  AUTHORS 
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HANDBOOK  OF  COST  DATA. 

INTRODUCTION. 

Icha  Stoart  Hill  baa  aald:  "Without  any  formal  Instruction,  tba 
tuiyuaKe  la  whlcb  we  grow  up  teachea  us  all  tbe  comman  pUloaopby 

U  It  la  eyen  partlaJly  true  that  Ksnaral  kDowledse  la  aftectad  by 
worda  and  expreaaloDa  in  commoD  use,  It  la  certainly  undeniable  that 
formal  deflnltioDa  of  words  have  a  much  Breatar  effect  upon  the 
■cofta  ot  mental  vision.  When  the  formal  daSnltlon  1>  of  a  word 
that  denotes  a  profeaalon,  the  far-reaching  consequence  can  hardly 
ba  MUmatad.  No  definition  of  any  profeoalan  has  hod  wider  clrcula,- 
Uno  and  more  general  acceptance  than  the  old  one  tormulatad  by 
Tradsold   and   adopted   In   Its   Infancy  by   the   Institution   of   Civil 


"finKlneerlng  la  the  art  of  dlrectlnc  the  great  sources  of  power 
to  nature  for  the  uae  and  convenience  of  man." 

Note  the  entire  absence  of  any  reference  to  economics  In  this 
definition.  SnsIneerlnK,  when  Tredgold  lived,  was  In  the  stage  of 
developtnent  when  the  common  problem  before  an  engineer  wa* 
Bot  whether  a,  thing  could  be  done  economically  but  whether  It  could 
ba  done  at  all.  TIten  followed  the  reign  ot  the  mathematicians 
who  took  up  engineering,  luat  as  In  previous  years  mathematicians 
bad  selaed  upon  astronomy  as  a  delightful  science  In  which  to  exer- 
cise tbetr  talents.  But  among  mathemallclana  there  baa  always 
been  a  liking  for  the  ancient  toast:  "Here's  to  pure  mathematics. 
Hay  It  never  be  of  any  use  to  anybody."  So  It  was  naturally  to  be 
expected  that  anything  so  "commercial"  as  saving  money  should  not 
have  appealed  very  ntmngty  to  the  mathematicians  who  had  taken 
up  engtneeiing.  Nor  did  It.  Nor  has  there  been  an  entire  escape 
to  this  day  from  the  bondage  of  that  early  type  ot  engineering. 
TredgDld'e  definition  really  fails  to  define,  or  limit,  the  word  ongl- 
nceting.  Under  his  definition  any  man  who  directs  any  of  the  great 
forcea  of  nature  tor  the  use  ot  men  1b  an  engineer.  The  farmer 
who  utilizes  that  enormous  force — the  sun's  heat — -for  the  "use 
and  convenience  of  man,"  Is  an  engineer.  So,  too,  la  the  sailor  who 
tUrects  that  other  vast  force,  the  wind,  to  the  driving  of  his  ship. 
In  fact,  there  Is  no  limit  lo  the  classes  of  men  who  fall  within  the 
literal  wording  of  this  deflnitlon.  It  is,  therefore,  a  very  unsatis- 
factory definition  because  of  Its  vagueness.  However,  I  object  to  It 
not  so  much  upon  the  ground  that  It  Includes  too  much  as  upon  the 
Cnnind  that  It  fails  to  Include  what  It  should,  namely  the  funda- 
montal  function  of  the  modem  engineer,  which  Is  to  solve  problems 
tn  economic  production. 

J  recall  with  what  keen  Interest  1  first  read  that  now  historic 
wM,  Wellington's  "Bconomic  Theory  of  the  Location  ot  RaUwaya' 
I  was  partlcldarly  struck  with  this  opening  paragraph : 
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"It  would  bo  weti  if  englneerinK  wero  leas  generally  thought  ot, 
uid  even  deflnod,  aa  the  art  of  constructliiK-  In  a,  certain  Important 
•enae  It  Is  rather  the  art  of  not  conatructlns ;  or,  to  detlne  It  nidslr 
but  not  [naptly,  It  IB  the  art  of  doing  that  well  with  one  dollar, 
which  any  bunKlar  can  da  with  two  after  a  fashion." 

Welllnston  made  no  attempt  to  give  a  complete  definition  of  engt- 
neerfng.  but  he  certainly  was  among  the  llrat.  if  not  the  flrat,  to 
Indicate  the  Inherent  weakness  of  such  definitions  aa  that  of  Trod* 
gold.  Welllnglon  has  It  to  hiB  lasting  credit  that  he  made  a  TSllant 
effort  to  reduce  railway  location  lo  an  economic  science.  That  ha 
made  many  errorB.  or  that  he  was  not  always  even  logical,  detract* 
little  from  his  eminent  position  as  one  of  the  greatest  teachers  of 
what  engineering  really  Is. 

Engineering  ia  the  conecUma  application  of  science  to  (he  problem* 
of  ecoaomto  production. 

Under  this  definition,  which  may  ultimately  be  regarded  aa  too 
broad,  I  aim  to  Include  that  part  of  engineering  which  relates  to  th* 
scientific  management  ot  men,  and  the  sclentltlc  development  ot 
methods  of  construction  and  operation,  aa  well  as  the  design  of  tba 
most  economic  structures  and  machines  for  a  given  service.  The 
word  art  does  appear  In  the  definition,  for  It  is  obvious  that  In  the 
application  of  sclentlllc  principles  In  the  solution  of  any  problem, 
what  may  be  termed  "art"  must  be  exercised  if  the  greatest  succeaa 
Is  to  follow.  Natural  aptitude,  practice  and  experience  are  ttM 
quallflcatlons  of  every  man  who  Is  a  real  artist  In  the  execution  of  a, 
task.     These  are  the  qualities  that  cannot  be  Imparted  by  teachlns- 

Since  engineering  In  the  modem  sense  of  the  term  consist*  In 
solving  problems  In  economic  construction  and  operation.  It  should 
be  apparent  to  all  that  cost  data  are  of  primary  Importance  to  every 
engineer.  For,  Just  as  data  on  the  resistance  of  materials  to  stress 
are  essential  In  economizing  the  materials  In  a  bridge,  a  bulldlnc, 
or  a  machine,  ao  data  as  to  unit  costs  of  construction,  operation  aiid 
maintenance  are  vitally  valuable  to  every  engineer  who  attempts 
to  be  an  engineer  In  the  modem  meaning  of  the  term. 

To  my  great  surprise,  the  first  edition  of  this  Handbook  of  Cost 
Uata  was  scarcely  olT  the  press  l>efore  editorials  and  articles  t>egaii 
to  appear  In  certain  engineering  periodicals  belittling  the  value  of 
cost  data.  I  had  taken  particular  care,  as  I  had  thought.  In  pohitlns 
out  the  difference  between  the  price  of  anything  and  Its  actual  coet. 
Yet  it  woB  said  by  writers  that  prices  fluctuated  so  rapidly  that  cost 
records  are  of  no  particular  value  except  for  very  short  periods  of 
time.  Lest  this  confusion  of  terms  shall  continue  to  mislead,  I 
purpose  briefly  Indicating  again  their  meaning. 

The  price  ot  any  article  Is  the  money  paid  tor  It  by  a  consamer. 
It  Is  the  cost  to  the  consumer,  and  In  that  aense  of  the  word  I  usft 
the  terra  cost  occasionally  In  this  book,  but  never  In  such  a  way 
as   to  cause   confusion,   the  meaning  being   always   obvious   by  the 

The  coat  of  any  article  Is  money  paid  by  the  producer  for  m>- 
-  'Tlala  Buppllea  labor,  etc.,  necessary  In  Its  production.     His  pro&t 
he  •*ifr'>rence  between  this  cost  and  the  price  he  receives. 
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Clcailr,  tlm,  U  wa  KtTe  the  number  of  houra  or  dayi  ol  labor  of 
a  itatsd  clais  required  to  produce  a.  unit  of  product,  we  bare 
flm  its  cost  In  terms  that  may  be  of  permanent  value,  so  long  aa 
tb*  auna  mettaoda  of  dolnic  Ute  work  remain  tin  voffue.  In  brief, 
*e  bKtB  Blven  the  coat  la  terms  of  the  da^a  output  of  a  man,  and 
tbta  ■■  br  DO  means  a  auantltr  aub^ct  to  erratic  auctuations.  In- 
ieei,  oDdvr  equitlly  good  managwnent  audi  costa  are  often  astonlabr 
kclr  atabla.  If  anyone  doubts  this  statement,  1  adc  him  to  com- 
pare the  data  In  my  little  book  "The  Economics  of  Road  ConstTue- 
tion,"  written  In  1940,  with  conwondbiK  data  in  AJtken's  "Road 
HakhiC  and  Malnlaoaocc"  publlAed  a  few  weeks  after  1  had  turned 
onr  tar  manuscript  to  my  pabllahera  Altken  wrote  of  Bnsllsh 
matboda  and  coat  of  building  macodun  roada.  He  used  American 
ndc  drills  and  EliiKllah  steam  rollers.  I  used  machiiiea  and  tools 
almcst  Identical,  and  our  reapecttve  unit  coats  were,  on  most  Items, 
nearly  Meattcal  whan  redoced  to  the  same  unit  rates  of  waces. 

II  la  the  veriest  nonsanae  to  attribute  to  ttost  data  an  'ephemeral  or 
pordy  local  value,  because  priovs  vary  with  supply  and  demand, 
or  because  local  conditions  differ  more  or  lesa,  Prices  have  notblns 
to  do  with  the  matter  at  all  in  maklnc  proper  comparisons  of  cost 
data,  ainr^e.  If  quantities  of  materials  and  quantities  of  labor  are 
atated.  the  substitution  of  standard  prices  for  materials  and  of 
Mandard  wasea  for  labor  la  a  n 


Pallades,  however,  die  with  cat-like  protraction.  Hence,  when 
the  Urst  published  objections  to  the  real  and  ceneral  value  of  pub- 
BAed  cost  data  were  seemingly  killed.  I  found  them  strugxHns  to 
Uf*  acaln.  In  a  recent  paper  before  the  American  Society  of  Civil 
^Bstneers  It  was  urged  that,  while  cost  data  may  be  valuable 
they  are  of  no  great  value  except  to  the  msn  who  Kathered  the 
data!  This  same  fallacy  has  also  been  repeated  In  two  englnearlny 
■oumala.  both  editorially  and  In  contributed  articles. 

Were  It  not  for  the  sources  of  these  tirrors  I  should  Isnore  them. 
But  they  seem  to  merit  at  least  a  paastng'  notice. 

Cost  data  differ  from  other  engineerlnK  data  In  no  essential 
reiqwct,  except,  perhMis,  In  this:  Workmen  who  are  underpaid,  or 
pocirtr  nwinaged,  <»■  arrosant  because  of  a,  false  feeliOK  of  Independ- 
^Me,  may  not  do  a  full  day's  worfe.  When  this  Is  ao,  unit  costs  are 
MesMaril)'  hich  if  m«asnr«d  In  terms  of  the  man-day.  This  con- 
.dUloa,  however,  can  be  recorded,  and.  In  fact  it  records  Itself  If 
V«  Iwre  other  data  for  comparison. 

Cost  data  can  be  so  reduced  to  Items  and  accompojiled  by  atate- 
Bents  of  condltloiis  as  to  be  of  aa  much  value  to  eniilDsera  and 
contractors  aa  any  other  kind  of  data.  Data  of  strengths,  fOr  ex- 
ample, are  very  mlsleadlnK  II  unaccompanied  by  descriptions  of  the 
risa  of  teat  pieces  cbemlcal  composition,  and  many  other  factors. 
Which  are  entirely  analogous  to  the  "local  condition^'  that  cause 
VBrlatkHW  In  cost  data.  By  curloua  coincidence,  one  of  the  engl- 
uawa  who  has  most  severely  criticised  cost  data  is  the  author  of  a 
UO-paisa  book  giving  nothing  but  records  ot  strength  and  elasticity 
tats  ot  Portland  cenieni  and  concrete.    It  cost  data  were  nibjeot  to 
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This  lajt  expremlon  leads  me  to  the  real  heart  of  the  subject  ol 
tblB  book,  and  the  h«art  !■  not  coat  eitlmatlns — at  leaM  it  la  not  that 
per  «e.  Important  aa  the  matter  o(  eatimati»a  coats  often  la,  tli« 
overshado-wlng  value  of  cost  data.  Ba  a  Kulde  In  reduoing  oasts  will 
be  apparent  to  every  ensineer,  contractor  or  manufacturer  who  baa 
been  long  engaired  as  a  producer  of  thlnn  for  sale. 

Compariaou  of  unit  ooats  is  tk«  onlv  acitnti/tc  critvHoK  b|/  wAfoik 
to  jttdge  th«  toonomio  mrrit  of  a  ■tnioCure,  a  mocMtwi,  or  a  malhod 
o/  doing  tnork. 

This  fact  ta  so  self-evident  that  Its  meanlDK  needs  but  to  be 
understood  to  find  full  acceptance  by  everyone  of  open  mind  and 
unclouded  brain.  Yet,  failure  to  formulate  this  law  haa  led  to  soma 
of  the  most  aatoundlng  methods  of  designing  and  of  aelectlng  engl- 
neerlnK  atructures.  For  example,  In  nearly  every  American  treatlaa 
on  highway  conatruetlon  will  be  found  a  method  which  the  highway 
engineer  la  Hupposed  to  follow  In  selecting  the  type  of  pavement 
for  a  given  street.  The  method  conalata  In  aaalgnliiK  percentaces  to 
each  of  the  qualities  that  pavement  haa,  as  follows: 

Percent. 

Low    flrat    coat IB 

Ixiw  coal  of  maintenance 20 

Ease    of   traction ID 

Good    foothold    E 

Base   of   cleaning IS 

Noiseless     IS 

Healthfulneas     10 

Free  from  mud  and  dust 19 

Comfortable    to    use t 

Non-absorbent  of  heat t 


If  a  pavement  possesses  any  one  of  these  qualities  to  perfection, 
the  full  percentage  assigned  to  each  quality  la  credited  to  tltst  pave* 
msnt.  Tho  pavement  showing  the  highest  total  percentage  Is  the 
one  to  be  selected.  This  looks  somewhat  sclentlflc.  with  Its  talniU- 
tlon  of  ratios,  but  It  la  not  even  sclentlUc  guesswork.  As  well  chooss 
a  suit  of  clothes  by  assigning  1{)%  to  the  buttons,  G0%  to  ths  dotb 
and  40%  to  the  style.  Pseudo- science  of  this  sort  would  never  hav« 
gotten  Into  the  pages  of  engineering  textbooks  had  there  been  a 
clear  and  complete  definition  of  engineering  In  the  minds  of  tha 
Buthon.  I  need  not  stop  to  point  out  the  scientific  method  of  de- 
signing or  selecting  a  pavement,  for  that  will  follow  as  a  corollary 
to  the  criterion  for  economic  dealgn,  given  later. 

I  wish  here  to  emphasise  the  fact  that  no  paper  read  before  aa 
engineering  society,  nor  any  article  printed  In  an  engineering  peri- 
odical on  the  design  of  a  machine  or  structure.  Is  Ideal  In  Ita  char- 
acter unless  It  Is  accompanied  by  coat  data.  I  would  not  be  under- 
stood, however,  as  saying  that  the  absence  of  coat  data  makes  an 
article  of  this  sort  worlhlesa.  Far  from  It.  But  the  absence  of  coat 
data  weakens  the  article,   for,   without  the  accurate  criterion  that 
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nut  data^-utd  coct  data  only — lumlBh,  a  Dr«claa  Judsmant  aa  to 
cbs  eamomic  autrit  of  tbe  machine  or  Kructuie  la  unpoialbla 

Hie  lame  holds  Irua  ol  a  metbod  <4  doiiu;  work,  and  that  la  wbr 
I  have  choaen  to  link  the  words  methoda  and  ooat  Id  the  aubtltlea  of 
Mrend  of  11117  booka  on  construction. 

Otl«i  a  COM  la  BO  nearly  a  function  of  the  amounta  of  material 
KQulred  In  a  structure  or  machine  that  Che  dollar's  mark  need  not 
HipTMr  at  all — alinplr  the  quantities  of  each  kind  o(  material  par 
unit  oC  product.  This  la  particularly  true  of  steel  bridges.  Pshapa 
this  tact  accounts  In  a  measure,  for  the  Indlflerence  of  some  bridge 
eagiaBeru  to  the  Importance  of  cost  data.  They  tall  to  aee  that  In 
other  lines  of  enKlneerluK  the  quantity  of  maCerlala  Is  not  always 
a  fnnctlm  df  the  coal-  But  even  in  bridge  work  it  is  fatal  to  true 
economy  to  have  eyea  only  for  tiie  amount  ol  materials  required 
tor  tbe  atrvcture.  A  study  of  the  section  on  bridgework  In  this  book 
will  make  evident  this  fact. 

In  the  operation  of  plants  of  given  capacity  and  nf  stated  class, 
cost  data  are  Invaluable  aa  a  criterion  of  the  efllclency  of  machines, 
of  mca  and  of  managemenL  Untartunateiy,  moat  writers  on  this 
branch  cd  coat  data,  liave  hitherto  recorded  only  the  dollars  and  cents 
coat  of  the  various  Items  of  operating  expense.  We  often  flnd,  tor 
eiample.  that  tlie  Item  ot  fuel  lias  cost  so  and  so  many  dollars  per 
year,  or  per  horaepower-year,  without  a  word  as  to  the  number  ol 
tons  of  fuel  and  the  price  per  tan.  We  read  that  the  wages  ot  opera- 
thm  totaled  ao  and  ao,  without  finding  a.  detailed  statement  of  the 
orKantxatlon  ot  tlie  operating  crew  and  the  ratea  of  wages  paid  to 
each  claas  of  man.  We  are  told  that  repairs  cost  so  and  bo  many 
dollara  per  year,  but  the  first  cost  ot  the  plant  Is  omitted,  ao  that 
we  are  unable  to  reduce  the  repairs  to  a  percentage  of  the  flrst 
coat ;  nor  Is  the  age  of  the  plant  atated.  so  that,  even  If  its  first 
coat  were  given,  we  should  be  In  doubt  as  to  whether  the  plant  had 
been  long  enou^  In  use  to  reach  a  stage  of  average  repalra 

All  such  omissions,  however,  are  not  a  fair  indictment  of  coat  data. 
A  Itut  crittciam  Of  Imperfect  coat  data,  or  of  imperfect  records  of 
tbe  condlliona  to  which  they  apply.  Is  quite  a  different  thing  from 
an  attempt  to  belittle  tbe  value  of  all  cost  data  "except  to  the  man 
who  gathered  them."  Were  it  literally  true  that  cost  data  are  ot 
worth  only  to  the  man  who  has  aeen  the  local  conditions,  we  should, 
bidavd,  be  In  a  aorry  stata  The  civil  engineer  engaged  in  locating 
a  railway,  having  never  personally  gathered  any  railway  operating 
oamtM,  would  be  compelled  to  Ignore  all  such  cost  data  In  solving  the 
various  problems  of  location. 

Wliere.  Indeed,  will  thia  nonsense  lead  ua  It  we  will  l>e  lead  by  Itf 
OfavtooOly  to  a  paint  where  no  engineer  will  dare  uae  any  coat  data 
at  all,  except  his  own  meager  plckhuri  from  his  own  little  crab- 
W>ple  tree  of  experience. 

Tbe  great  and  ateadity  greater  growing  efficiency  of  engineer*  la 
doe  to  their  uae  of  all  kinds  ot  data — coat  data  Included — gatberad 
br  all  Idnda  of  englneera 

I  expect  to  live  to  see  the  day  when  a  knowledge  ot  coat  data  and 
haw   to   naa  them  will  be  gmerally  regarded  by   englneera  aa  at 
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sr«atar  Importanco  sreii  than  a  atmllar  knowledce  of  Um  phrdMl 
prwertles  of  materialm. 

Finally.  In  thia  foreword,  I  wootd  Impreaa  ulMMl  jraunc  enslnMt* 
tba  tmportance  of  ezaminlnK  the  deflnlUons  at  all  tenna  wltb  cai«. 
I  bav*  Indicated  how  a  confusion  aa  to  the  worda  price  and  coat  haa 
oftan  tMulted  in  ipaaldnB  of  co«t«  aa  not  twlng  atabla  when  What 
waa  meant  wu  the  Instability  of  irr-lcea.  I  have  indicated  how  an 
ancient  dcAnltlon  of  the  word  enKlneeiinc  may  have  been  a  factor 
In  IwidInK  many  enBlneeiing  educators  to  follow  the  old  precedent 
too  cloaely  for  th?  good  of  the  students  who.  upon  graduation,  muat 
chan^  their  conceptions  of  what  are  the  most  common  and  the 
most  Important  engtneerliiK  problema 

In  the  followlus  psKe*  iHll  be  found  a  strlkinE  illastratlon  of  the 
«rrora  that  aome  enslnears  have  made  throngh  confuaInK  the  words 
depreciation  and  repaira 

I  commend  to  all  engineers  the  careful  Mndy  of  Hlll'a  "System  of 
Loirlc,"  and  particularly  his  chapters  on  Definition  and  on  Fallacies 


PRINCIPLES  OP  ENGINEERING,  ECONOMICS  AND 
COST  KEEPING. 

D*flnltlon>. — Not   only   tor  the  benefit   of  younger  men   and  of 
(orelKii  enstncera  doea  It  •eem  wise  to  irlve  the  folIowlnK  definitions, 
but  becauae   there   !■  not  at   present  an   entire  uniformity  amonx 
American  enKlneera  as  resarda  the  meanlnK  of  iqtne  of  the  terma 
Amount. — The  principal  plus  accumulated  IntereaL 
AmoTiitaHon.—Tbt  extinction  of  a  debt  br  means  of  a  alnklns 
fund,  or  the  provision  for  the  redemption  of  an   loveBtment  In  a 
I       plant,  B  mtn«,  or  the  Uke,  by  meana  of  a  rinUns  fund. 

Settermant, — An  improvement.    In  rallvsy  parlance,  any  •:q(ieDdl- 
I        tore  (or  "addition  and  Improvranent" 

Bid, — To   submit  A  contract  price ;    the  bidding  price  being  the 

Indor. 

I  Book  YoIiM. — The  vtUue  of  a  plant  as  recorded  In  the  accounting 

I       bo^s  of  «  company.     Often  It  represents  the  price  paid  tor  the 

Mant  and  the  francblsa  under  which  It  operates.    Often  it  U  the  estl- 

I       mated  depreciated  value. 

Bomto. — A  payment  to  a  workman  In  addition  to  hla  hourly,  dally 
at  weekly  wage.  The  bonua  system  Is  a  modified  piece  rate  system 
by  which  a  workman  receives  a.  stipulated  price  (^  bonus)  for  each 
unit  of  work  done  In  excess  of  a  stipulated  minimum,  In  addition  to 
his  regular  wage. 

CiVilaUse. — To  divide  an  """"«■'  operating  or  maintenance  expense 
by  a  rate  of  Interest     The  qtiotlent  thus  obtained   Is  called   the 
Tr"""**^  cost  at  the  annual  expense. 
CoRHHffntofes. — tinfareseen  expenses. 

Ooet, — The  actuid  cost  at  material^  suppliet^  labor,  etc,  required 
to  prodtice  an  article  or  to  perform  a  service.  Also  frequently  used 
to  denote  the  prise  tliat  a  purchaser  has  paid. 

Coat  of  SeproduottiM. — The  present  cost  of  a  plant,  or  plant  unit, 
rsBarded  as  reproduced  new  at  present  prices. 

•oto. — Facts,  and  particularly  those  that  can  be  numerically  ex- 
pressed. The  word  Is  the  plural  of  datum,  but  so  many  writers 
B  the  word  data  with  a  singular  verb  that  It  seems  likely  to  fol- 
low  the  precedent  of  such  words  as  newa     In  Shalt e^ieare's  time. 
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news  waa  uaed  only  in  the  plural ;   now  It  la  always  sEnsular. 

Dtmitrntgv. — The  amount  paid  a  railway  company  tor  holdlnc  m 
car  beyond  a.  certain  time. 

Dtpreelatton. — Decrease  In  value.  It  la  preferable  not  to  uie  tbe 
word  to  denote  "repairs  and  renewala,"  but  to  use  "maintenance" 
(or  that  purpoae.  Depreciation  Is  best  used  only  to  denote  "nti'ltil 
expenM  for  the  entire  rsnetcaE  ot  a  plant  unit.  It  will  then  b« 
either  the  amount  annually  placed  in  a  ainlcinK  (und,  or  the  amount 
paid  nut  of  current  Income  for  plant  renewala,  renewals,  In  Che  lat- 
ter caae,  beinx  regarded  merely  aa  repairs  on  a  larger  scale.  Thr««_ 
formulaa  tor  depreciation  are  given  in  the  roUowlng  pagea:  CI)  The 
Btralsht  line  formula;  (3)  Sinking  fund  formula;  (3)  Unit  coat  of 
production  formula. 

Bipiipmtnt. — In  railway  parlance,  rolling  Mock,  Including  locomo- 
tives and  cars.  Unfortunately  the  term  haa  been  latterly  uaed  to  In- 
clude the  power  atationa  and  electrical  plant  of  electric  railways.  It 
will  be  well  to  discontinue  the  use  of  equipment  in  any  moss  but  aa 
relating  to  rolllngr  atock. 

Fixed  Chorffee.^Often  used  to  denote  only  the  Interest  charges 
on  the  funded  debt  of  plant,  but  more  often  used  to  include  all  ex- 
penses that  go  on  whether  a  plant  is  In  operation  or  not 
Funded  Debt. — -The  bonds  ol  a  railway. 

Oolito  ConcBrK  Tolue. — .The  amount  of  money  expended  In  build- 
ing up  a  buainesa.  or  the  measure  ol  Increased  value  possessed  by. an 
old  buainesa  over  a  similar  business  Just  started  with  a  new  plant, 
ifalnlenance   Bxpenae. — The  annual   expense  for   repairs  and  en- 
tire renewala  of  plant  units. 

UaterUiU.- — The  mibsCances  actually  entering  the  conatruction  of 
a  machine  or  atructure,  as  dlatinguiahed  from  lupplles.  Thla  dis- 
tinction Ih  not  alwaya  made,  but  la  desirable. 

Obsoleicence. — The  atate  of  going  out  of  use  through  becomins 
obsolete. 

Operating  Eapent. — In  railway  parlance  thia  Includes  the  ex- 
penae  of  operating  and  maintaining  a  railway  planL  The  opsralintr 
ratio  la  the  ratio  of  operating  expense  to  groas  earnlnga  In  manu- 
facturing and  contracting  parlance,  operating  expense  of'en  does 
not  include  maintenance,  which  la  claaaed  as  a  dtatinct  item,  and 
includes  repairs  and  renewala 

Origtnal  Cott. — The  actual  original  cost  Of  a  plant,  including  ad- 
dlUona  and  improvements,  but  not  Including  proQta  resulting  from 
tbe  sale  of  tbe  completed  plant. 
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^k«ad  Charges. — Oeoer«Jl7  uaed  to  inclgde  onlr  oOlce  sxpeiiBBa 
J  ndacell&neoua  expenasa;  the  latter  balng  so  general  that 
t  be  cbarx^  either  axalnat  tlw  oOce  or  fleld  or  ahop. 
c  Incurred  In  the  maintenance  of  the  buslnesa  Id  gmenU. 
*  Sole. — A  rate  paid  to  a.  workman  for  each  unit,  or  piece,  ot 
sd.  When  an  increaHJnK  piece  rate  1b  paid  a>  the  num- 
ff  onltB  of  outinit  IncreaBea.  It  1h  called  a  MlreTe»ttal  fteee  rata. 
M. — Tbe  phrslcal  property  uaed  In  production.  Including  ina- 

mt  Valmt- — Depreciated  value. 
— The  market  price,  as  dlMlnKOlalted  from  the  actual  ooat 
a  structure,  machine,  or  the  like. 

. — The  orlslnal  sum  upon  which  Intereat  la  calculated. 
— The  reciprocal  of  a  number  la  1  divided  by  that  num- 
I  nie  redproca]  ot  tO  Is  1/10,  or  0.05,  or  G%. 

— The  price  that  Is  realised  from  the  aale  of  a  de- 
d  machine  or  structure. 
f  Repatn. — The  repairs  that  a  machine  receives  In  a  shop,  as 
pilshed  from  reitatrs  received  In  the  field. 
■Unp  Fttitd. — A  fund  eetabllshed  for  the  ultimate  payment  of 
■ii.  or  for  the  redemption  of  an  Inveatment  In  a  plant,  mine,  etc 
noual  deposit  Is  ordinarily  made  In  the  fund,  and  the  fund  In- 
a  by  these  deports  and  by  compound  Interest. 

n. — All  items  of  material  neceaaary  to  carry  on  work,  but 
t  rapidly  destroyed  In  the  process  of  production;  e.  g..  coal, 
fope.  hose.  etc.     Bee  Materials,  above  defined. 

—To  bid. 

Bbalaaceif  Bii. — A  bid  In  which  certain  unit  prices  are  above  a 
pirice  and  other  unit  pricea  are  below  a  fair  price. 

It  Coat.^The  total  coat  of  produclnc  a  unit,   such  as  a  cubic 
I  of  concrete. 

■u  Mtermt  colt  la  the  total  annual  Interest  on  a  plant  Inveat- 
I  divided  by  the  total  number  of  units  of  producL  A  plant  unU 
pngle  machine,  or  a  single  slructure. 

— "Hie  worth  of  a  thing.  This  may  be  Its  market  price,  or  It 
\  aum  arrived  at  by  eatimating  depreciated  value,  or  It  may 
n  determined  by  capltallslnK  annual  net  eamlnga.  or  It  may 
a  determined  by  capItallalnK  annual  savins  In  operatlnx  or 
e  ezpenaa      See  Book  Value,  above. 

a    Intsresl    Tables — Ttune   are   ordinarily   given   In    two 
k  as  In  Tables  I  and  II. 
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IjA  As  amount,  or  accumulation  of  |1  and  lotareat  dutins  %  ymi*. 
T=  rate  of  Interest,  payments  made  at  the  end  of  aach  rMir> 
n  =  number  of  years. 

Then  (I)  A.~(}  +  Tl'>. 

Table  I  Is  calculated  by  formula  <1).  If  the  principal  Is  %Vt, 
Blmplj'  multiply  the  amount  found  In  Table  I  by  10 ;  and  In  Ilka 
manner  for  any  other  prlncliHl.  It  la  convenient  to  beof  In  mind 
that  money  at  compound  interest  doubles  itself  In  ai^roiimately  the 
number  of  yean  obtained  by  dividing  12  by  the  rate  of  IntereM. 
This  Is  not  strictly  accurate,  as  may  be  aova  from  Table  I,  but,  for 
the  rougii  and  ready  estimates  that  an  engineer  Is  often  called  uptm 
to  make.  It  will  generally  sufflce. 

Table  I  \»,  lor  many  encineering  purposes,  less  convenient  than 
TaJile  II,  which  is  also  a  compound  Interert  table.  The  amount* 
given  In  Table  II  are  the  reciprocals  of  the  corresponding  amount* 
In  Table  I.  Table  II  is  useful  in  determining  the  prcavnt  value  or 
present  juatifiable  txpenMturt  to  atewt  a  return  of  tt  at  the  end  of 

To  illustrate  the  uee  of  Table  II,  suppose  It  to  be  probable  that 
the  traflic  of  a  projected  change  of  railway  line  will  be  double  In 
ten  year*  what  It  la  at  present 

Suppose  that  present  operating  expenses  can  be  reduced  by  an 
Improved  location  of  the  hne,  and  that  the  capitalised  value  of  the 
saving  In  present  operating  expenses  Is  |1.  Then  there  Is  certainly 
economic  warrant  tor  spending  that  tl,  but  how  much  may  be  now 
spent  to  save  the  other  tl  tn  operating  expenses  which  will  be 
effected  by  this  improvement  when  traffic  shall  have  doubled  10 
years  hence? 

Table  II  glvea  the  answer;  for  if  money  can  be  borrowed  at  %%, 
Qve  table  shows  that  tO.Sll  may  be  spent  now  to  secure  a  better- 
ment which  will  yield  a  capitalized  value  of  tl  In  reduced  operating 
expenses  10  years  hence. 

Therefore  the  total  present  justifled  expenditure  becomes  fl.fil4. 
of  which  |1  is  the  capltallied  saving  tn  present  operaUng  expenas 
and  %0.iH  the  capitalised  saving  In  future  operating  expense  when 
the  trolllc  shall  have  doubled. 

Aa  Wellington  points  out,  this  Is  the  maximum  Justifiable  expendi- 
ture to  effect  a  future  saving  In  operating  expanse;  for,  unless  tber* 
Is  assurance  that  samlngs  will  be  sufficient  to  pay  the  Interest  upon 
the  Increased  obligations,  danger  exists  ol  financial  embarrassaiMlt 
which  may  remit  disastrously  to  ths  railway  nnmvn. 
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TABI.B  II- COUPOtlMD  iNTBUffiT  TjLBIA. 

Qlvinc  Sums  Which  at  CompouDd  IntereBt  Will  Amount  t 
Olven  Number  of  Tears. 
With  iDteren  at— 


SEE 

(83 

.74* 

668 

bOJt 

.403    .1 

.722 

6G0 

ESC 

637 

476 

429     3 

626 

B57 

497 

.623 

534 
513 

45S 
430 

394 

871 

BIT 

.293    .! 

.&ST 

494 

415 

360 

.670 

476 

390 

sso 

278 

.ii* 

48« 

177 

313 

sss 

199 

tsi 

143 

186 

131 

.099 

400 

S9« 

310 

184 

23 

093 

.877 

200 

14« 

07 

.019 

.3G5 

94 

.063 

14> 

toi 

071 

.B07 

EOS 

MS 

097 

087 

.048    .0 

lis 

ISO 

086 

068 

.039    .0 

1T8 

IIT 

051 

.034 

10« 

008 

044 

.039 

0S6 

061 

0J9 

.036 

.t!S 

14X 

OST 

061 

034 

.081    .0 
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Sinking  Fund  Tablet.— Table  m  la  a  alnklns  (und  Uble,  or  an- 
nuity tai>le,  that  slvaB  the  deposit  that  roust  be  annually  placed  In  ^ 
fund  drawinx  compound  Interest  to  amount  to  fl  at  Uie  end  of  a 
Blven  term  of  years. 
Let 

d  =  annuity,  or  sum  deposited  at  Uie  and  of  each  year,  which 

will  amount  to  H  In  •  yeara 
r  =  rate  of  Interest.  Interest  payments  belnf  tnoile  at  the  and  of 

each  year. 
n  =  nurober  of  yeara 


d  = 

Table  III  gives  the  values  for  d,  for  any  rate  of  Interest  (r)  and 
any  tenn  of  years  (»). 

If  It  Is  desired  to  redeem  an  investment  ot  say,  tl.tOO.  at  the 
end  of  ZG  years.  Interest  belns  4%.  Table  ni  xlves  d  =  0.02401,  whicb 
would  redeem  fl.  Hence  O.osioi  X  11.200  =  flS.Sia,  which  Is  the 
annual  deiHiBlt  In  the  sinking  fund  necessary  to  redeem  the  (l.tOO. 

Table  rv  Is  also  a  sinklns  fund  table,  Its  values  beins  the  recipro- 
cals of  the  correspondins  values  In  Table  IIL  Table  IV  gives  the 
accumulation  of  annual  deposits  of  fl  at  the  end  of  each  year  and 
the  Interest  on  the  same  compounded  annually.  The  use  of  this 
table  Involvee  the  oneratlon  of  division,  which  Is  not  OTdlnorily  so 
rapid  as  the  operation  of  multlp)  I  cation.  To  Illustrate,  let  us  assume 
the  same  problem  as  before :  It  Is  desired  to  ascertain  the  annual 
deposit  In  a  sinking  fund  necessary  to  redeem  11,200  at  the  end  of 
26  years.  Interest  being  1%.  Table  FV  gives  the  accumulation  of  fl 
In  2E  years  at  4%  as  being  I41.CS.  Hence  11.200  -7-  41.«0  =  l^t.SOB. 
This  Is  not  quite  the  same  as  the  result  secured  with  Table  ni,  due 
to  the  tact  that  Table  IV  Is  not  carried  out  to  as  many  decimal 

Present  Worth  or  Annuity.— Table  V  is  useful  in  determining  the 
justifiable  present  expenditure  to  save  |1  per  year  for  various  terms 
of  years.  In  other  word^  Table  V  gives  the  capital  sum  that  will 
return  |1  per  year  in  Interest  during  the  tenn  of  years  and  will  also 
return  an  additional  nun  In  interest  each  year  sufficient  to  ex- 
tinguish the  principal  at  the  end  of  a  term  of  years  If  placed  at 
compound  interest 

The  present  worth,  W,  of  an  annuity  Is  given  by  the  formula 
f/  +  r>  —J 

fl  +  rj'  r 

Table  V  was  calculated  by  this  formula. 

References  and  Cross- Rsferencet. — At  the  end  of  the 'Waterworks 
Section  of  this  book  will  be  found  an  abstract  of  on  excellent  article 
by  Ifr.  I^eonard  Metcalf  on  the  appraisal  of  waterworks,  wherein  are 
given  various  sinking  fund  formulas  and  curves 

For  the  deduction  of  the  formulas  given  In  the  preceding  pages, 
consult  any  higher  algebra,  or  Frye's  "Civil  Bnglneer's  Poeketbook." 
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Tabu  IV. — Sinkiwi  Fund. 
iDiuit  (or  accumulation}  when  fl  1i  deposited  annually  In  a 
fund  whoM>  lotereat  ia  compounded.) 

~   le  ot  Interest,  Per  Cont — 


w 

16.96        1 

11 

13.41        1 

t» 18.84        3 

is                  ...      37.0B        4 

If »8.7B        4 

!•___ 40.67        4 

G4.03 
ES.ll 
G8.Z4 
SD.10 


74.13  tt. 

78.SI  lOO. 

79.16  ]()4. 

B1.M  108. 

R4.ES  112. 


19.86    izt.b: 

14.84      135.11 
.0.04      142. SI 


12.98  178,11 
;0.SO  1B8.0< 
16.87      108.41 


10.34  203.08 

'2. 68  S3D.38 

IS.S4  238.96 

19.63  269.07 

.4.61  280.79 

10.63  804.26 

17.78  329.60 

16. IZ  3GS.97 

IS. 76  ISe.G3 

IE.7E  418.44 

19.12  452.92 
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Ju«t 
3 

per 

....    10.97 

Qable  PrSBsnt 
4             5 
per       per 
cent      cent 
to.9e    tO.BG 

1.B9        1,86 
2.78       2.T2 
3.63        S.5E 
4.46        4.33 
6.34        6.98 
•.00        6.79 
S.73        6.46 

sill        "i'-li 

S.76        8.31 
9.39        8.86 
9.99        9.39 
10.66        9.9D 

11.12  10.38 
11.66      10.84 
12.17      11.27 
12.«S      11.69 

13.13  13,09 
1S.59      12.46 

11.03  12.82 
14.46      13.19 

15162      14!09 

16-33      14:64 
16  66      14,90 
16.98      IB.H 
I6.E9      13.1C 

17.69      16.69 
17.87      16.80 

is!4i    ie!i9 

1B.67      16.37 
1S.91      I6.B6 

19.14  16.71 
19.37      16-87 
19-66     17.02 
19.79      17.16 

20^19     17!42 
20.S7      17.66 
20.6S      17.66 
20.72      17.77 
20.89      17,88 

21.04  17.98 

21.48      16.26 

na  of  Yoara. 

ot 
Years. 

10.94 

l!67 
S.47 
4.21 
4.98 

6.68 

Is 

7.89 

8.38 
S.85 
9.30 

9.71 
10,11 
10.48 
10.83 
11.16 
11.47 

11.76 
12.0* 

12:78 

isiso 

11.47 

1S.93 
14.08 

14:31 

14.60 
14.62 
14.74 
14,85 

6.14 

6.23 
6.31 

6.38 
5.46 
5.62 
6-69 

16:76 

per 
30.93 

3:39 
4.10 
4.77 
6.39 

Kl 

7,60 
7.94 
8.36 
8.76 
9.11 
9.49 
S.76 
10-06 
10.34 
10-69 

10.84 

ILSS 
11.99 
13.14 

12.28 
10.69 

12.63 
13.66 

12:86 
12.96 
13.04 
13.13 
13.19 

13:46 
13.E1 
13.66 
13.61 
13.65 
13,69 
18.73 

per         p 

30.93      10 

2:E8        2 
8.31        3 
8.99        3 

4.63  4 

IS    l 

7.14        6 

7.64  7 

7.90        7 
8.24        7 
8.66        8 
8,86        8 
9,12        8 
9.37        8 

s.eo      8 

9.82        9 

10.02        9 
10.20       9 
10.37        9 
10.63        9 

io:8i    ! 

11:05      K 

9.82  ! 

11.36      10 
11.43      to 

11.61      11 

1:72      11 
1.78      10 

1.83  10 
1.88      10 

11.93      10 

12:01     1< 
11.04      10 
12.08     10 
12-1        10 
12.1        10 
12.1        10 

12.1  10 

12.2  1( 

'ii 

11 

9.26 

8 

!« 

1833 

9 

!! 

JO 

14.SS 

S8 

M 

2Z.1T 

42 

23.70 

8 

24.78 

9 

48 

4B 

EO 

2S.2T 
25.60 

36.71 
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9 
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Idintlty  ot  Machlna  and  Engineering  gtructur*. — An  anxlneerliiK 
Kmcture  Ui»t  perfomiB  a  useful  lervice  Is,  In  oasence,  a  machinai 
A  rallwar  la  a  machlno  tor  ma  ruiTa  during  traneportatlon.  A  MrMit 
or  toad  ta  port  or  a,  almllar  machine,  Ihe  vehlclea  being  the  other 
pan.  Bulldl&sa  Bre  part  o(  a,  manufttcturluK  plant.  Bven  trben 
bolU  mardy  to  rent,  they  are  macblQea  lor  producloK  reotsble  floor 

Id  aolviiiK  problema  In  englneerlDK  economics,  the  young  engineer 
■111  be  Breally  aided  by  keeping  Id  mlDd  this  identity  of  what  la 
commonly    coiled   a    "machine"    and   What   la   commonly   called   a 


Problem  I.    Which  o(  Two  New  Machine!  (or  8tructuraa)  te  ••- 
Uct.— This  problem  consists  In  determlnlnK  which  machine  yields 
the  desired  number  ol  unite  ot  product  at  the  lowest  cost. 
I«t 

I''  =  niunber  of  units  produce 

c=  QiBt  cost  of  the  Zd  machine. 

D  ^  per  cent  ot  annuai  renewais,  or  annuity  In  slDklng  fund  tor 

1st  machine. 
d^per  cent  of  annual  renewals,  or  annuity  in  sinking  fund,  tor 

id  machine. 
fi  =  por  cent  of  annual  repairs  for  lat  machine. 
r  =  |>er  cent  of  annual  repairs  for  2ii  nuichine. 
J  =  per  cent  of  annual  Interest  on  capital. 
0  =  annual  operating  expense  of  let  machine. 
osannual  operating  expense  of  2d  madilne. 
[f~  =  unlt  cost  of  production  with  1st  machine. 
K  =  unit  coat  of  production  with  2d  machine. 

O  +  RC  +  DG  +  IC 


(1) 


N 


&DC«  n  must  be  less  than  «,  to  warrant  the  selection  ot  the  1st 
■aacfalne  In  preference  to  the  second,  we  have 
O  +  SO  +  DO-t-IO        o  +  TC  +  de  +  Ic 

'" ;; <  — z 

OrdlnarllT.  the  number  of  unlta  to  bo  produced  by  each  of  the  two 
machines  la  equal,  or  IT  =  n.    Then  we  haYO ; 

(I)     O  +  BC  +  DC  +  IO    <o  +  rc  +  dc  +  Jo 

Bipresaed  In  words  we  have  this  criterion : 

Select  tht  (nochlne  that  thatog  (ha  least  mm  of  thete  four  ttama 
of  cott:  (IJ  oanual  operating  expeme,  (i)  average  onnual  repoirs, 
W  average  atuuial  rgnetoaU,  and  (i)  annual  intereet  on  the  (»ue»t- 
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motliod  in  voKue  on  railwara.  O  ia  the  reclprooU  of  the  lite  of  ■ 
machine,  hence  tor  a  locomotive  havinc  &  life  of  2(  re(m>  D  ia  4%. 
By  the  method  often  used  for  Bneller  plants,  D  la  the  annuity  placed 
in  a  elDklnB  fund  to  redeem  to  the  Investment  In  a  machine  at  the 
end  of  Its  life.     In  the  first  case^  renewals  are  treated  like  current 
expenses  for  repairs,  and  this  Is  Juacllled  where  a  larte  nnintMr  of 
plant  units  of  different  Bges  are  In  operation- 
Formula  (4)  can  be  put  In  another  form,  thus: 
<6)     l(C  —  c)   <    (0  +  re  +  da}^(O  +  B0  +  D0J 
A  BtlU  more  common  form  la  this: 

(0^rB  +  dc}  —  (O  +  R0  +  DC} 

(B)     C  —  e  <   

/ 
Bstuaea  tv>o  new  tnoehlnsa  of  equal  eapaeUy,  (Ike  kiffher  first  ooat 
of  one  la  ecoHomlcallv  ytistl;led  wAen  Ua  exoata  eott  <•  leM  titan  tke 
eapttalinad  taving  in  annual  opsratlnn  and  mafntsnonce  txfenttt  Sim- 

For  the  benefit  of  young  englneera  the  mesnlns  of  the  word 
"capltBllie"  should  be  explained. 

To  caiiftaXae  an  annual  expense  constats  In  dividing  It  by  the  ntt* 
of  Interest  at  which  money  can  be  borrowed. 

Thus;  It  a  man  le  required  to  perfonn  a  certain  class  ot  woric  at 
an  annual  expense  ot  |(00,  and  If  the  rate  of  interest  Is  <%,  the  cap- 
italized cost  of  this  annual  expenae  la  |8D0  .^  E%  =  (10.000. 

Rererttng  to  the  rule  tollowlnK  formula  (fi)  we  aee  that  It  Is  tha 
one  which  WelllnKton  baa  applied  to  the  various  problems  of  rail- 
way location  In  his  "Sconomlc  Theory  of  Railway  L,ocatlon."  I 
prefer,  however,  to  use  the  criterion  as  given  In  formula  (B),  because 
sight  la  not  then  loat  of  the  fact  that  maintenance  expenaes  are  a 
fimctloD  ot  the  tirat  coat  of  the  machine  under  consideration.  That 
thia  Is  an  Important  Improvement  over  Wellington's  criterion  will  be 
aeen  when  one  examines  Wellington's  data  on  the  maiatenance  of 
locomotives,  as  well  aa  other  maintenance  data  In  hla  book.  There 
the  maintenance  La  recordeil  not  a*  a  percentage  of  the  firat  cost  ot 
the  locomotive  but  in  the  troln-mlle  as  the  unit  Tet  Wellington 
Imew  that  the  flrat  cost  was  a  factor  tn  maintenance  cost,  for  he 
saya  (p.  144  ot  hla  book)  :  "Half  the  total  cost  ot  engine  repairs 
varies  as  the  weight,  and  half  is  Independent  thereof."  Incidentally, 
I  may  say  that  he  was  entirely  wrong  In  tl:ls  conclusion,  for  the  cost 
Ot  annual  repairs  varies  almost  directly  as  the  weight  ot  a  locomo- 
tive. Again  he  speaks  (p.  148)  of  the  tact  that  panenger  engines 
cost  about  20%  less  for  repairs  than  freight  engines,  wltliout  recog' 
nlilng  that  the  difference  In  weight  and  first  cost  was  what  ac- 
counted tor  this  difference  In  repaira 

Porrnula  (3)  or  <C)  should  be  invariably  used  not  only  by  engi- 
neers who  are  selecting  or  designing  machinal  (or  a  given  purpose, 
but  by  engineers  who  are  designing  structures  of  all  klnda  I  have 
already  stated  that  engineering  structurea  ahould  be  regarded  either 
as  machlnea  or  aa  parte  ot  machlnea  At  firat  eight  It  may  appear 
that  some  structurea  are  not  at  all  like  i 
aeemlngty  Iiave  no  operating  expense  (0 
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la  t)M  cua  of  a  country  rood,  for  ezampla.  the  Itsm  of  op«r«Uiw 
»»ltiit*  (O)  may  appear  to  be  DOD-exl>teat :  altbouiJi,  in  fact,  a 
Httl*  tbootftt  make*  it  clear  that  the  onnera  of  the  horaea  and 
■■vooa  motor  caxa,  etc.,  pay  this  operating  expenae.  which  ahould 
b*  ai  ocrtalulT  conildarad  by  the  enKlneer  who  la  locatluK  and  de- 
rignbic  a  rt>ad  or  atraet  as  It  would  tie  conaldered  If  he  were  locating 
tad  dwl^nlng  a  railway. 

Id  certain  daasee  gf  work,  nrloua  error  will  occur  If  there  1> 
bllnre  to  give  proper  canaideratlOD  to  N  and  a  In  formula  (t). 
Thli  li  atTtkliiKly  aeen  la  the  ordinary  dealgtia  ot  country  hlgtawaya 
vboe  failure  to  determine  the  Dumber  of  ton-mUee  (=W>  to  be 
baaled  aimnaUy  leada  to  the  most  faring  blundera  In  deolsnliis  the 
nad. 

In  aelectliv  an  eoslne  for  a  elven  purpose,  the  nme  error  la  (re> 
qnot  The  engineer  whoaa  mind  la  fixed  upon  economy  of  fuel, 
(or  example,  la  very  apt  to  chooia  a  type  o(  engine  ao  eipenalve  In 

tut,  coat  tliat  the  unit  Intereat  ta  ao  greatly  Increaaed  aa  to 

ooeed  greatly  the  unit  fuel  aavlng. 

A  bhmder  often  maile  by  contractora  la  the  aatectlon  of  a  maeblne 
Owt  la  too  large  for  the  work  In  hand.     Not  only  doee  too  larc*  a 
e  the  unit  Intereat  and  unit  maintenance,  but  It  often 

-,  due  to  the  fact  that  Its 

:t  from  place  to  place.  ThIa 
M  particularly  true  of  large  ateam  ahovela  used  on  amall  excavationa 

The  Itan  of  operating  expense  (O),  an  the  term  ■■  here  uied, 
hMilnaea  superrlalon,  taxCK  labor  (except  for  maintenance),  fuel 
and  other  auppllea  materiala  etc 

Borne  atatlstldana  InMat  Ibet  taxea  ahould  not  be  regarded  aa  an 
vnatlng  axpanae,  beianae  unit  taxea  tend  to  Increaae  while  other 
^t  operatlDg  Itema  tend  to  decrease  as  the  plant  growl  In-  alae. 
■van  If  tbla  were  true^  I  fall  to  aee  lufllclent  reaaon  for  ■egrwatlng 
taxea  with  fixed  chargea.  But  I  deny  the  truth  of  the  statement  that 
ndt  taxea  muat  neceaaarily  Increaae.  If  corporations  have  lied  to 
(ax  aaaeaaoTi;  then  imlt  taxea  do  eventually  Increase  when  the  Ilea 
■ra  found  oat,  and  that  la  predaely  what  haa  caused  moat  of  the  In- 
craaaa  in  nnlt  taxea  la  recent  yeara.  The  aubjecl,  however,  la  not 
one  of  aulllclent  importance  in  thla  connection  to  merit  more  than 
l»aalnK  notica 

The  Item  of  annual  repelra  <SC7)  la  commonly  undereatlmated, 
and  la  grosaly  nndereatlmatad  In  the  majority  of  Instances  that  I 
faave  aaen  In  [nInL 

Tbe  coat  of  annual  repair*  ta  not  a  constant  tor  each  year,  but 
tacreaaea,  at  leoat  tor  a  time,  as  the  plant  grown  older.  Hence.  If 
ealliimliia  of  maintenance  are  baaed  upon  the  maintenance  costs  dur- 
ing the  earlier  part  of  the  life  of  a  machine  (or  struoture),  seri- 
ona  errora  result.  This  subject  will  receive  consideration  at  greater 
loigth  In  aubaeooent  pagea 

TtM  Item  of  renewals   iDOi   relatea  to  entire  renewal*  of  plant 
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nalla.  such  a^  the  tntlre  renewal  oT  a  locomotive.  The  rate,  D,  may 
bo  the  reciprocal  ot  the  life  ot  the  plant  unit  Thua  If  the  life' Is  20 
yeara,  the  annual  rate  ot  renewal  (D)  la  6%.  Many  engliieera  pre- 
far  to  use  the  annuity  deposited  In  a  sinking  funij.  Instead  of  this 
rate  of  renewal,  D.  In  such  a  case,  use  Table  III.  For  example,  a 
life  of  10  years,  with  Interest  at  5%.  would  require  an  annual  fle- 
poslt  of  10.0372  to  redeem  ll,  which  Is  equivalent  lo  t.1Z%  rate  to 
ba  used  Instead  of  the  B%  obtained  by  the  straight  lino  fomiula. 

I  prefer,  however,  not  to  use  the  sinking  fund  method  In  cases 
where  a  large  number  of  similar  plant  units  are  under  consldera- 
llon,  as  In  the  case  of  a  railway.  The  reasons  tor  this  preference 
will  be  given  subsequently. 

Problem  ii.  When  to  Retire  An  Old  Machlns  In  Favor  of  An 
Improved  or  Larger  One.— Like  problem  I,  this  problem  Involve* 
the  determination  of  unit  costs  of  production.  We  shall,  therefora, 
use  the  same  ayrobols  as  on  page  17,  with  the  addition  of 

ci  =  salvage  value  of  the  old  machine. 

Then  (he  unit  cost  of  production  with  the  new  machine  will  be 
O  +  aC  +  DO  +  KC  —  eQ 
~  K 


Since  P  must  be  less  than  h  to  warrant  the  purchase  of  the  new 
machine,  we  have 

0  +  RC  +  DC  +  I(C~c,)        o  +  rc  +  do  +  Io 

<9) _    <:  . 

N  H 

Ordinarily  the  new  machine  is  expected  merely  to  turn  out  as 
many  unlta  of  product  as  the  old  machine  Is  already  delivering.  In 
which  case  N  =n,  and  we  have 

( 10  )      O  +  RG  +  DO-i-KC  —  eO  <     o  +  re  +  lic  +  /o 
C  — (-0+  f  O  +  RC  +DC)  —  f  0  +  ro  +  ic) 

In  words  this  means:  Tfie  purcftoie  of  an  Improtied  mochfite  of  th« 
some  capatHli/  aa  the  oM  <>  econo-mically  justlfled  uiften  tt»  exoeat 
flrtt  cofl  over  the  sum  of  the  flrat  cost  and  talvage  value  of  the  old 
machine  is  less  than  the  capUaUxed  tatHng  In  annual  apsratlHH  ex- 
penae  and  mafntenoncB  effeetcd  i?!/  (he  new  macMne. 

If  o,  =  o,  formula   (11)   becomes  Identical  with  formula   (<),  be- 
cause the  old  maohtna  has  then  perished,  and  we  are  comparing  two 
entirely  new  machinea  If  the  old  machine  can  be  disposed  of  for  Ita 
full  flrst  coat,  then  Ci  =  c,  and  formula.  (11)   becomes; 
(O  +  BC  +DCJ  —  (o  +  rc  +  de) 

(IB)      0  —  tn   <    

/ 

DxpreaMd  In  words  this  Is :  If  an  aid  nuicAitte  hot  a  salvage  nolite 
e<tual  to  tie  full  Jlrst  cott,  the  purehaee  of  an  Improved  mocMtui  <• 
iuaHfitd  if  the  exeeaa  cost  of  the  neu  mooAfne  over  double  the  flrM 
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•w«t  of  IA«  old  macMiw  it  iFraater  than  the  eapUalixad  taving  in  (M- 
iTKiJ  operating  expeiua  and  molHtetioiice  tffecttd  b]/  th«  ntv>  macKin*. 
Tbls  Is  a  condition  rarely  aitatioK,  but  It  Is  well  worth  rsmerotier- 
Ine  %■  Indicating  an  extreme  case  which  mar  be  Approached  more 
or  leM  closely  at  Umea. 

TIM  Ufa  of  a  Machln*  or  Structure  and  the  Orowtt)  of  Annual 
Repairs. — Probably  no  aubject  In  englneerlDg  economlca  haa  been 
CDTcloped  In  a  grreater  haie  of  contradictory  oplnlona  than  thia 
Kaoy  eminent  enKlneer*  maintain  the  doctrine  that  the  curve  of 
annnal  maintenance  resembles  Bome  sinking  fund  accumulation 
em-ie — a  doctrine  that  resta  wholly  on  ■i)eculatlon  and  has  never  had 
a  tingle  curve  of  actual  malnCanance  coet  adduced  In  Its  support.  So 
tmx  OM  1  have  been  able  to  discover.  Actual  curves  of  machine  re- 
palia  of  Individual  machines  are  ordinarily  not  regular  curves  at  all, 
bnt  are  saw-toothed  lines,  usually  of  great  irregularity. 

Am  fairly  typical  of  a  large  class  at  machines^  I  will  take  a  rail- 
way freight  car,  whose  wheels,  axles,  brasses;  brakes,  draw-bars, 
tmasea,  paint,  etc,  constitute  the  separate  ports  subject  to  the  wear 
BDd  tear  dua  to  use  and  exposure  to  the  elements.  The  life  Of  each 
of  tbeae  parts  la  the  average  Ufa,  and  the  cost  of  renewal  of  the 
Mrt  la  the  cost  ascertained  by  deducting  the  scrap  value  from  the 
original  value  of  the  part  In  place.  This  Is  not  strictly  correct,  for 
the  labor  of  renewing  a  part  Is  usually  greater  than  Che  labor  origi- 
nally Involved  In  oxsembllnB  the  parta  For  our  present  purpose, 
however,  this  dllference  Is  not  material. 

Table  VI  gives  the  data  for  a  small  box  car  of  about  30,000  Iba 
t^iadty,  and  will  serve  our  purpose  if  we  bear  In  mind  that  It 
dgbtly  underestimates  the  actual  cost  of  renewals  of  parts,  for 
the  Teaaoo  above  given, 

TABi.a  VI. — Box  Cjui  Bsfaihs. 

Trmek:                        Flral  Scrap  Net  cost  Life;  annual 

Item.                             cost.  valua  repaira  yeara  repalra 

<I)      Wheels    f   SO  t   K  f  GE  4  tlS.TE 

<t)      Axles    ie                   IS  30  i  8.1E 

<1>      Brasses    10                     4  ■  t  !.D0 

<4)      Frame    ftS                   !E  10  SG  1.00 

Total  truck..tZ40  t  79  (111  . .  fil.GO 

(S>  Brakes t  10    '        f     S             f     S  8             I  1.g3 

<e>  Dmw-bars    ...  29  a  13  6  3.83 

(T)  Frame    00  10  ED  IE  t.tS 

(g>  Roof   i»  4  IS  S  3.12 

(9>  Floor 12  1  11  10  I.IO 

(10)  Bides    44  t  42  ZO  3.10 

(11)  PalnUng    S  0  8  7  1.14 

<I2)  TriRunlngs  ...  20  3  17  ID  0.8G 

(11)  Trasses    6  3  3  20  O.IB 

Total  box   ..I21S  i~3i  3187  ..  I1B.9E 

Grand   totaLMEB  3110  3348  f38.4B 

There  are  13  parts  given  In  Table  VI.     If  we  odd  their  lives,  aa 

gfven  In  the  last  column,  and  divide  by  13,  we  get  1Z.2  years,  which 

might  be  called  the  "unweighted"  average  life.    It  Is  obviously  not 
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If  we  divide  the  total  av«ra«e  amiDal  r^mlra,  ttg.iG,  into  tM 
total  net  com  of  repairs,  }I4S,  wo  get  9.1.  which  ha*  been  caUed  the 
"avarase  l[fe  of  the  car,"  but  tbls,  too.  Is  deceptive.  Kor  would  It 
be  more  correct  to  divide  the  total  flrat  coat,  |4G8,  br  138.46,  for 
the  quotient,  11,9.  !■  not  the  average  Ufa  The  tact  le,  that  the  aver- 
age life  o(  a  car,  talcen  as  a  whole,  bears  no  necessary  relation  to  the 
average  life  of  any  or  all  Its  parte,  as  will  be  CKplalned  more  fully 
later  on.  Average  annual  repairs,  such  as  the  |3g.4G  given  in  Table 
VI.  Is  an  item  Involving  credits  lor  scrap  value,  thus  making  It  Im- 
possible to  derive  the  average  life  of  the  parts,  tislog  lite  In  any  true 
sense  of  the  word.  The  average  life  of  a  machine  Is  not  deducible 
(roni    Its  average  annual    repaira 

Referring  to  Table  VI,  we  See  that  the  life  of  the  frame  of  the 
truck  Is  S6  years.  Therefore,  before  the  frame  requires  renrnnU, 
nearly  all  the  other  parts  will  have  been  renewed  several  tlnMI.  It 
the  frame  were  assigned  a  life  of  40  years,  there  would  not  be  ft 
single  part  that  had  not  reaulred  at  least  two  Uvea  to  equal  the  llfa 
of  the  frame.  But  the  life  of  the  longaat  lived  part  does  not  ItMlt 
determine  the  life  of  the  machine,  for.  as  In  this  case  ot  the  car,  a 
new  truck  frame  might  be  provided  at  the  end  of  35  yeara  Then 
the  car  would  be  prepared  to  ko  on  living  another  3S  yeara 

We  see,  then,  that  the  average  life  of  a  machine  taken  as  a  whole 
may  bear  no  necessary  relation  to  the  average  life  of  any  of  It^ 
parts,  even  of  Its  longest  lived  part.  The  fact  Is  that  the  actual  Ufa 
of  most  machines  Is  determined  by  no  self-contained  elements  cl 
destruction,  but  by  "Improvements  In  the  art"  or  by  Increase  In  the 
service  required  of  the  machine,  necesaltatlog,  In  the  Qrst  cose,  nn 
Improved  machine,  and.  In  the  second  case,  a  larger  machlna  The 
death  of  most  machines  Is,  therefore,  caused  by  obsolascntoe — tha 
machine  having  outlived  Its  economic  usefulness,  though  still  cap-' 
able  ot  rendering  service.  In  America,  the  actual  average  lite  of 
railway  cars  and  locomotives  has  not  much  exceeded  30  to  Si  years.' 
In  Ehirope  and  England,  cars  and  locomotives  more  than  liaU  a  cen- 
tury old  are  In  common  use  yet.  On  the  whole  Northern  Paclflo 
Hallway  (U.  8.)  the  oldest  locomotive  Is  only  SS  years  old.  8uch 
la  the  difference  In  obBoleacence  In  America  and  Europe.  In  a.  grow- 
ing community  It  IB  obvious  that  obsolescence  of  certain  classes  of 
machines  will  be  much  more  rapid  than  In  a  community  whose 
growth  la  slow.  Thus,  a  pump  may  economically  serve  a  water- 
works In  a  growing  community  not  longer  than  ten  yaa-rm.  while  the 
•ame  pump  might  economically  serve  a  non-gmwlng  community  for 
thirty  years,  or  more^  provided  no  radical  Improvement  In  pump  de- 
sign were  effected. 

In  America  we  have  had  not  only  rapidly  growing  communities, 
but  Ingenious  men  and  aggressive  business  managers  who  have  been 
little  hampered  by  labor  union  retistance  to  Improved  machinery. 
Hence  obsolescence  of  machinery  due  to  "improvements  in  Ihe  art" 
has  played  a  very  Important  part.  I  think  I  am  safe  In  saying  tlwt 
the  vast  majority  of  machines  In  America  liave  liad  a  life  averaging 
not  to  exceed  about  ZO  years.    Often  the  life  ot  certain  classes  haa 
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Mt  bMB  Ov*  jrear&  Wltneaa  the  ahort  life  at  cable  raUwrnira  Id  our 
hue  dUes.  doe  to  tba  rapid  Improvement  In  electric  car  tranqMnta- 
Ofib  CaMvwar  nrstema  had  been  hardly  Installed  In  New  York  and 
FhOtdelplila  before  they  were  tern  out  to  make  way  for  electric 

Vblle  the  total  actual  lite  of  a  machine  I*  unuOly  lndei>endent  of 
Uw  usount  of  service  it  rendera,  but  ta  usually  determined  by  obao- 
iMCttcvb  the  life  of  the  parte  of  the  machine  la  determined  by  three 
lutars:  (1)  The  activity  of  uee;  <£)  the  care  In  lubrication,  etc. 
to  rednca  wear;  and  <t>  the  amount  and  character  of  expoaure  to 


Aetlvitr  of  naa  Is  an  exceedlnsly  Important  factor  In  the  wear  ol 
BDM  ■"■■*''«»  parta.  Beaaa  records  of  r^Hitr  coats  ahould  give 
now  natcment  of  work  done  that  will  indicate  tlte  activity  of  the 
Bwhlna  Thus;  the  car-miles  per  year  will  show  the  activity  of  & 
or.  The  nmnber  of  hours  of  actual  work  per  year  la  often  a  suffl- 
chat  Index  as  to  work  done.  A  steam  road  roller  usually  worka 
aboet  IBD  days  ot  10  hours;  or  I,ODO  hours  per  year.  A.  locomotive 
anally  worka  nearly  three  tlmoe  that  number  ol  hours,  and  Its  an- 
nul repalTB  form  about  three  times  aa  Kreet  a  percentage  of  the 
tnt  coat  as  the  percentage  of  repair  coat  of  a  steam  roller. 

A  rock  drUl  working  two  ehlfta  of  S  houre  dolly  will  show  almost 
twice  the  uTiTinai  repairs  Incurred  when  only  one  dally  shift  is 
wwked.  Inddentally,  I  may  add  that  under  severe  and  constant 
iwite^  Ebe  annual  oost  ot  repairs  of  a  rock  drill  may  exceed  the 


Fnnuaately  there  are  many  classes  of  service  that  differ  so  little 
itait  annual  repair  costs  or  life  of  parts  can  be  correctly  Judged 
•tthnt  having  at  hand  a  statement  as  ta  the  precise  activity  of 
Hit  machine. 

Let  us  now  plot  the  cost*  of  car  repairs  given  In  Table  VI.  so  as 
IB  nana  a  curve  of  actual  annual  repalra  To  do  so  we  must  first 
IdaJate  the  recaning  coats  of  renewals  of  parta  given  In  Table  TI 
u  foBows: 

End         Itema  Total 

ot  year,      rroalred-  H«pHlra 


None   None 

(S)    Brasses    S      " 

(1)   Whoola   I    L. 

None   None 

(I),   (B)   and  (9)    "    " 

Sll5    
1),  <S)  and  (S) 


(l>V(i),''<6rMd(8K  ".;!'.■.'-■.■."■.'..... I 

( uT  .'.■.■.".'.'.'.'.'.■.'.■.■.'.■.'. '. ; '. '. '.  ■. '. '. '. '.  -  -  '•  '■  ■  "f 

(3)  and  (7)   I, 

O),  (!)  and  (g) |j. 

(Ih*{6)'MdVe)'.'.'''.'.'.'.'.'.'.'.'.'.'.'.'.'.-*'.'.r 

None   » 

<11.  IB),   (10).   tlS>  and  (IS) • 
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Plotting  the  total  anniuJ  rapeilrs.  for  thli  20  year  period,  ve  liAve 
the  "curve"  shown  In  Fig.  1,  which  bears  no  rewmblance  whatever 
to  the  "slnklns  fund  curve  of  depreciation-" 

I  have  not  carried  the  "curve"  out  to  the  SS  year  period  (the  life 
of  the  truck  frame),  since  our  present  purpose  is  fully  served  by 
considering  the  10  year  period. 
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FlR.  1.     Repairs  of  Freight  Car. 


This  saw-toothed  "curve"  of  annual  repairs  of  Individual  cars 
obviously  will  resolve  Itself  Into  a  stralxht  line  If  the  total  anaual 
repairs  to  a  large  number  of  dlfTereat  cars  of  slightly  different  ages 
Is  taken.  During  the  first  eight  years  of  life  of  a.  group  of  wooden 
box  cars,  the  total  annual  repairs  will  Increase  rapidly,  but  after 
that  there  win  be  comparatively  Iltlle  Increase  In  the  totals  for 
each  year. 


r 
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Hm  m«im  tnaera)  Ian  holda  of  al!  machines  In  aotlvs  and  ngu- 
hr  aervlc«.  For  a  period  thera  will  be  a  ilaing  coat  of  repalri^  d»- 
tennined,  aa  to  rapidity  of  rise,  by  the  life  and  cost  of  the  various 
parts.  Brentually  the  curve  of  r^alrs  will  became  a  san-tooth  line, 
vtioae  general  direction  Is  either  horizontal  or  slightly  aeceDdlnK.  In 
vo  class  of  machine  of  which  at  present  I  have  knowledge  Is  there  a 
repair  carve  bearInK  the  remotest  resemblance  to  a  curve  derived  by 
pkiitinK  any  function  of  any  "slnhlnx  fund  lormuls." 

I  should  leave  the  discussion  of  this  subject  In  somewhat  Incom- 
plete form  were  I  not  to  touch  upon  such  structures  (or  parts  Of 
machtnes)  whose  life  is  terminated  by  the  various  forms  of  chemi- 
cal chaOKe.  The  rustlne  of  iron,  the  rottlnE  of  wood  (due  to  funKl)> 
the  decay  of  asphalt  (due  to  little  understood  chemical  action),  and 
Tailous  other  forms  of  plant  deterioration  fall  Into  one  general  claas 
for  which  It  may  be  possibly  claimed  that  annual  repairs  ol  Indlvid- 
OBl  units  follow  Bomo  sort  of  regular  curve,  ascending  rapidly  to- 
ward the  close  of  life.  I  think  that  the  reasoning  that  has  led  to 
SDCh  a  belief  can  readily  be  seen  to  be  fallacious,  It  we  start  out  by 
drawing  a  sharp  distinction  between  the  annual  repairs  required  by 
a  ain^a  unit  and  the  annual  repairs  of  a  group  of  similar  units. 

Let  ua  talie  a  railway  crons-tla  of  untreated  yellow  pine,  for  ex- 
ample-  If  we  confine  our  attention  to  one  tie.  we  shall  And  that 
tor,  say,  7  years  it  gives  perfectly  uniform  service  without  requir- 
ing any  pertlcular  attention.  Then,  perhaps,  the  qualities  by  virtue 
Of  which  It  has  resisted  decay,  begla  to  depart,  and  rot  fungus  gains 
a  bold  here  and  there.  The  growth  of  this  fungus  under  the  rail 
may  result  In  the  decay  of  the  wood  fibres  to  such  an  extent  that  a 
Vike  works  loose  and  (he  track  foreman  finds  it  necessary  to  pull 
the  ^Ike  and  drive  It  In  another  placa  Some  time  later  he  may 
shift  the  tie  slightly  and  redrlve  all  the  splkea  Finally  he  decides 
that  the  tie  Is  bo  weakened  by  decay  as  to  be  unsafe,  and  removes 
II.  The  current'  repairs  (the  spike  pulling,  shifting,  etc.)  have 
been  >d  slight  In  cost  as  to  be  entirely  negligible  when  compared 
wttfa  the  one  great  repair  of  entire  renewal  of  the  tie.  Hence  there 
exlata  no  curve  of  repairs  for  this  single  tie  at  all.  Other  than  the 
one  final  upleap  In  the  "curve."  due  to  Its  renewal. 

Ijet  Txa  see  now  what  happens  to  a  trroup  of  the  same  ties.  Kaoh 
tie  differs  slightly  from  the  others,  both  In  Its  physical  and  chemi- 
cal make  up.  The  character  of  the  service  differs  also.  One  tie  Is 
near  a,  rail  }olnC  another  la  not.  Some  ties  are  on  curves,  some  on 
Some  are  near  soil  where  the  spores  of  rot  fungus  are 
I,  others  are  not.  Hence  at  the  end  of,  say,  C  years,  some 
lies  are  so  badly  rotted  that  they  must  come  out  of  the  trade ;  at  the 
end  of  10  years  many  ties  are  still  In  service,  although  the  great 
majority  may  have  been  removed  at  the  end  of  8  or  9  yeara  Now 
U  Tft  plot  the  curve  of  annual  tie  renewals  of  this  group  of  ties,  wo 
■hall  And  It  following  the  zero  line  for  5  years,  then  slightly  ascend- 
inC  until  about  S  years  when  It  takes  a  sudden  leap  upward  for  a 
year  or  two — and  all  is  over.  This  tlnal  action  and  sudden  rise  in 
tb«  renewal  curve  Indicates  the  somewhat  varying;  lite  of  the  dUCer- 
e«t  ties,  and  nothing  mora. 
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The  repair*  of  an  asphalt  pavement  ehoir  a  Mmllar  audden  liM 
toward  tba  end  of  tlia  life  of  the  asphalt,  and  tor  atmllar  roasooA 
Bach  square  yard  of  the  asphalt  may  be  rexarded  aa  A  unit  similar 
to  a  railway  tie.  Slight  oTiglnal  diaerences  In  cbetnioU  and  pliyal- 
cal  constitution  eilat  In  the  different  SQuare  yarda  Dlllerences  In 
severity  of  traffic  exlat  In  dICFerent  places.  Hence,  aa  Id  the  casa 
of  a  group  of  railway  ties  □(  the  same  age,  there  will  he  dlSersncss 
In  the  life  af  dlfTerent  square  yarda  of  asphalt.  This  will  show  In 
me  sudden  rise  ol  annual  repairs  of  asphalt  pareuent  otter  IS  Co  20 
years  of  life. 

In  general,  any  machine  or  structure  consisting  of  a  number  ot 
parts  of  equal  age  and  subject  to  about  the  some  expoaure  to  the 
elemenCa  or  to  wear,  will  have  a  curve  ot  repairs  that  will  eventu- 
ally talce  a  sudden  rise.  This  ri«e  <it  repairs  <*  sfrnplv  the  svjdvnce 
of  (he  termination  ot  the  life  of  the  ermip  of  units  eompetiiig  the 
fflochlne  or  atructtire.  If  the  machine  or  structure  Is  ot  a  kind  that 
permits  the  economic  renewal  of  each  of  those  units  by  Itself,  as  In 
the  case  of  railway  ties  or  rails,  no  problem  In  economics  presents 
Itselt 

There  Is  obviously  nothing  to  do  but  to  renew  each  unit  as  rapldlr 
as  It  reaches  the  limit  ot  Its  endurance. 

If,  on  the  other  hand,  the  units  are  so  Interrelated  that  the  renew- 
al of  single  units  Is  more  expensive  than  the  renewal  of  the  entire 
group  ot  units  at  one  tlma  then  a  problem  In  economics  does  pre- 
sent itself,  the  question  being  this:  When  does  the  rlslnc  curve  ot 
cost  of  repairs  to  the  expiring  units  reach  a  point  where  It  beconwa 
economic  to  abandon  the  entire  group  of  units  and  procure  a  new 
group  of  unltsT 

Tills  problem  is  not  one  that  conies  before  many  classes  ot  engt- 
jneers,  but  It  does  present  itselt  to  highway  engineers,  particularly 
'  In  connection  with  repairs  to  asphalt  pavements.  In  view  of  this 
fact,  and  because  several  entirely  erroneous  solutions  of  the  prob- 
lem have  been  published  by  engineers  eminent  in  the  netd  of  highway 
engineering,  I  have  prepared  a  correct  solution  ot  the  problem.  (Se* 
page  27.) 

While  on  the  subject  of  repairs,  it  may  be  well  to  discuss  briefly 
the  Identity  ot  repairs  and  renewals  In  cases  where  a  plant  Is  belns 
operated  with  a  large  number  ot  plant  units  of  different  ages. 

A  railway  Is  a  plant  for  manufacturing  transportation,  as  Wei- 
llugton  has  well  put  it    The  principal  plant  elements  are: 

1.  Boadbed. 

2.  Ballast. 
J.     Ties. 

4.  Ralls. 

i.  Buildings. 

t.  Rolling  stock,  or  equipment. 

7.  Repair  shops  and  tools. 

Unor  repairs  ot  roadbed  and  track  are  being  eonatantlr  madA. 
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A  bolt  la  Tenew«d  ber«,  n  wUm  there,  a  bit  of  ballaat  In  another 
ptuc — all  Toaawala  of  plant  on  a  minor  scale.  About  10%  of  Ihe 
■DOdm  Ue«  are  replaced  annually— r«iiewala  aealn,  though  on  A 
lucar  acalc  About  G%  of  the  ralle  are  replaced  annually — Mill 
nore  renewals.  About  4%  of  the  care  and  locomotlvea  are  entirely 
Konred  annually — nmewaU  on  a  still  larcer  ecale.  But  from  the 
mn-oat  track  bolt  to  the  worn-out  locomottve^  we  have  renewals 
ot  plant  elanoitA  varylUK  In  slie  and  coM.  It  ■■  true,  but  dUterlns 
not  ate  whlt  In  the  i-eMl  character  of  the  proceoa. 

Bildeatly.  then,  after  any  large  plant  has  been  In  use  tor  a  eon- 
iU«able  perltp  of  yeara;  there  1b  no  logical  raaoon  for  dletlnaulBh- 

' —  ' ~' — T  renewals  (called  repairs)   and  major  renewals 

>r  "entire  renewal^').  Ther  are  all  one  and  tbe 
I  (act,  dlCFering  only  In  degree.  Accountants  have 
I  for  a  century  or  more  about  the  dire  consequences  of 
a  provide  alnklng  funda  for  the  redemption  of  large  plant 
at  tbe  expiration  of  their  life.  But  the  great  majority  of 
s  of  railways,  lifting  companies,  mills,  factories  and  mines, 
tars  Ignored  Ihe  arguments  of  the  accountants,  and  have  gone  right 
(B  vltbont  providing  a  fund  (or  renewal^  but  regarding  renewals 
u  Idmlicallr  the  same  in  nature  as  repaira  In  this  I  conceive  ttiat 
tk«y  have  been  rl^t. 

Tbe  mftnageTa  and  owners  of  plants  have  known,  what  accountants 
la*e  Ignarsd,  that  money  Is  worth  more  to  a  company  (or  uae  In 
oaenabMU  and  bettsrmenta  of  plant  than  it  could  possibly  bring 
ky  pladBK  It  In  a  alnklng  fund,  since  ail  alnklng  funds  draw  com- 
varatlYely  small  interest.  Thia  has  undoubtedly  been  a  strong  actU' 
adng  motive — and  a  sound  one — with  plant  managers,  but  I  am 
■atitfed  that  the  Inherent  reasonableness  of  regarding  even  large 
lawwala  aa  repairs  must  have  appealed  Quite  aa  strongly  to  the 
managers  of  large  plants. 

ProWem  111.  To  Detarmtne  Whan  Repairs  Kava  Qrown  so  Oreat 
a*  to  Justify  Ranewal.— The  following  discussion  can  be  understood 
^ily  after  a  study  of  the  preceding  paragtapha 

nds  problem  is  one  that  seldom  arises  except  In  considering  the 
rapalr«  to  such  a  structure  as  an  asphalt  pavement,  for  reasons 
prertoodj  given.  It  the  rising  "curve  of  annual  repairs"  Is  either 
a  Btial^t  line  or  any  curve  which  can  be  expressed  as  an  equation, 
am  accurate  solution  of  the  problem  Is  i>os8lble  by  the  use  of  the 
iMt^>d  about  to  be  explained,  aided  by  the  application  of  differential 


Aa  approximate  solution  Is  possible  even  without  resort  to  the 
Uctier  malbematlcB,  as  will  be  now  shown. 

E»r  limpilclly  of  lUostratlon,  and  not  because  it  represents 
actual  condition*,  let  us  Orst  assume  that  repairs  Increase  at  a 
aalConn  rst&  It  Aonld  be  clear  that  the  problem  consists  in 
bsdlns  ttie  mtnlmum  auotlent  obtained  by  dividing  the  sum  of  the 
cot  of  tbe  structure  and  the  total  repairs  by  the  number  of  years 
durtnt;  which  the  repair  curve  has  been  steadily  rising. 
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C  =  flr«  oo« 
As  total  repairs  durlnK  1/  ye 
Then  when 

0  +  R 

Is  a   minimum   we   h 

V 

lontlnue  repatre, 


if  ateadllir  IncreaainK  repairs. 
the   period  beyond   whlcli   It   la 


Tke  average  atiitual  firtt  cott  plua  the  average  anrntal  repair  ooat 

We  need  not  consider  the  Item  of  Interest  In  flret  cost,  tor  that 
is  a  constant  that  goes  on  forever,  unaffected  by  the  period  of  re- 
newal of  the  structure.  To  those  acquainted  with  calculus  this  state- 
ment should  be  eelt-evldently  true,  and  to  those  who  are  not  fanillia.r 
with  the  higher  mathematics  It  should  become  self-evident  If  they 
will  consider  the  Item  of  annual  interest  as  being  entirely  analogous 


^!^ll 


Fig.    2. 


to  an  expense  for  sweeping  a  street,  a  cost  that  depends,  It  Is  true, 
upon  the  character  and  therefore  the  tlrst  cost.ol  the  pavement,  but 
one  having  no  bearing  upon  the  question  ot'vihen  an  old  pavement 
shall  be  replaced  by  a  new  one  of  the  same  sort: 

Let  us  assume  that  the  annual  reoalrs  rise  steadily,  at  the  rate 
of  4  eta  Increase  oer  year.  Let  us  assume  that  the  first  cost  of 
this  asphalt  la  |1  per  sq.  yd.,  not  Including  the  concrete  base  which 
la  permanent,  and  therefore  should  not  enter  the  problem  any  mo>-« 
than  should  the  cost  of  sweeping,  or  the  annual  Interest  on  th« 
Investment.     Then  we  can  show  tlie  "curve  of  repairs"  as  In  Fig.   J. 

By  a  series  of  approximations,  we  can  now  determine  when  tbe 
C  +  R 
value  of Is  a  minimum.    Let  us  first  assume  B  yeara    Th«a 


V=i.    The  total  repairs  during  tl 


9  five-year  period  c 


I  ba  resdily 
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CBlddUed  br  detenulntntt  the  area,  of  ths  trlaiude  ABC,  In  Flft  t, 

tax  e 

vblidi  la -=10.50. 

2 
Haooe  ire  have 

C  +  B_|1.Q*  + JO.BO 

which  IM  .the  averaga  annual  Qrat  coat  of  the  pavement  and  tta  re- 
pairs tor  the  S-year  perEoil.  It  this  seems  high,  let  us  Uy  a  4-year 
period.      Then  we  have  R  =  (0.32., 

C  +  H      11.00  +  10.32 

= =$0.32. 

BrHently,   then,   the  economic  period   la  not  less  than   6   yeara, 
•nd  may  be  greater-     Lat  ui  try  10  yeara     Then  «=:»2.00, 
C+R      11.00 +  J2.00 

=  ■ =  10.76. 

«  10 

r  the  E-year  period.     Let  us  try  T 

C4-B_»1.00  +  I0.fl8  _ 

Farther  tests  will  show  that  this  la  practically  the  minimum.  It 
Amid  be  noted  that  the  minimum  Is  attained.  In  thla  caaa,  when 
the  total  repairs  for  the  period  of  HsIhk  repairs  equal!  the  flrst 
coat  of  the  asphalt  wearing  coat.  Aa  a.  matter  of  fact,  this  la  a 
law  of  general  application  wherever  the  curve  of  rising  annual 
repalra  Is  a  straight  line,  that  la  wherever  repairs  Increase  annu- 
ally by  any  canatant  percentage.  I  will  prove  this  generalization 
by  the  aid  of  calculus  but  It  can  be  demonstrated  In  the  more 
TOcmdaboDt  and  prbnillva  way  above  used. 

In  all  cases,  no  matter  what  the  curve  of  Increaalnx  repairs  may 
bfe  the  method  of  plotting  the  annual  repairs  and  determining  the 
area,  to  ascertain  total  repairs  (R)  will  enable  anyone  to  find  when 
C  +  B 
■ la  a.  mlnlmtmi,  by  a  series  ot  approximations. 

For    the    engineer    who    Is    familiar   with    calculus    the   following 

method  will  afford  a  more  direct  solution  of  the  problem.    The  prob- 

C  +  R 

lem  la  to  determine  when  IC  H =  u  la  a  minimum,  u  t>elng  the 

V 
milt  annual  pavement  coat 

When  repairs  Increase  regularly  each  year,  by  a  rale  a,  then  the 
BQuatloa  of  a  straight  line  xr=ay  glvea  us  the  "curve  ot  annual  re- 
pairs."     Sinca  R  Is  the  area  ot  a  triangle  whose  base  la  v   (sm 
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Differentiating,  we  see  that  tC   (the  i 
M  It  IB  a  constant,  and  we  have 
— Cdy      adv 

V*  a     ~ 

SolVlDB  Cor  a  mlnlmuni  by  placing 


-^7^- 


Thia  Btvea  us  the  desired  formula.  lor  determining  the  time   (y) 


'^— ''^TTl  1 1 1 

A 

Fit    S. 


Since   the 


VT 


"  ~  \/   =  7.07  years. 

1   average  annual   plant   expense   Is   attained 


iC 


WA«K  annual  repairs  i-nereame  ■leodlly  hy  o  («n*tant  rotto  It 
oeoces  to  he  economic  to  retain  a  tlructure  or  machine  tn  tervtot 
after  the  aooregate  repaln  exreed  the  first  oott  of  the  tlnieiKra  or 
machine. 

Should  the  structure  or  machine  have  any  salvage  value,  snhsll- 
tute  the  expression  "(Irst  coat  minus  salvage  value"  in  the  fore- 
going criterion  In  place  ot  the  expression  "first  cost." 

As  a  further  example,  let  us  assume  that  the  curve  of  annual 
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npttin  !■  &  psrabola.   InMood  of  a  atralsbt  line,  aa  IndtciUed  In 

Tbe  area  ABC  Blvefl  ua  the  total  repair^  or  R ;   and  fiir  a  pan- 


B  cnrre  of  the  varabola  !• 
1l'  =  ipx,   «  =  — . 


Onr  eonaUon  of  coadltlott  li^  as  belore, 


BobatltutlnK    the   values  ol  p   ajid   C   In  this  equation  will  stve 
na  tbe  period   ot   years  duiinK  which   It  continues  to  be  economla 
to  w  tlw  IncreaalnK  coat  of  repaira 
V"  ., 

Once  a  = .  v>(l  Bince  y  =  VSpC,  cotnblntog  we  have 


irk«B  oMMual  r«iialr*  fnoreoaB  vlEOdtlv  aocen-dfap  to  Iha  ourva  o/ 
a  parabola,  tt  conaea  to  Aa  economic  to  retofn  a  atruchire  or  moclilne 
la  »ervlcB  after  Hit  aoi/rtoata  repatrt  Bxcaed  half  the  flrat  cott  of 
the  rtnt<:turi   or  ffiocMna. 

In  til*  caae  of  an  aaphalt  or  block  pavement,  annual  repairs  are 
tuaally  verv  Bllcht  tor  a  considerable  term  of  yeara.  the  repoira 
often  amountlDK  to  oothlnK  at  alL  Let  ua  oasume  that  fer  K  years 
tber*  aro  no  renaJrs  and  that  then  the  rei>alra  Increaae  uniformly 
at  tbe  rate  o  'or  •  yeara  Then  the  annual  renair*  (x)  at  any 
ctTOi  yecu"  after  the  period  of  do  repairs  are  given  by  this  equation 


^jid  tbo  total  repairs  are 


z^ 
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The  average  unit  cost  (u>  o(  repairs  per  year  Is 


E  +  »  belne  the  total  life  (jj>. 
SubBtltutlQE  for  R  Its  value  —  we  have 


°+-r 


Then  If  we  make  —  =  0,  we  have 
dv 

~0  +  — (iy« 

21 

—  «■  +  !!,«  =  - 

But  v  =  K  +  M,  hence 


1^  ) 


»  +  K=  -^     — +  «:• 

;  life  (v)  of  the  pavement,  heiics 
nula  becomes; 

IThen  a  stmclure  reautre*  no  repo(r»  ^or  a  period  of  j/eara  (K). 
and  Ihen  (he  repa(r»  (ncreo»e  annuoiiu  6u  a  regular  rate  (a),  the 
economic  We  (fn  tfare)  of  the  etnteture  Is  e^ual  to  th«  s^uars 
root  of  the  sunt  of  (1)  twice  the  ftret  cost  (In  dollors)  of  the 
ttrueture  divided  J>v  the  rate  (o)  and  (8)  Ihe  sfl«or«  of  the  numbtr 
of  iieart  IK)  of  no  repaim. 

Thus  It  the  period  of  no  repairs  (K)  ts  ten  yeara,  and  It  the 
repairs  then  start  and  Increase  steadllr  at  the  annual  of  rate  (a) 
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tt  t.OI   Cor  i%i    at  the  ar«t  cost,  and  If  tha  first  cost  (o)   ta  tl, 

Ufa    (*  +  K)  =  -/ — +  100=    vTTi  =  11.2S 

Httica  tbe  enmomlc  life  would  be  12.15  r«ara,  or  only  I\i  y«ara 
attar  the  10  year  period  of  no  repairs  has  oxplred. 

In  like  maimer  (omiulaa  can  be  readily  deduced  for  any  other 
curv«a  or  repairs. 

HavlnK  now  belore  ua  a  mathematically  correct  method  ot  solv- 
Ids  problems  of  this  nature,  It  tnay  be  well  to  examine  at  least 
one  of  the  Incorrect  solutions  that  haTS  previously  been  publtsbed. 
In  the  followlns  parsEraphH  will  be  found  an  enoneoua  method  of 
sltaAlnK  this  problem. 

Failacloua  Formula  For  Detsrmlnlns  When  Incraaslno  Repairs 
Justify  Rasurfaclno  a  Pavement.— In  1906,  Mr.  QeorKB  M.  Tlllsou, 
Chlet  Engineer.  Bureau  of  Highwaya.  Brooklyn,  New  York  City, 
r«»d  a  paper*  before  the  Mechanical  and  Engineering  Section  of 
the  PnnkllQ  Institute,  in  which  a  method  whh  given  for  solving  a 
ptobletn  that  often  comes  t>efDre  highway  engineers  Mr.  Tlllson 
Slid :  "It  Is  often  desirable  to  know  posllively  when  the  cost  of  ro- 
patrtng  a  pavement  has  become  so  great  that  It  would  be  econom- 
ksl  to  relay  the  pavemenL  This  can  be  determined  by  the  same 
lonnnla,  as  Its  result  soverna  the  cost  of  maintaining  the  pavement 
PMpatDally,  aa  that  when  tha  annual  repairs  equal  or  exceed  the 
ual  cost.  It  la  time  to  repave." 


The  (ormula  to  which  he  alludes  fa  A  +  CI-\ =  """■"■'  ex- 
pense. In  which                                                                   H 

N'  =  Ute  of  pavement  In  yeora 

C  =  first  coat  per  square  yard.  ^ 

7  =  rate  of  interesL 

.^  =  amount  to  be  paid  In  each  year  to  create  a  sinking  fund  to 
equal  O  In  ff  yeara 

B  =  total  cost  of  repairs 

Mr.  TUIson  glvea  the  followlns  example : 

"Taka  for  Instance  an  asphalt  pavement  and  let  tf  equal  IE  year^ 
Csqual  fl.EO,  J  equal  O.OSS,  and  B  equal  (0.40.  Then  A.  will  equal 
•^■07  and  the  equation  becomes  (0.0807  +  O.OGtS  +  O.OZST  =: 
|*.iesi-,  or  If  tha  street  be  repaved  It  will  coat  annually  fO.lS  till 
It  la  renewed.  Consequently  If  the  life  of  aaphalt  be  correctly  as- 
■mned  at  IE  years,  It  should  not  be  repaved  until  the  annual  cost 
■pftrsachea  tO.lS  per  sq.  yd.  Assuming  the  life  to  be  20  Instead 
of  IS  years  snd  applying  the  formula  aa  before^  the  annual  cost 
<BllI  ba  reduced  to  tO.UBt  per  yard.  The  author  believes  this  is  the 
tatia  sdentlflc  way  in  which  to  determloe  when  an  a^halt  pavemenl, 
from  an  acooomlcal  standpoint.  Aould  be  relald." 

"Hm  problem  that  Mr.  Tlllson  undertakes  to  solve  Is  wbsa  a  pave- 
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tntnt  ahould  be  relold.  Therefore  the  uoIedowh  quantity  diouM  be 
U,  tho  number  of  rears  of  economic  life ;  but  where  does  if  appear 
In  Ur.  Tlllaon'i  eauallonT  It  really  exlEta  on  both  aides  of  the 
AQUKtlou  and  1b  not  tnuiBpoied  to  one  side  before  mIvIdk.  If  we 
nudy  Ur.  TUIaon'i  method,  we  see  that  It  omouuta  to  Uile:  lUa 
equation  of  condition  is  that  when  current  repairs  (r)  for  any  Klven 
year  equal  "averace  annual  cost,"  then  It  Is  time  to  renew  the  pave- 
nenL     But  we  have  Men  that  hla  asnuned  averace   "annual  ex- 

B 
penae  is  A  +  CI  ■] .     Now,  calling  the  current  repairs  (or  any 


r  =  A  +  ai  + . 

N 
This  Is  the  equation  that  we  are  to  solve.  Where  is  y,  the  Dum- 
ber of  yearsT  It  the  repairs  are  increastng  annually — and  that  Is 
one  at  the  conditions  of  this  problem — r  must  be  a  function  of  y,  ao 
we  have  y  on  the  left  side  ot  the  equation.  What  le  AT  R  Is  the 
total  cost  ot  repairs  during  the  life  |f,  so  JI  Is  also  a  function  ot  y. 
Hence  the  very  thine  we  are  trying  to  ascertain  Is  aammtd  In  the 


Tet  this  Is  not  the  only  place  where  It  la  iiiiiiiiiiil.  for  Ul* 
■mount  to  be  paid  annually  Into  a  slnldnK  fund,  A.  la  also  a 
function  of  y.  Hence  one  (unction  ot  y  It  placed  on  the  left  side  of 
the  equation,  and  two  function*  of  y  and  a  constant  are  placed  on 
the  right  side.  We  are  then  told  that  If  we  will  JuKgie  with  the 
variable,  y,  until  there  In  an  equality,  we  have  solved  (or  y.  Fur- 
ther comment  on  such  misuse  ol  mathematics  appears  to  tM 
unneceuary. 

Straight  Line  Formula  of  Depreciation. — The  most  common  wot 
of  determining  the  depreciated  value  of  a  machine,  where  at>- 
praJsal  o(  physical  property  la 'being  mode,  la  by  the  "Straight 
line  formula  ot  depreciation."  This  conslita  simply  In  regardlnc 
each  lost  year  of  plant  life  as  causing  a  depreciation  propoi^ 
tlonate  to  the  entire  loss  ot  value  at  the  end  of  Its  life.  In  other 
words,  the  rate  of  annual  depreciation  Is  1  -:-  the  total  number  of 
years  of  lite.  Thus;  when  the  average  lite  o(  a  railway  tie  Is  10 
years,  each  year  causes  a  depreciation  of  1/10,  or  107e  of  the  first 
cost  of  the  tie.  At  the  end  ot  6  years  It  has  lost  80%,  and  Its  de- 
preciated value  Is  10%. 

For  some  purposes  ot  appraisal  ot  present  value  o(  plant  unltst 
this  method  Is.  perhaps,  satisfactory.  Its  simplicity  appeals  to  all. 
But  with  increased  knowledge  as  to  life  and  cost  of  plant  repair^ 
this  simple  method  Is  likely  to  give  way  to  the  exact  method  of  the 
Unit  Cost  Depreciation  Formula  (page  it). 

It  should  be  remembered   that  where  &  plant  contains  a  Urg* 

number  of  similar  plant  units  of  varylog  age — as  In  the  case  ot  all 

old    railways — the    average    annual    renewals    are    Identically    the 

_  lame   as   the   annual   depreciation   ot>talned   by   the   straight   line 
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iMBUita.  Tbn*  U  looomotlvM  average  a  life  of  IS  years,  aonual 
dipnclaUMi  t>7  the  str^^t  line  lormulA  U  4%,  and  It  the  looo- 
motlTve  «re  of  equal  value  but  ol  dlSerent  aseii  aimual  renewal* 
wlD  b«  exacUr  i%  of  the  coat  new. 

Aa  I  have  aUtea  elaewbere,  (talB  condition  makee  It  mmeceBsary 
to  !■■  a.  jinfc-iny  fond  table  lor  determlnlnK  depreciation,  dnco  re- 
MiwBle  of  entire  plant  units  are  regarded  aa  Identically  the  same 
as  rawWBla  of  parts  of  each  plant  unit  commonlj-  called  repairs. 

The  Bastard  Straight  Line  Formula  ef  Depreciation. — It  la  not  an 
nacoouaon  practice  to  "write  off"  a  cerCaln  percentage  for  plant 
^predatlon  eadi  rear.  Wbea  the  amouot  written  off  )■  a  died 
pereeatace  of  the  first  coat  of  the  plant  there  la  an  application  of 
tbe  atral^t  tine  formula  of  depredation.  However,  It  le  the  prac- 
tice ammiK  many  accountanta  to  "write  off'  each  year  a  percent- 
age of  the  last  year's  "book  value"  of  the  plant  This  produces 
a  eorve  of  "depreciated  value  of  plant"  that  rapidly  flattens  out, 
and  extends  to  Infinity.  There  Is  certainty  no  laglcal  defense  poesl- 
Ue  (or  this  mettaod  of  estimating  depreciated  values 

Sinking  Fund  Formula  of  Daprcclatlon.— According  to  this  method 
It  la  assumed  that  the  total  depreciation  of  a  machine  or  structure 
at  sny  given  age  ie  tbe  amount  already  accumulated  In  a  slnklnB 
fmd  established  for  Its  redemption  at  the  end  of  Its  life. 

Table  IV  (page  15)  gives  the  accumulation  (a)  of  11  for  any 
nnnber  of  years   (a). 

T^Ie  10   (page  13)   gives  tbe  annual  deposit   (p)   In  a  sinking 
fund  to  redeem   tl  at  the  end  ot  the  life  of  the  machine,  that  Is 
at  tbe  end  of  If  years.     Hence  the  accumulation  In  n  years  of  an 
aannal  deposit  of  d  wtU  he 
111)     A  =  dxa, 

d  being  taken  for  N  years  (life)  from  Table  III, 
a  being  taken  for  n  years  (age)  from  Table  IV. 
Bu^  as  prevlotttfy  ahown  In  explaining  these  two  tables, 


rf*  belnc  taken  Cor  a  years  from  Tabl*  IIL     Hence, 
<t 

(17)  A  = , 

<P 
d  being  taken  for  y  years  (Ufe)  from  Table  in. 
f  b«lag  taken  for  n  years  (age)  from  Table  IIL 
Equation   (1<>   la  the  most  convenient  for  general  use.  but  it  la 
well  to  remember  that  equation  (11)  la  equally  applicable. 

To  OlDStrate  by  an  example  let  ua  datetmlae  the  depreciation  ot 
a  railway  tie  6  yean  of  age.  whoae  total  life  will  be  10  years.  If 
we  aaamne  a  mt*  of  Interest  ot  t%  wo  have  by  formula.  (IT)  and 
Table  ni 

d         .0829 

=  E5%  nearly. 
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SInca  the  depreciation  by  thla  sliiklnr  fund  tormuUi  la  fiE%  ot 
the  flrct  coat,  the  preaent  value  la  4i%. 

Bf  (he  ■tralgtat  line  formula,  the  depreciation  ia  sa%  and  the 
pre««nt  value  le  40%. 

The  aame  remilt  (6S%  depredation)  la  obtained  with  more  ex- 
pedition by  the  uee  of  equation  (16)  and  Tablea  111  and  tV. 

Depreciation  curvea  have  been  prepared  from  calculatlona  made 
tn  thla  manner,  and  will  be  found  at  the  end  of  the  Waterworita 
Section  of  this  boolc,  for  which  conault  the  Indaz  under  "Depre- 
ciation, SinJcIng  f^ind  Curvea" 

The  arKumenta  upon  nhlch  this  method  relies  for  aupport  are 
two:  (1)  That  the  redemption  of  all  perishable  plant  unlta 
■hould  be  provided  for  by  Hlnking  tunda  and  that,  conasquently. 
the  accumulation  in  a  Blnklng  fund  at  any  tlnw  represent!  the 
depreciation  of  the  plant,  which  if  delivered  to  a.  purchoaer  ot  tb« 
plant  would  recompense  the  purchaser  in  full  for  the  plant  do- 
preclatlon.  (2)  That  a  ainklns  fund  curve  of  iucreaae,  year  by 
year,  is  analogous  to  the  curve  of  increased  cost  of  plant  repalra 

The  first  argument  looks  sound,  but  Is  really  fallacioua  The 
purchaser  la  asked  to  accept  a  fund  In  place  of  an  actual  losa  of 
value  of  the  plant  which  may  bear  no  relation  to  the  fund  at  all. 

The  second  argument  ia  even  more  faulty,  for  by  the  wlldeat 
stretch  of  the  Imagination  there  can  be  found  no  logical  relation 
between  the  annual  cost  of  repalra  and  a  sinking  fund  curve.  alnc« 
the  one  ia  the  reault  of  physical  and  chemical  action,  while  th« 
other  Is  a  function  ot  rates  of  Interest  on  capital. 

We  have  already  seen  that  (he  actual  curvea  of  plant  unit  repairs 
are  not  regularly  ascending  cun-ea  at  all.  And  we  have  alao 
seen  that  certain  numerous  classes  of  plant  unlta  have  no  appre- 
ciable repairs,  save  Che  final  uploap  in  the  curve  which  marks  th« 
entire  renewal  ot  that  plant  unit.  It  Is.  therefore,  apparent  that 
the  sinking  fund  formula  will  not  remain  long  popular  alter  engi- 
neers have  a  clearer  conception  of  the  nature  ot  plant  repairs,  and 
particularly  after  the  fundamental  principles  Of  estimating  unit 
costa  ot  production  are  better  understood. 

In  the  following  paragraphs  will  be  found  a  determination  of 
depreciation  based  upon  the  criterion  of  unit  coats  of  production, 
which  is  the  only  criterion  by  which  relative  plant  values  can  ever 
be  accurately  determined. 

The  Unit  Cost  of  Depreciation  Fermuta — In  adectlng  a  nam* 
for  the  formula  that  I  have  deduced  below,  I  have  been  somewhat 
at  a  loss  to  choose  a  title  that  would  be  descriptive  of  the  princlpla 
involved,  without  being  too  cumbersoma  For  brevity  It  Seema 
wall  to  call  It  The  Unit  Cost  Depreciation  Formula. 

The  Duner  of  a  tecondJiand  machlna  it  entltleit  lo  tuch  a  jrrlos 
for  If  at  ultl  vnabje  the  purcAoaer  to  go  on  vHth  lis  uss  and  pro- 
duce each  uwlt  of  product  at  as  lou  a  ooat  as  t\e  avraga  un4t 
eo*t  of  prodnetton  would  be  dvriim  fA«  entire  life  of  tha  mooMM. 

Thla  is  but  common  equity,  and  needs  no  argument  In  It*  mp- 
port.     The  equitable  price  thua  arrived  at  la  the  depreciated  vmlue 
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tf  tlw  madilne.  It  will  be  noted  CItat  the  criterion  lhu«  aimounced 
!■  oaanUUlr  the  Heme  In  principle  «■  U)e  criterion  UMd  In  Prob- 
loB  I.  for  determining  which  of  two  n 
ipece  17>. 
Adoptlac  ebnllar  aymbols  we  have: 
jr  =  uuiual  average,  number  of  unlta  of  product  o 

mc  Its  entire  life. 
■  =  aBaual    averase    ounit>er    of   units   of   product   of   the   old 
>  durinff  Ite   remalnlns  yeare  of  life, 
t  o(  a  new  machine. 
i  value  of  old  machine. 
OsabiUiiK  fund  annuity  (Table  Itt)  to  redeem  first  coat  (C)  of 

new  machine  at  end  ol  life. 
d=Aik]nK    fund   annuity    (Table   III)    to    redeem   depreciated 
TaJue    (C)    of  old  machine  during  Its  remaining  term  of 
years  of  life. 
fi  =  iata  per  cent  of  average  annual  repairs  during  entire  lite, 
rsrata  per   cent  of  average  annual   repairs   during  remaining 

life. 
r  =  n  =  total  repairs  during  remaining  life. 
/stnterest  oa  capital. 

0  =  average  annual  operating  eipenae  during  entire  life, 
asaverage  annua]  operating  expense  during  remaining  life. 
ITsavarage  unit  cost  of  production  during  entire  life. 
ssaverage  unit  cost  of  production  during  remaining  life. 
Tbat 

+  ia 


a+T  +  da  +  Ia 


C(R  +  n  +  r)  —  T 


Formula   (13)   gives  the  depreciated  value  of  a  secondhand  tna- 
(Mna  or  structura;      If   It   is   deilred  to  express   this  depreciated 
utne  a«  a  pM«entage  of  the  Drst  cost  C,  we  have 
e  (B  +  D  +  I)-~T 

""  c' in — 

Formula   iZ*i   is  our  unit  cost  depreciation  formula. 
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(26)    —  = . 

c       d  +  i 

Fomiula  (SE)  la  ths  od«  to  apply  to  railway  Ilea,  water  plpa,  and 
other  plant  unlta  OiaX  hav«  no  appreciable  current  repalri. 

For  contrast  with  the  aliiklDK  fund  fonnula,  let  ua  And  tha  d»- 
preciated  valu«  of  a  railway  Ua  S  yaara  old,  whose  life  la  10  years, 
Interest  betnc  i%. 

Table  III  (page  13)  glvea: 

D  =  O.0Sai  for  10  years,   and  4%. 
d  =  0.1E08  for     C  years,  and  4%. 

ThSD  according   to  equation    (2G)    we  have 
0         8.J3  +  4  IZ.Sa 

C~  15.08  +  4"    19.08    ~ 

We  have  seen  that  the  alnklng  fund  formula  slvea  a  deprectaUd 
value  of  46%.  and  that  the  alraJght  line  formula  Kfvea  40%,  with 
the  same  data  as  to  life,  age,  etc. 

Contrast  formula  (2S)  with  formula  (IT),  and  It  will  ba  aaen 
that  the  alnklng  fund  formula  differs  In  not  having  I  added  ta  both 
numerator  and  denominator. 

Contraat  (armula  <2S)  with  formula  (IT),  and  it  will  be  aaen 
that  the  sinking  fund  formula  erra  to  an  even  peater  eitsnt,  tor 
It  makes  no  rational  provlalon  for  consideration  of  the  actual  re- 
paJra  during  the  whole  life  and  the  remaining  life  of  the  machine. 

So  far  aa  I  know,  theae  formula!  (!4>  and  (2S) — unit  cost  d(VT»- 
clatlon  formulas — have  never  been  deduced  before.  Formula  (15) 
lends  Itself  as  readily  as  the  sinking  fund  formula  to  being  platted 
as  a  curve.  Formula  (24)  can  also  be  expreaaed  aa  a  curve,  when 
the  actual  rates  of  repairs  sre  known,  but  It  does  not  land  Itself 
to  any  euesswork,  which,  after  all.  Is  a  real  merit  Thera  haa 
bMn  too  much  cuesslng  aa  to  rates  of  repairs. 

Physics  I  Property  Vsluatlona.-~As  a  result  of  the  growlac 
control  that  governments  are  exercising  over  public  service  cor- 
porations, ae  well  as  because  of  the  tendency  to  place  all  property 
values  on  a  sclentlflc  basis  for  taxation,  there  have  been  namy 
recent  appraisals  of  the  physical,  or  tangible,  property  of  rail- 
ways, lighting  companies;  etc  Uany  more  such  valuatlona  will  ba 
made  In  coming  yeara,  and  will  require  the  constant  services  of 
many  engineers  In  keeping  the  valuations  up  to  date.  Moreover, 
I  am  Inclined  to  believe  that  the  valuation  of  the  physical  prop- 
erty of  all  large  corporations  will  eventuallly  be  made  by  govern- 
ments. If  for  no  other  reason  than  to  protect  stockholders  from 
unscrupulous  company  offlcials,  who  by  Insufllclent  maintanance 
of  plants  can  make  net  earnings  aeera  to  be  larger  than  they 
really  are,  and  thus  InOate  stock  values  for  a  time,  only  to  reverse 
the  process  and  cause  a  alump.  No  scientific  expsndltura  for 
proper  plant  maintenance  Is  possible  without  a  knowledge  both  of 
th*  character  of  the  plant  and  the  service  It  Is  rendering  but  of 
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Hu  anonnti  of  capital  fvtmted  1»  the  jiarUyut  plant  unit*.  This  ]• 
mitftnHWiDt  to  oaylos  that  no  one  caa  Judge  accurately  from  re- 
porU  ot  Btin<nil  niainteiiBDcw  axpeodlturea  whether  &  iBrge  phmt  Is 
iKiBS  properly  mniiitBtnad  unleaa  a.  detailed  appraisal  at  the 
ptiyaJcal  property  Is  at  band.  This  aJtme  would  JuBtlfy  every  raJl- 
«ar  and  every  lance  manufacturliiK  compsny  in  having  a  physical 
appraliBl  made  and  kept  up  to  date,  far  its  own  purposes.  Some. 
In  tact,  do,  but  they  are  woefully  In  the  minority  as  yet. 

A  physical  appraisal  Involves  ascertaining  all  unit  quantities  of 
cooMrDctloD,  and  the  number  of  plant  units  of  each  claait  to  which 
Btandard  present  prices  are  applied.      This  gives  the  cott  of  repro- 

Tbe  next  step  Is  to  ascertain  the  average  age  of  the  units  of  each 
ctaa,  [or  the  purpose  of  estimating  depreciated  oaliie,  or,  as  it  Is 
more  often  called,  present  value.  We  have  Just  seen  that  tbree 
formulas  are  now  available  for  this  purpose:  (1>  The  SCralghl 
Una  Depreciation  Formula ;  (2)  the  Sinking  Fund  Depreciation 
Formula;  and  (3),  one  that  1  now  submit  for  the  consideration  Of 
sppmlainK  engtneerft   the  Unit  Cost  Depreciation  Formula, 

In  the  Railway  Section  of  this  booK  1  have  discussed  the  proper 
method  of  arriving  at  the  average  age  of  plant  units  ot  the  same 
kind,  but  dllTerlng  In  firet  cost.  (See  the  Index  under  "Appraisal. 
Railway^;  also  see  "Appraisal.  Waterworks)." 

Going  Concsrn  Value, — In  addition  to  the  Drst  cost  of  a  plant. 
Including  tbe  interest  on  the  Investment  during  construction,  there 
b  another  sort  of  expense  that  should  properly  be  Included  In 
arriving  at  the  cost  of  the  plant  to  Its  owners,  and  that  Is  the  cost 
Ot  getllrig  the  business. 

For  some  years  after  a  plant  Is  put  in  operation.  It  frequently  Is 
run  at  an  actual  los^  until  Its  products  become  favorably  known 
to  the  public,  or  until  the  development  ot  its  tributary  population 
supplies  the  business. 

Tkt  earlv  loitra  fn  operatliig  a  plant  should  WHially  be  Tegarded 
at  acliuU  expendUurea  In  devetoptHif  the  bualneaa,  and  sAouId  be 
figuTed  at  compound  inlerent  up  lo  the  time  that  there  eeaaee  to  be 
a  loH  tram  operation. 

And  now  comes  o.  very  Important  point  to  bear  In  mind  when 
determining  these  operating  losses,  namely  that  during  the  early 
yean  of  a  plant  operating  expenses  (including  maintenance  In  the 
tt-nn)  are  below  normal.  This  results  from  the  tact  that  new 
machinery  requires  little  or  no  repairs.  In  equity,  therefore,  not  the 
actual  repairs  shotild  be  contfdered  but  the  snntial  sinking  fund 
deposit  necessary  to  provide  tor  the  excess  repairs  that  must  be 
borne  in  later  years. 

Having  thus  determined  the  full  theoretical  maintenance  (actual 
plus  proper  anntial  BlIowBnca  tor  sub-normal  repairs),  and  operat- 
ing expense,  there  comes  a,  time  when  there  ceases  to  be  a  loss 
from  operatltm  and  when  the  earnings  also  sufflce  to  pay  the  Inter- 
est on  the  bonds,  or  the  capital  Invested.  Still,  money  continues  to 
be  expended  Id  Bdvortising  and  In   soliciting  new  business.     This 
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money  la  also  an  element  of  cost  In  establliihInK  the  biulnesa.  and, 
as  such,  li  to  be  regarded  as  a,  part  of  the  coat  of  ttae  plant  anJ 
Its   buBineiH. 

The  sum  of  the  money  lost  at  flrsl  In  operating  the  plant,  and 
the  money  spent  In  advertising,  soliciting:  business,  etc.  may  be 
called  the  going:  concern  value  of  the  plant,  which  should  certainly 
be  added  to  Its  physical  value, 

A  further  dlscuBBlon  of  this  subject  appears  at  the  end  of  the 
Waterworks  Section.  Consult  the  Indei  under  "Value,  Oolns 
Concern." 

CommerClBl  Vsiuations.^The  method  of  valuing  an  eKlstlng-  busi- 

physlcal  condition  of  the  plant.  In  which  case  a.  physical  valua- 
tion of  the  plant  may  be  needed  to  determine  what  the  excess  cost 
of  repairs  Is  likely  to  be  due  to  a  run-down  condition. 

When  this  docs  not  enter  the  problem,  the  question  Is  simply  one 
of  ascertaining  the  net  earnings  and  of  capitalliing  them  at  a  rate 
of  interest  which  Judgment  In  such  matters  dictates  as  being  rea- 
sonable. If  the  business  Is  large  and  long  established,  the  rate 
of  Interest   used   in   capitalization    may   be  as  low  as   E%,   provided 


This  Is.  as  law  a  basis  as  Is  apt  to  be  used,  unless  the  curve 
of  growth  of  the  biislncHs  is  such  as  to  warrant  favorable  S];iecula- 
tlon  as  to  Its  future,  or  a  discounting  of  the  future  by  assuming 
a  lower  rate  of  interest  as  a  basis  for  capitalization. 

When  a  business  Is  small  ami  subject  to  fleree  competition  of 
capable  rivals,  and  is  dependent  for  lis  present  success  largely  upon 
one  or  more  Individuals,  [he  rate  used  In  capitalizing  Its  net  earn- 
ings should  be  very  high.  In  this  connection  It  may  be  well  to 
caution  the  young  englnci^r  against  being  deceived  as  to  tlie  operat- 
ing expense  of  a  small  business.  The  owner  of  such  a  business 
frequently  draws  only  a  small  salary,  and  looks  to  the  dividends  or 
piolits  tor  his  real  salary.  When  he  has  sold  the  business.  It  will 
probably  be  necessary  to  hire  a  manager  of  ability  equal  to  that  oC 
the  owner,  and   to  pay  him  a  much  higher  salary  than  the  owner 

It  la  a  curious  fact  that  this  consideration  has  escaped  the 
attention  of  not  a  few  men  who  have  appraised  the  value  of  small 
business  concerna  One  celebrated  English  promoter  made  several 
fortun>s  by  capitalizing  comparatively  small  business  concerns  on 
net  earnings  shown  truthfully  In  their  boolcs.  but  which  did  not 
show  that  the  mental  equal  ot  the  old  owner  of  the  business  could 
not  be  hired  except  for  a  very  large  salary. 

An  Interesting  discussion  of  the  commercial  valuation  of  railways 
will  be  found  in  Bulletin  21.  Department  ot  Commerce  and  lAbor, 
Bureau  ot  the  Census,  entitled  "Commercial  Valuation  ot  Railway 
Operating  Properly  In  the  United  States.   180J." 

Prof.  Henry  C.  AOams,    Frot    B,   H.   Meyer,,  and  Mr.   Wllltam  1 
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Hejren  eIvb  manr  valuable  data  In  the  course  of  the  dl»(»]*alon> 
bi  [he  Bulletin   No.   21.   which  conlalaa  nearly  90  pagef. 

From  a  great  array  of  railway  statiBlicB,  Mr.  William  J.  Meyers 
cmdaded  that  railway  bODda  averaged  a  return  ol  3.793%  on  their 
market  price,  and  that  railway  stDcits  averaged  a  return  of  4.918% 
<■  their  market  price.  He  says:  "ComblnlnK  the  figures  for  share- 
bolders'  Interests  with  those  for  the  funded  debt  Cbonds)  we  get 
u  the  mean  rate  of  annual  return  on  all  securities  4.S56%,  which 
la  thus  Indicated  as  the  proper  rale  to  be  used  In  capllallilng  net 
nmlnKS  from  operation  (diminished  by  tanes)  In  order  to  arrive 
at  the  raltie   of    the   security   holders'   Interests   In   the   operating 

How  to  Prepare  Estimates  and  Bids. — In.  estimating  a  unit  price 
tor  any  kind  at  work,  contractors  often  place  too  much  reliance 
Da  published  prices  for  similar  work.  There  are  seven  serious 
sources  o(  error  In  so  doing:  (1)  The  conditions  may  vary  greatly  In 
places  but  a  few  miles  apart ;  (S)  rates  of  wages  often  vary  widely, 
being,  (or  example,  higher  !n  large  cities  than  in  sniall  cities  or  In 
(he  country;  <3)  specifications  and  the  Interpretations  of  Identical 
Vedflcatlon  clauses  by  different  engineers  vary  greatly;  (4)  oon- 
tracloTB  Inexperienced  In  the  particular  work  In  question  often  have 
Wd  prices  altogether  too  low;  (6)  the  bidding  prices  may  be  pur- 
posely uubalance<f,  being  too  high  on  certain  items  and  too  low  on 
elbers;  (6)  a  unit  price  that  is  fair  for  a  large  Job  is  generally  too 
low  for  a.  snuill  ]ob ;  (7)  a  contractor  already  equipped  with  a 
Mant  con  often  afford  to  bid  lower  than  the  contractors  not  so 
equipped. 

While  previous  bidding  prices  shoidd  be  used  as  a  guide,  they 
should  never  be  relied  upon  Implicitly  If  the  worli  is  of  any  con- 
siderable magnitude.  Bach  Item  should  be  estimated  in  detail,  and 
this  estimating  should  be  done  systematically  to  avoid  some  serious 
amiaalon.      The  cost  of  any  item  of  work  may  be  divided  Into  Ove 

1.  Development  expenses 

2.  Plant  expense  and  supplies. 
L    Materials. 

4.  I^boi. 

5.  Superintendence  and  general  expense  (overhead  charges). 

l>ei'eloptneBl  txpenae  includes  the  cost  or  making  roads,  deliver- 
ing and  Installing  the  plant,  draining  the  site  of  the  work,  salaries 
of  fbremeD  and  others  on  the  idle  list  pending  the  beginning  Of 
*ork,  and  all  expenses  Involved  in  getting  ready  to  build  the 
strocturev  On  anall  Jobs  this  Item  o(  development  expense  Is  often 
■  vety  large  percentage  of  the  total  costt  and  on  large  Jobs  It 
seMiKn  can  be  neglected  in  estimating  probable  unit  costs. 

Development  expense  has  to  be  estimated  for  each  particular 
lab.  by  securing  freight  rates  or  estimates  for  carting,  etc  In 
Mwe  cases  tt  Includes  temporary  road  building,  installing  pipes  for 
"ster  supply,  etc 

PloM    expense    Includes    Interest,    repairs,    depreciation    and    In- 
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niraliM  on  all  tools,  machloci;  bulldliiBK  atorod  materials,  trestle^ 
falMwork ;  and  Buppllel  Include  fuel,  oil,  etc. 

Maleriala  Inclutle  only  nich  materlalB  b-b  actually  go  Into  the  fln- 
lahed  structure,  and  tho  wastage  of  niaterlals  due  to  breakage  In 
bandllng  or  sawInK  and  shaping.  The  cost  of  niB.terlai>  Includea 
frelsht  and  hauling  to  the  site  of  work. 

Labor  Includes  all  skilled  and  oomnton  labor,  except  superintend- 
ents, clerkH  and  office  men^ 

fiupeHnt'mdence  aiul  oenaral  sxjienas  Includes  foremen,  man- 
agers, timekeepers,  watchmen,  bookkeepers,  supply  clerks,  rents, 
taxes,   traveling  and  entertaining  expenses,  statJonery.  etc 

To  the  experlneed  contractor  an  enumeration  of  these  Items  may 
seem  unnecessary,  but  ir  is  indeed  surprising  to  nee  how  often  Inex- 
perienced contractors  err  through  failure  to  consider  alt  c(  these- 
Items  Engineers,  and  not  always  young  engineer^  are  Prono 
to  omit  development  and  plant  expenses,  either  In  whole  or  In 
part,  from  their  estimates  of  cost. 

Returning  to  the  subject  of  deciding  upon  bidding  prices,  make  It 
a,  practice  always  to  check  the  quantities  given  in  the  bidding  sheet 
as  far  as  possible.  If  the  contract  is  a  large  one,  or  the  work  Is 
such  that  you  cannot  personally  do  all  the  checking,  employ  an 
engineer  to  do  bo.  It  Is  astonishing  to  note  the  number  of  errors, 
typographically  or  otherwise  made,  that  creep  into  quantity  sheet*. 
An  error  of  transposition  la  not  uncommon ;  thua.  the  engineer 
may  tiave  correctly  determined  that  there  are  3.DD0  cu.  yds.  of  em- 
bankment and  1,200  cu.  yda  of  riprap,  but  in  the  bidding  sheet 
the  quantities  may  be  transposed  so  as  to  read.  I,S0O  cu.  yds. 
of  embankment  and  3,000  cu.  yda  of  riprap.  In  looking  over  tbft 
quantities,  therefore,  always  ask  yourself  whether  each  quantity 
"looks  About  right."  or  noL  A  shrewd  contractor  will  thus  dis- 
cover errors  that  a  whole  statf  of  engineers  have  overlooked. 
Whenever  you  see  a  small,  and  what  appears  to  be  an  arbitrary 
quantity,  like  10  cu.  yda  of  concrete  or  60  cu.  yds.  of  rock  ex- 
cavation, look  carefully  over  the  plans  and  specincatlons  to  dis- 
cover if  possible  where  this  quantity  Is  shown  In  detail.  If  It  can- 
not be  found  that  the  quantity  has  been  actually  measured.  11  I* 
safe  to  assume  that  It  has  been  guessed  at.  and  that  In  conse- 
quence It  may  subsequently  prove  to  be  an  under-estlnuite.  Bid 
liberally  on  such  Items,  but  bid  not  too  liberally.  More  contrftctors, 
otherwise  shrewd,  than  one  would  expect  to  see  make  the  error  of  ■ 
bidding  unreasonably  high  on  such  small  Items.  The  result  some- 
times is  that  their  bids  are  rejected  because  they  are  "unbalanced" : 
or.  If  accepted,  and  later  It  Is  tound  that  a  larger  quantity  of  tbe 
untMilanced  item  exists.'  the  engineers  may  either  change  the  plans 
or  relet  tbe  work  covering  that  Item.  Set  It  down  that  seldom 
I*  It  good  business  policy  to  bid  an  unreasonably  high  price  on 
any  Hem  oven  on  public  works  contracts,  and  It  never  Is  wise  to 
do  so  on  private  contracts,  Bven  though  the  Item  Is  small,  and  tha 
cost  of  putting  up  a,  plant  to  perform  the  work  Is  large,  still  bid 
only   a  little  higher  price  on   the  Hem  than  you  would  bid  If  It 
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nra  many  Umea  iarger,  and  distribute  tbe  estimated  cost  of  plant 
vnrt  the  other  Items. 

A  SdiMluIe  of  Itams  of  Cost. — In  preparing  an  estimate  of  unit 
Cott  there  la  always  danger  of  omitting  some  Imgnrtant  Item.      To 
atoid  such  an  amission  I  find  It  desirable  to  compare  my  estimates 
irith  a  schedule  of  Items,  auch  as  follows: 
1.    Cost  of  temporary  roadways 
t     Cost  of  light  of  way  Ihrough  farms,  etc 
1.    Cost  of  clearing  and  Bnibblng  the  slta 
i.    Cam.  of  anow  removai  and  draining  the  alte. 
i.    Cost  of  the  site. 
I.    Cost  of  aheds;   barium  oOlcea,-  etc 
T.     Cost  of  dellverlDg  and  Inslailtng  plant. 

1     Coat  rf  Bupplles.   Including  eiploslven,  water,  fuel,  oil,  etc 
1.     Plant,   Interest,   depreciation,  and  repairs. 
le.     Cost  of  Bhlftlng  plant  units  from  one  point  of  attack  to  an- 
other. Including  lost  time  of  worlcmen  waiting  during  the 
■hlftlng. 
IL    Cost   of   trestles;   falsework,   bracing,   forms  and  temporary 

■apports. 
tS.    Quarry  rent,  aand  pit  rent,  timber  stumpage,  etc. 
IS.    Cost  of  materlaia  f.  a  ll.  (or  a  unit  of  the  atructure,  includ- 
ing wastage. 
1*.     FVeight   on   materUla 

IS.     Cost  of  unloading,  hauling  and  storing  of  materials. 
If.     Coat  ot  delivery  and  re-handling  materials  until  at  the  place 

IT.    Labor   of  handling,  shaping  and  placing  materials,  and   oil 

operating  labor. 
18.    Foremen's  salaries. 
' — TiT  Salaries  of  watchmen,  timekeepers,  clerks,  booltiieepera,  etc. 
H.     Office  and  traveling  expensea 
11.     Inteceat  on  cash  capital  other  than  plant 
12-    Taxes,   licsiBee  and  insurance  ot  property. 
11.    Insurance  of  workmen  and  the  public  against  accident. 

14,  Premium   paid   to   bondsmen   or  surety   company   for   bond 

15.  Advertising,  legal  expense,  charity. 

14.    DlacounC  on   warrants,  note*  or  other  paper  payments  for 

«ork  done. 
V.     Riot  protection  and  detective  work. 
^^S.     ^^tatlon. 

».    Housing  plant  during  winter. 
U.    Provtdlng  waterproof  garments. 


tL 


tl.    nrcentage  for  proQL 

nsnt   Expanse.— Plant   expense   Is     commonly     underestimated. 
Flnt   K   la  necesaory   to  consider   the  time  limit  allowed   for   th« 
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work.  Then  a  plant  must  be  figured  ui>oii  that  will  perform  tha 
work  at  leoBt  20%  within  the  time  limit,  making  also  liberal  allow- 
ances (or  bad  weather  delays,  as  well  as  tor  delays  In  delivering 
and  InBtallliiK  the  plant,  and  delays  due  to  breakdowns- 
Use  with  great  caution  the  figures  o(  output  given  In  moat  cata- 
logs :  they  are  almost  Invariably  based  upon  Ideal  conditions,  and 
not  Infrequently  are  wholly  deceptive.  Even  where  the  output  of  a 
machine  Is  correctly  stated,  remember  that  such  an  output  may  not 
be  possible  In  your  case,  due  to  Inability  to  get  materials  to  the 
machine  or  away  from  It.  Consider  always  the  limiting  factor. 
A  derrick,  for  example,  may  be  able  to  handle  SOO  cu.  yds.  a  day, 
but  If  It  serves  a  few  men  working  In  a,  confined  sitace.  Its  actual 
output  may  not  be  ZO  cu.  yds.  Time  and  again  this  self-evident 
fact  has  not  been  evident  to  the  Inexperienced  man. 

To  give  another  example,  suppose  the  work  Is  rock  excavation. 
Do  not  gueaa  at  the  number  at  rock-ilrllls  required ;  but  estimate 
the  probable  spacing  of  the  drill  holes  in  the  given  kind  of  rock 
and  from  this  calculate  the  number  of  cubic  yards  of  rock  each 
drill  will  break  dally  on  a  basis  of,  say.  EO  ft.  of  hole  drilled 
per  machine  per  shift.  Knowing  the  time  limit,  compute  the  num- 
ber of  drills  required ;  and.  knowing  the  number  of  drills,  com- 
pute the  boiler  power  required.  Guess  at  nothing.  If  you  have  no 
other  data,  secure,  hy  letter,  some  esllmates  of  output  from  tlie 
large  and  old  manufacturing  Urms,  whose  estimates  are  frequently 
very  close  to  the  truth. 

Allow  liberally  for  plant  that  Is  Idle  during  shop  repairs.  On 
railways,  for  example,  8  to  12%  of  the  total  numbef  of  locomotives 
are  constantly  In  the  shop  undergoing  repalra 

Having  liberally  estimated  the  size  and  kind  of  plant  required, 
and  having  secured  quotations  on  the  plant,  charge  the  full  cost 
of  the  plant  up  to  the  Job  to  he  done,  and  determine  haw  many 
cents  per  yard,  or  ppr  other  units  Involved,  are  thus  chargeable  to 
first  cost  of  plant  This  will  give  a  maximum  charge,  and  It  Is  well 
to  know  the  worst.  But  If  the  full  cost  of  a  plant  is  charged  to  a. 
small  Job,  some  other  contractor  will  probably  get  the  work.  Oo, 
therefore,  to  a  dealer  In  second-hand  machinery,  and  ask  him  to 
name  a  fair  price  on  a  second-hand  plant  such  as  yours  will  be 
When  you  are  through  with  It  If  you  can  secure  a  tentative  hid  on 
the  machinery,  you  will  have  a  fairly  reliable  estlnlate  of  the  sal- 
vage value.  In  most  cases  you  can  form  some  estimate  of  the  sal- 
vage value,  by  finding  what  second-hand  plants  are  selling  for. 
If  you  are  still  afraid  that  your  charge  for  depreciation  will  be  so 
high  as  to  lose  the  Job,  there  Is  left  Just  one  safe  way  of  estimating, 
namely,  to  secure  a  rental  quotation.  TTiere  are  many  firms  who 
make  a  business  of  renting  contracting  plants,  and  such  a  plant  as 
IB  wanted  can  usually  be  rented  lor  a  dallv  or  monthly  price  that 
Includes  ordinary  wear  and  tear.  The  longer  the  plant  Is  to  be 
used  tha  lower  the  dally  rate  of  rent,  therefore  be  careful  to  secure 
a  sliding  scale  lease.  A  hoisting  engine  and  holler  may  b«  rented 
for,  say.  12  a  day.  It  the  period  Is  to  be  30  days;  but,  for  each  added 
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W  Styt,  there  should  bo  a  reduction  tn  the  rate,  down  to,  aar.  11. 
k^'ood  which  DO  further  reduction  Ib  given.  The  reason  why  such 
1  iMtag  scale  can  be  secured  Is  brleflr  this : 

The  season  for  contract  work  Is  usually  limited ;  rvad  work,  (or 
eumple.  la  limited  to  the  summer  and  fall  montha  Most  of  the 
DiDtracts  are  awarded  at  an  early  date,  so  that  If  a  plant  remains 
nroited  well  Into  the  BeaH>n,  the  chance  of  renting  it  falls  off 
rapMIy.  Periods  of  Idleneas  between  times  ot  rental  soon  cut  down 
the  net  Income  from  a  plant,  yet  Interest  on  the  Investment  goes  on 
nnintcrruptedlT.  If  these  periods  of  tdlenesB  can  he  reduced  the 
<™tier  of  a  plant  can  afford  to  accept  a  lower  per  diem  rate  of 
nataX  yet  be  a  gainer  at  the  end  of  the  year. 

Thai,  too,  there  are  some  seasinB  when  contractors  and  their 
plants  sre  abundant,  and  work  Is  scarce.  The  revenues  from  such 
plasts  are  then  correspondingly  small. 

I  Itare  found  that  a  roadmaklns'  plant  does  not  average  100  days 
iJ^nslly  worked  per  year.  A  10-ton  steam  roller  costs,  say.  t^.GOO ; 
3:id.  It  Interest  Is  charged  at  8%  per  annum,  we  have  (ISO  to  be 
'<i-'<trlbuted  over  100  days — not  over  ItG  days,  as  many  engineers 
hare  dona 

I>epreclatIon.  ot  course,  does  not  go  on  ns  rapidly  when  a  plant 
a  idle  as  when  working,  provided  the  plant  Is  properly  housed  and 
fared  for ;  but  the  housing  and  the  care  cost  money.  Moreover, 
roAnj  kinds  of  machlneH  become  obsolete  In  a  few  years,  so  that 
depi-Klation  cannot  be  said  wholly  to  cease  while  the  plant  Is  Idle. 
AU  the  annual  repairs  and  depreciation  and  all  Ihe  cost  of  hous- 
me  and  caring  for  the  plant  should  be  distributcil  over  the  average 
nnmber  of  days  actually  worked.  If.  on  a  10-ton  steam  roller,  the 
uinual  depreciation  Is  fSOO.  we  have  t20D-^100,  or  |Z  per  day 
■Tirked:  and  If  we  adil  to  this  the  %l,bO  per  day  charged  to  In- 
Isrtst,  we  have  a  total  of  J3.50  per  day  worked.  Now,  such  a 
'^'ge  should  be  made   by  the  contractor  even   where  he  uses  hiB 

It  may  t»e  asked  why  the  Interest,  repairs  and  depreciation  are 
dlKrtbuled  over  the  days  actually  worked,  the  answer  Is  that  the 
oiitpnt  of  the  plant  Is  usually  estimated  as  so  nnd  so  many  units 
f  day,  and  that.  In  consequence^  all  costs  should  be  reduced  to 
ilwmme  basis. 

Is  such  states  as  New  York  thero  are  only  about  8  months  of 
Ok  rear,  and  about  21  or  22  days  per  month,  suitable  for  economic 
ftdoor  work  of  the  class  of  earth  excavation.  Weather  records 
*fll  niable  any  one  to  predict  with  reasonable  accuracy  the  num- 
IM  Of  working  days  per  year  In  any  locality. 

Cast  of  Buperfntendence  and  Qensral  Expense. — The  cost  of  fore- 
Uiulilp  on  contract  work  seldom  exceeds  15%  of  the  cost  of  labor. 
"•I  tt  seldom  runs  much  below  E%.  It  one  must  guess,  perhaps  10% 
)•  s  blr  average.  These  percentages  Include  the  salaries  of  fore- 
"es  only.  The  salaries  of  general  superlntendente  and  office  men, 
"I  sU  office  expenaee  are  preferably  called  "general  expenses" 
'  tted  e(p«naes."  General  expenses  seldom  amount  to  less  than 
■'i-  lod  OD  small.  Intermittent  Job  work  they  may  run  much  higher. 
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In  eatlmatlnK  aupervfalon  by  the  percentage  method,  care  should 

bo  taken  to  exclude  tlie  cost  of  materials  and  to  base  the  eatimate 
upon  the  labor  only.  A»  an  illustration:  The  Qsnara!  QipeiiBeB 
for  the  average  American  railway  are  3.9%  of  the  total  expense  of 
operation   (tncludlnB  maintenance),  dlstrlbute<I  aa  (oUowe: 

Salaries  of  Renpral   ofllcers 0.828 

Salaries   of  clerks  nnd  attendants 1.3TZ 

Qeneral   office   e:tpenscs  and  supplies 0.S81 

Insurance     0.481 

Law   expenaes    0.158 

Stntionerj'  and  printing   (general  office) 0.18! 

Other    expenSTB    0.300 

Total   general    expanse 3.81$ 

This  does  not  Include  superintendence  of  "maintenance  of  way." 
or  at  "maintenance  of  equipment,"  nor  ol  "conducting  tranaportn- 
tion."  The  flret  of  these  Items  Is  not  reported  separately,  but  we 
ehall  aaeume  It  to  be  the  same  as  maintenance  of  equipment  since 
the  gross  expense  for  maintenance  ol  way  Is  practically  the  same 
as  for  maintenance  of  equipment 

Percent. 

Maintenance  of  way    (assumed) D.SGt 

Halnlennnre    of    equipment 0.S81 

Conducting     transportation 1.776 

Z.8ftg 

This  gives  a  total  of  practically  3%  for  superintendence  and  3% 
more  for  general  expense  If  we  exclude  "Inaurance"  and  "law  ex- 
pense" from  general  expense.  But  this  combined  6%  la  S%  of  the 
gross  operating  and  maintenance  expense,  only  60%  of  which  Is 
labor,  the  remaining  40%  ticing  for  materials,  supplies,  etc  Hence. 
the  percentage  tiased  on  labor  alone  Is  10%  for  general  expense  and 
superintendence,  about  equally  divided  between  the  two.  For 
further  study  of  these,  see  the  Hallway  Section. 

For  data  on  the  expense  of  enelneerlnt;  supervision  of  public 
works,   see  the  Surveying  and  Engineering  Section. 

Throughout  this  book  are  numerous  data  on  costs  of  supervi- 
sion, for  which  consult  the  index  under  Supervision.  Also  con- 
sult the  index  under  General  Expense. 

Percentsee  to  Allow  for  Contingencies — After  estimating  the 
probable  cost  of  every  Item  of  work  as  closely  as  posslbla.  Including 
superintendence  and  general  expenees,  a  percentage  should  generally 
be  added  for  contingencies.  A  very  common  allowance  Is  10% : 
Ijut  no  such  rouRh  guessing  Is  Indulged  In  by  either  a  careful  engl- 

Contingenclcs  Is  an  Item  used  to  insure  against  oversights  and 
Ignorance.  On  work  where  sub-contracts  can  be  let  at  once  for  the 
materials,  there  Is  practically  no  risk  taken  on  material)^  hence 
there  Is  no  Justiflcatlon,  on  the  part  of  the  contractor,  In  mahlog  an 
allowance  to  cover  contingencies  on  materials.  The  engineer  who 
designs  a  structure  may  be  Justified  In  making  such  an  allowance 
to  cover  possible  Nils  for  "extras,"  but  not  otherwise.  On  the 
other  hajid,  It  is  often  wise  to  make  an  allowance  to  cover  fM- 
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Ale  imgictencr  at  laborers,  or  possible  strikes;  or  possible  rise  la 
ntea  of  wages :  for,  alter  eatlmstlnK  Ihe  average  cqat  of  labor  on 
»  Siven  stnjcture,  there  Is  always  some  risk  of  exceedios  the  aver- 
■te.  for  Btnne  unforeseen  reason.  On  larEe  Jobs  both  the  deslKn- 
Ine  enslneer  and  the  contractor  are  Justllled  In  adding  from  6  to 
11%  to  ealtmated  laboT  casta  to  cover  contlngencieB,  If  the  price 
af  materials  has  been  steadily  rising,  then  a  study  should  be  made  o( 
price  curves  estendinK  over  several  years  In  order  that  some  rational 
allowance  may  be  raade  for  the  probable  rise  In  prices  of  materials 
before  they  can  be  Bub-contracted  for.  If,  on  the  other  hand,  prices 
are  on  the  downward  curve,  a  contractor  may  feel  lusllfled  In 
hiddtns  lower  than  he  otherwise  would.  The  best  way  to  arrive  at 
an  aUowance  for  contlnxeniles  la  to  keep  a  full  record  of  the  estl- 
naled  cost  of  each  Item  ot  work,  and  subsequently  compare  It  with 
the  sclual  cos^  In  this  way  It  will  be  fsund  Ihat  there  Is  seldom 
•■  Job  OD  which  every  item  of  cost  can  be  accurately  prealcteii. 

Percentage  to  Allow  for  Profits. — The  common  method  of  adding 
uniformly  10  or  l£7o  for  profits  Is  open  to  serious  objections,  among 
which  ar«  the  following:  (1)  The  percentage  lo  add  for  proflts  on 
nacertals  should  usually  be  less  than  the  percentaKe  to  add  for 
preHti  on  labor,  particularly  when  protlta  anil  eontlngencles  are 
himped  tOEelher;  (2)  the  time  element  and  the  siie  of  the  Job 
il»uld  always  be  factor*  in  considering  profits,  for  profits  are, 
•tTlctty  speaking,  the  salaries  of  the  contractors;  (1)  the  number 
of  dollars^  worth  of  contract  work  that  can  be  secured  and  handled 
each  average  year  must  be  considered,  for  the  reason  Just  given: 
M)  Ihe  percentage  for  proBts  Is  often  made  lo  Include  Interest  On 

■on  for  not  using  a  uniform  percentage  like  159t. 

That  there  Is  need  of  calling  attenllon  to  these  elementary  prln- 
iStAra  Is  apparent  when  one  notes  erroneous  statemenls  found  In 
BMny  teit-books. 

On  materials,  such  as  brick,  timber  and  steel,  that  can  be  bought 
by  sub-contract  Immediately  after  Ihe  award  of  the  main  contract. 
o:ie  may  estimate  a  low  profit,  say.  10  or  15%:  but  on  labor  the 
profit  should  usually  range  from  15  to  SS'/f,  or  even  higher  If  con- 
Ungendea  are  Included  In  the  percentage  allowed  for  proflls. 

On  contract  work  that  can  be  done  only  during  a  few  months  of 
the  year,  and  especially  on  work  requiring  a  large  Investment  In 
plant,  such  for  example  as  macadam  ro^d  ^ork.  the  percenlfege  of 
profits  must  usually  be  above  the  average  of  the  percentage  on  work 
flat  extends  over  a  longer  period.  If  engineers  fully  realized  the 
tmporlaiice  of  this  fact  they  would  be  at  more  pains  to  award  all 
Ufbway  contracts  early  In  the  spring  of  the  year,  so  that  a  longer 
Mason  would  be  available  than  Is  now  the  casi^. 

Causes  of  Underestimates. — Engineers  have  been  said  to  be  men 
,  "bo  ean  be  relied  upon  In  every  respect  save  one — ability  to  pre- 
<lt<:t  the  cost  ol  work.  The  reasons  why  engineers'  estimates  have 
w  often  been  unreliable  may  he  enumerated  as  follows : 

1.  Students  of  engineering  are  seldom  trained  In  the  art  of  cost 
;  but  left  to  acquire  that  art  haphazard  after  graduation. 
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2.  Articles  descrlptlvo  of  eneineerlng  structures  seldom  contalTi 
an  analysis  ol  the  unit  costs. 

3.  A  subsurface  survey  Is  frequently  not  made ;  and.  as  a  con- 
Bequenco,  uneipected  materials  are  encountered  In  excavating. 

4.  A  Bludy  of  tha  Bources  of  local  materials,  their  suiUblllty 
tor  the  work,  and  their  unit  cost  delivered,  is  often  not  made;  and. 
as  a,  result,  specltlcatlons  arc  frequently  drawn  that  cannot  be 
lived  up  to  picept  hy  ImporllnK  materials  at  gre.it  enpenae. 

G,  The  coat  of  elearlnfr,  and  draining  the  work  Is  often  undei^ 
estimated,   or   ignored    entirely. 

6,  The  ^8t  of  temporary  bracing,  support,  roadways  and  de- 
velopment expenses  are  frequently  underestimated  or  omitted. 

7.  llelays  due  to  bad  weather,  and  delays  Incident  to  the  shifting 
of  plant  from  place  to  place  are  often  not  considered. 

5.  Interest  and  depreciation  of  plant,  and  the  percentage  for 
profits,   are  usually  underestlmate:l. 

9.  Inadequate  allowance  ia  made  for  superintendence  and  gen- 
eral expense. 

10.  The  cost  of  Inspection   and   engineering  may  be  underestl- 

n.  L>egal  expenses  due  to  the  abandonment  of  the  work  by  a 
contractor,  or  due  to  suits  brought  by  those  who  claim  damages  to 
life,  limb  or  property,   are  generally  not  allowed  (or. 

IZ.  Changes  In  the  allnemenl  or  In  the  design,  made  after  con- 
tracts have  been  awarded,  may  result  In  large  claims  for  extra 
compensation. 

13.  Omissions  due  to  carelessness  or  Ignorance  ol  subordinates 
In  the  engineering  atatl  may  result  tn  further  claims  for  extras. 

U.  RnlcB  of  wages  and  prices  of  materials  may  rise  ;  and.  If  the 
work  Is  large,  the  work  itself  may  be  the  cause  of  such  Increases. 

IS.  When  hljfh  wages  are  due  to  scarcity  of  men.  en  "Independ- 
ence"  Is  bred  In   the  workmen  which  decreases  their  efHcIency. 

18.  A  large  number  of  competent  foremen  frequently  can  not  bis 
secured  for  a  large  work,  resulting  In  decreased  eW^lency  of  work-    - 

n.  If  an  estimate 
Is  grave  danger  of  e 
bids,  etc. 

18.  If  unit  prices  are  estimated  before 
drawn,  the  speclllcallon  requlreraenls  may  h 
to  Increase  the  cost  of  Important  Items. 

19.  Limiting  competition  by  the  drawing  of  unfair,  or  IndeRnlte 
speclflcatlonB,  Is  a  common  cause  of  hlKh  bidding  prices.  Severe 
interpretation  of  Indefinite  clauses  often  causes  fallura  of  contract- 
ing firms,  and  the  history  of  such  failures  operatea  to  limit  subse- 
quent compeUtlon.   and   raise  prices. 

BO.  (Tonlractors  may  combine,  especially  where  the  work  Is  let 
in  voi'y  large  contracfB.  and  rnlee  prices. 

Indexing  Cantrict  Prices.— In  order  to  fix  a  bidding  price  on  the 
proposed  work.  If  no  actual  records  of  similar  work  nre  available. 
It  la  customary  to  hunt  up  bidding  prices  on  similar  work,  alrlke  an 


COST  I^EEPING.  49 

,  bid  a  little  below  tha  average— and  trust  to  luck.  To 
make  this  pnnvsa  leaa  of  a.  gainble.  It  [s  nine  to  secura  back  Tol- 
umes  of  engineering  perlodlcalg,  and  make  a  scrap  book  ualng  the 
rattsB  of  the  Journal  that  relate  to  contract  prlcea  Then  ae  the 
scrap  book  should  be  Indexed,  a  word  as  to  Indexing;  may  be  of  OM- 
■(stance.  There  should  be  heads  correaponiltng  to  the  Items  usually 
founA  In  biddlne  sheets,  as  follows:  Asphalt  Pavement.  Ballast, 
Bofta  and  Spikes,  Brick  Masonry.  Brick  Sewers.  Brick  Paving, 
Brtdges,  Castings,  Catch -basins,  Cement,  Clearing  and  Orubblng, 
Concrete.  Curbs,  Earth  Eicavatlon,  Embankment,  FlagglnK,  Flush- 
tanks.  Gravel,  Gutter,  Hydrants,  Iron,  Lampposts,  IiCad,  Macadam, 
Manholes,  Masonry  (Btone  only,  and  not  brtck  or  concrete).  Piles, 
Pipe  Sewera.  Puddle,  Railing,  Riprap.  Rock  Excavation,  Sidewalks, 
Sodding.  Specials,  Steel,  Stone.  Timber,  Tracklnying,  Valvea,  Water 
Pipe,  etc  As  far  as  possible  select  headings  thai  denote  the  kind 
of  material  used  In  the  structure;  hut  where  this  cannot  bo  done 
without  confusion  select  the  name  of  the  structure  as  It  ordinarily 
appears  in  bidding  sheets.  Do  not,  as  a  rule,  use  such  headings  as 
the  following:  Abutments,  Filling.  Dredgod  Material,  Foundation, 
VltriDed  Brick  Paving,  etc.  An  abutment  often  contains  piling, 
concrete  and  cut  stone  masonry,  and  In  using  the  Inttex  It  may  not 
occur  to  you   to  look  under  abutment  when  looking  up  prices  on 

Having  decided  upon  headings,  cut  up  a  lot  of  paper  strips  about 
an  Inch  wide  and  four  Inches  long,  and  proceed  to  go  through  the 
printed  pages  to  be  Indeied.  When  a  bid  on  Concrete  Is  found, 
write  on  one  of  these  slips.  "Concrete,  pavement  foundation,  p.  SO." 
Throw  the  slips  aside  as  the  index  entries  are  madei  and.  after  a, 
volume  has  been  Indexed,  assort  the  slips  alphabetically,  and  have 
a  typewritten  Index  copied  from  them.  Simple  as  this  method  Is, 
the  Inexperienced  man  Is  not  likely  to  think  of  it,  and  failing  to 
think  of  it  be  will  look  upon  the  Job  of  Indexing  as  being  so  great 
a  task  tliat  In  all  probability  no  Index  will  be  made.  Indexes  pub- 
IMied  at  the  end  of  the  year  by  the  technical  Journals  are.  as  a,  rule, 
of  no  value  to  the  contractor ;  furthermore,  the  currant  Issues  of 
conatroctlon  news  should  be  Indexed  as  fa.it  as  received.  Especial 
care  should  bo  taken  to  Index  classes  of  work  that  are  out  of  the 
ordlnarT.  for  whenever  bids  must  be  submitted  on  similar  work  no 
better  gnlde  than  previous  contract  prices  is  apt  to  be  found. 

In  recording  bidding  prices,  tt  Is  well  to  record  not  only  the  lowest 
bid,  but  the  average  of  all  bids,  stating  the  number  of  bidilera    ' 

In  Judging  the  reasonableness  of  a  bidding  price.  It  is  of  great 
uslstance  to  know  the  exirarlence  of  the  bidder  on  the  particular 
class  of  work  In  question.  Hence  a  knowledge  of  the  history  of 
contractor™  l-\  a  decided  aid. 

Care  should  t>o  taken  to  examine  not  merely  a  contractor's  bid 
upon  the  one  item  that  Is  under  consideration,  but  his  bidding 
prices  on  a'l  the  Items,  to  Judge  whether  or  not  he  may  have  un- 
balanced bla  bid  to  conceal  his  Judgment  as  to  a  fair  price  (or  each 
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Unbalancad  BIdi. — A  bid  Is  said  to  be  unbalanced  when  too  blsh 
a  price  la  purpoasly  bid  upon  una  or  more  Itema,  accompanied  by 
aja  offaettlng  low  price  on  one  or  more  ot  the  remalnlnjc  Items. 
Thua,  If  a,  fair  bidding  price  for  earth  excavation  la  2G  eta.  per  cu. 
yd.,  and  (or  rock,  tl.OO  per  cu.  yd.,  the  following  forma  an  ex- 
ample of  a  bid  that  la  balanced,  and  one  that  la  unbalanced: 
Balanced   Bid. 

l.OOD  cu.    yda.    rock,    at   tl.OO 1 tl-OOa 

20,000  cu.  yd&  earth,  at  10.35 G.OOO 


Unbalanced   Bid. 

000  cu.  yds.   rock,  at   |2,00 

000  cu.  yda.   earth,  at   10.20 


Total     ta,000 

It  will  be  seen  thnt  the  total  bid,  J6.000,  la  the  aame  la  both 
caaea  In  the  lecond  caae.  however,  the  12  bid  on  rock  Is  alto- 
gether too  hlKh.  and  the  20-ct,  bid  on  earth  Is  too  low,  hence  the 
bid  Is  unbalnnced.  The  objects  of  -unbalancInK  blda  may  be  three: 
(1)  To  aeciire  an  abnormally  hlKh  profit  on  any  Item  the  yardasa 
(or  quantity)  of  which  la  likely  to  be  Increased  after  the  contract 
has  been  awarded:   (2)   to  aecure  a  larire  profit  on  the  Items  at 

from  compeUtira  what  poch  Item  of  work  la  actually  worth. 

To  prevent  the  unbalancing  of  btda,  entdneers  resort  to  various 
eKpedlents,  among  which  are  the  following:  (1)  Insertion  of  a 
clauae  In  the  "Invitation  to  bidders"  warning  them  that  an  unbal- 
anced bid  will  cause  the  rejection  of  the  bid;  (2)  requiring  a.  lump- 
sum bid  on  the  work:  <2)  pubilshlns  the  engineer's  schedule  of 
Items  and  an  estimated  price  for  each  Item,  then  requiring  either 
(a>  that  each  contractor  shall  bia  a  uniform  percentage  on  all  the 
Items,  or  (b)  that  the  contractor  shall  bid  hla  own  price  on  each 
Item,  no  unit  price  being  In  exceaa  of  a  certain  percentage  ot  the 
englneer'a  estimated  unit  price.  The  first  ot  these  two  methods  la 
called   the  "percentage  method  of  bidding." 

A  fourth  method  ot  preventing  unbalancing  of  blda  on  small  Items 
likely  to  be  Increased  In  quantity  may  be  suggested.  It  would 
r'onslst  In  naming  a  definite  unit  price  that  will  be  paid  On  each  of 
the  minor  Itema,  and  leaving  the  contractor  tree  to  bid  his  own 
prices  on  the  other  items 

Tlie  grealest  dnnger  from  an  unbalanced  bid  Ilea  in  subsequent 
change  ot  quantities  Suppoae  that  In  the  above  given  example,  ac- 
tual work  dlacloaea  that  a  far  eroater  quantity  of  rock  exlata  than 
the  1,000  cu.  yda.  given  In  the  bidding  sheet.  Suppose  the  actual 
quantltlea  in  the  dnal  estimate  are  reversed,  and  that  there  are 
20,000  cu.  ydd.  ot  rock  and  1,000  cu.  yds.  of  earth.  We  then  have 
these  results : 

Balanced  Bid. 

80,000  ou.  yds.  rock,  at  (l.OO tEO.OOO 

1,000  cu.    yds.    earth,    at   (0.25 3E0 

Total     120.260 
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Unbaulhcbd  Bm. 

tO.OOO  cu.   yda.   rock,   at  fJ.OO MO.OOO 

1,000  cu.    yds.    earth,   at    tO-^O 200 

Total      140.200 

We  Bra  that  If  the  unbalanced  bid  la  accepted  the  work  coats  In 
the  end  aJmOEt  twice  as  much  as  It  would  have  cost  had  the  bal- 
anced bid  been  accepted:  yet  the  two  bids  Were  the  same  (ft.OOO), 
accordins  to  the  preliminary  eatlmate. 

It  rarely  happens  that  nich  an  extreme  case  as  this  occurs  la 
practice,  sItbouKh  I  have  known  several  Quite  as  bad.  The  prin- 
ciple, however,  IB  beat  Illustmted  by  an  extreme  example. 

It  Is  common  practice  among  paving  contractors  In  many  cities  to 
unbalance  their  bids  for  the  sake  of  concealing  their  eattmateB  at 
actual  W01  Ch  i  as.  for  example,  among  asphalt  paving  companlea 
Bidding  prices  must,  therefore,  be  looked  upon  with  ausplclon  al- 
war*>  Mpeclally  when  u«ed  bh  guides  tor  estimating. 

An  i>nbalanced  bid  Is  a  twu-edged  sword.  It  may  actually  ruin 
the  contractor  wIm  makes  It,  II  It  happens  that  he  has  erred  and 
that  the  ijuantltles  on  which  he  has  bid  too  low  are  greatly  Increased, 
wftiumt  a  corresirandlng  Increase  In' the  quantities  on  Which  he  has 
bid  hl^     Like  all  tricky  practlcee.  It  Is  a  dangerous  one, 

Surctjr  Company  Bonds. — It  li  becoming  more  and  more  the  prac. 
tice  to  require  contractors  to  furnish  the  bonds  of  a  aurety  com- 
pany ratiier  than  the  bonds  of  individuals  for  the  faithful  perform- 
ancs  of  Ihe  work.  This  Is  not  only  good  public  policy,  but  It  Is  In 
the  Ijest  Interests  of  contructors  themselves. 

No  man  should  put  in  Jeopardy  the  property  ol  his  friends  by 
a&log  them  to  (TO  on  hla  bonds  for  a  contract  It  matters  not 
bow  snre  he  may  be  of  himself  and  of  hla  ability  to  execute  the 
work  at  a  profit,  for  hs  should  bear  In  mind  that  a  strike  beyond 
Us  control  may  upset  all  calculations  Furthermore,  a  young  con- 
tractor's own  estimate  of  lilmself  Is  apt  to  have  an  optimistic  tint, 
to  ny  the  leaat-  A  aurety  company  should  be  consulted,  and  It  Is 
well  to  go  to  such  a.  company  at  first  with  only  a  small  contract  for 
which  bondsmen  are  desired.  Be  prepared  to  give  them  In  detail 
yonr  experience  and  your  financial  resources,  exaggerating  neither; 
(Or,  In  case  of  subsequent  failure,  criminal  proceedings  may  be 
brought  aeainst  a  man  who  has  misrepresented  hla  resources.  If 
yon  have  but  little  cash  capital,  frankly  say  so,  but  lie  prepared  to 
tliow  Id  detail  how  you  propose  doing  the  worit  with  the  funds 
(.nllahle.  Suppose  you  expect  to  have  n  |E,4D0  earth  work  Job 
10  do:  that  you  will  have  12  weeks  tn  which  to  do  It.  with  two 
vceks  margin  for  delaya.  etc ;  and  that  payments  of  SB  i>er  cent  of 
(be  eotlmatsd  value  of  the  warlc  done  are  to  be  made  monthly, 
and  you  purpose  beginning  the  work  the  middle  of  the  month.  Tou 
Cftlmate  the  work  to  cost  14,800,  hence  your  weekly  pay-roll  will 
be  1400  if  the  work  Is  done  In  1!  weeks  Tou  are  to  pay  your  men 
erery  two  weeks,  hence  you  need  only  tBOO  In  cash  to  carry  you 
mtn  the  first  of  the  month,  and  'as  your  contract  calls  for  the 
nmthly  paymant  to  be  made  the  IDth  day  of  the  month,  you  can 
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count  upon  receiving  |T6B  (85%  of  one-slxth  ot  15,400)  fn  time  to 
apply  on  the  next  pay  roll.  Your  cash  capital  to  atart  with  1b 
tl,800,  or  practically  twice  as  much  cash  as  will  carry  the  work.  In 
case  there  are  no  unforeseen  delaye,  an<3  In  case  you  have  not  under- 
CBtlmated  Its  coat.  II  you  are  able  to  persuade  the  surety  com- 
pany'a  representative  that  your  estimate  o!  actual  coat  of  the  work 
Is  reliable  there  should  be  no  dllflculty  In  securing  their  agreement 
to  act  aa  your  bondamen. 

Reasons  Why  Contract  Work  la  the  Most  Economic  Method  of 
Doing  Public  Work. — There  are  two  methods  of  doing  public  worki 
(I)  The  day  labor,  Or  government  force,  method:  and  (2)  the  con- 
tract method. 

By  the  day  labor  method  the  government  (county,  town,  city, 
county,  city  or  federal)  hires'  the  workmen  and  directs  th^r  worlt. 
The  alleged  advantagea  of  this  method  are: 

I.      It  saves  the  contractor's  pronta 

Z.      It  Insures  better  work. 

3.     It  avoids  lawsuits, 

1.  It  permits  beginning  work  without  a  complete  survey  or 
plans,  and  thus  hastens  completion. 

5.      It  gives  employment  to  local  cltlceOB  and  keeps  all  the  money 

As  to  the  first  alleged  advantage  there  Is  an  evident  fallacy,  for 
the  attitude  Is  one  of  regarding  a  conlractor's  profit  as  something 
other  than  a  recompense  for  his  skilled  servlcea  A  contractor'a 
prollt  Is  his  compensation  for  services — nothing  else.  Hence  when 
a  contractor  Is  dispensed  with  there  must  be  a  subatltutlon  of  some 
one  In  his  place  to  render  the  service  of  manager.  It  Is  often  urged 
that  since  a  government  must  supervise  a  contractor,  to  see  that  he 
does  his  work  properly,  It  la  really  paying  twice  for  auperi'lslon  of 
the  workmen.  This,  again.  Is  tallacloua  for  two  reasons;  (1> 
Supervision  Ihnt  la  merely  Inspection  la  far  cheaper  than  supervi- 
sion that  conalsla  In  managing  men:  (2)  there  should  be  Inspection 
of  work  done  by  government  employes,  and.  In  my  opinion,  there  Is 
need  of  a  much  more  rigorous  and  expensive  Inspection  of  their 
work  than  of  work  done  by  contract.  Government  employes  are 
prone  to  depart  from  plans  and  specincallons,  often  for  the  sale 
purpose  of  partly  concealing  the  otherwise  high  costs  that  would 
become  evident  to  all.  It  is  (he  verdict,  too.  ot  practically  all  un- 
biased and  experienced  engineers  that  day  labor  work  does  not 
deliver  as  good  quality  of  product  as  contract  work.  This  answers 
argument  2, 

As  to  argument  3.  avoidance  of  lawsuits,  we  have  an  advantage 
that  la  certainly  well  founded.  It  does,  but  the  average  cost  of 
lawsuits  la  Bo  small  a  fraction  ot  the  total  cost  ot  construction 
work  done  by  contract  aa  to  be  unworthy  of  serious  consideration. 
Moreover  lauiSKfts  of  thit  fc^nd  are  almoat  fnvarlablt;  tAe  remit 
eitlier  of  amIiJiTuous  iped/I cations  or  of  cAanirlnjr  plana  isll hoM 
eqvilable  proviiton  for  pai/ment  arising  from  a  ehanga.  The 
remedy  for  this  condition  la  not  an  entire  abandonment  of  the  con- 
tract system.     As  well  might  a  surgeon  cut  oft  a  man's  leg*  be- 
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eanaa  be  aqulnU.  Lawsulta  are  avoidable  and  are  avoided  br  the 
beat  engineers,  for  they  perfect  their  plans  before  securing  bids, 
their  veclllcatkins  are  so  framed  as  to  provide  perfectly  (or  any 
cbanse^  and,  Onally.  thev  neuer  vitiate  tht  lorttien  mmtrtmt  bji 
departing  one  iota  from  its  firovUloni. 

There  are  manr  "o  called  "contraclorB'  lawyers"  In  our  larger 
cities^  who  are  little  else  than  a)[[lled  thieves  In  league  with  other 
Ihleves  who  get  coDtract&  That  these  "contractors'  lawyers"  are 
able  to  make  money  (or  themsolves  and  their  cllenlH  Is  due  almost 
^itlrety  to  the  (act  that  engineers  do  not  adhere  rigorously  to  the 
■pecIQcatlons.  For  If  a  lawyer  can  prove  that  the  Bpecmcations 
hare  been  violated,  even  to  no  great  extent,  no  contract  exists,  and 
there  Is  ground  for  recovery  of  profits  guanlum  meruit — as  much 
as  he  desen-ed.  This  leads  to  expert  testimony  as  to  profits  reason- 
ably to  be  expected,  and  this  usually  leads  to  a  verdict  Chat  Is  a 
compromise  between  the  two  extremes  of  testimony.     RaHways  and 

because  their  policy  Is  not  to  award  contracts  to  contractors  of  the 
Und  above  mentioned.  Public  officials  should  also  he  empowered 
to  reject  bids  from  contractors  wlio  have  a,  record  as  litigants,  as 
well  as  from  contractors  who  can  not  show  sufficient  experience  and 
ftnanclal  resDurces.  A  remedy  for  an  evil  Is  always  pre(erable  to 
the  whole^le  execution  of  Innocent  and  guilty  alike. 

As  to  the  alleeed  advantaite  of  beglnnbig  work  before  plans  ar» 
complete,  I  deny  it  to  be  an  advantage.  Innumerable  increases  In 
estimated  con  of  public  work  are  due  to  this  very  thing — beginning 
work  in  advance  of  Che  fullest  study  of  conditions 

Finally,  as  to  employment  o(  local  citizens,  this  Is  precisely  what 
K  contractor  doea  But— and  mark  well  the  difference — a  con- 
tractor does  not  make  his  organization  an  old  men's  home  or  an 
uylmn  for  the  aOllcted.  The  place  for  such  Is  not  on  a  piece  of 
conatmction  where  they  not  only  talce  up  valuable  room  but  act  as 
the  worst  sort  of  examples  for  the  young,  ambitious  and  capable 


Now  let  us  consider  briefly  why  the  contract  system  of  doing 
poblle  work  is  advantageous; 

L  THie  contractor  Is  paid  for  his  services  by  his  proflts,  which  Is 
In  strict  accord  with  the  fundamental  law  of  management  (Sfe 
page  74). 

i.  He  Is  free  to  pay  his  superintendents  according  to  his  Judg- 
tMnt  of  their  worth,  and  all  his  employes  according  to  the  bonus 

1.  The  contractor  Is  a  manager  appointed  by  no  official,  elected 
by  BO  "voice  of  the  people"  (which  Is  more  often  the  voice  ot  Ignor- 
ince  than  "the  voice  of  God"),  selected  by  no  civil  service  exami- 
nation. He  has  become  a  manager  by  virtue  of  the  law  of  the 
•nrvival  of  the  fittest,  as  determined  by  Bfrlfe  for  excellence. 
When  this  metnod  of  selection  ta  to  be  Improved  upon  by  men,  it 
nay  be  well  to  consult  the  Deity  who  established  il. 

4.  A  "public  aervant"  Is  a  servant  without  a  master.  He  may 
Uve  a  "bOM^'  who  acts  as  a  proxy  for  the  niarter.  but  the  master. 
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the  owner  of  the  h<™»e — where  Is  heT  He  Is  the  butcher,  the  baker, 
the  candlestick  maker,  a.  thousand,  a  million,  or.  maybe,  a  hundred 
million  of  him  scattered  acrosi  all  the  acres  between  two  seaa.  He 
never  Is  seen  by  the  servant,  nor  fell,  nor  heard.  This  master  who 
(oots  the  bills  of  those  who  boost  the  bills  never  approaches  an 
Indolent  superintendent  and  lays  a  hand  upon  his  shoulder,  nor 
•ays:  See  here,  my  man,  unless  Jhls  ends,  you  end  this 

He  la  tanelblc;  no  vueue  Hch  Uncle  Sam  oft  somewhere,  but  a 
living  personality  on  the  Job;  not  a  genial  iiersonallty.  with  lota  of 
tnoney  to  throw  away,  nor,  on  the  other  hand,  a  niggard.  His  aim 
Is  to  pay  proportionately  to  service  rendered.  He  may  be  crude  Id 
his  methods  of  dolnc  so.  but  that  at  least  Is  his  method,  which  Is 
Intlnltely  more  effective  than  any  a  Boverninent  uses. 

E.  A  contractor  will  experiment  with  labor  saving  devices.  He 
will  Invent  or  he  will  encourage  Inventors  by  his  aid.  What  gov- 
ernment ever  bred  Inventors  in  Its  service?  A  government  super- 
intendent may  occasionally  bo  so  Invenllve  by  nature  that  not  the 
moat  discouraging  situations  can  stlUe  his  ambition.  But.  as  a  rule, 
the  government  superintendent,  having  nothing  to  gain  by  success- 
ful application  of  an  experimental  machine  or  process,  and  having 
much  to  lose  In  case  of  failure — probably  hie  job — adheres  to  the 
ancient  motto :      "It  is  better  to  be  safe  than  sorry." 

t.  A  eontrsftor  la  not  restricted  to  working  his  plant  In  one 
locality  nor  on  one  class  of  work.  Hence  he  is  frequently  able  to 
keep  his  plant  and  hia  men  buny.  In  whole  or  In  part,  nearly  all  the 
time.  In  the  Roads  and  Streets  Section  of  this  book  the  high  cost 
of  municipal  ,   ,mt  anJ  supervision  expensea  in  New  Orleans  lllus- 

not  work  on  paving,  they  are  idle.  So  are  all  the  "salaried  men." 
A  contractor  would  have  kept  the  teams  at  work  hauling  coal,  or 
what  not.  for  private  concerns,  if  not  in  New  Orleans,  then  else- 
where. But  the  municipality  of  New  Orleans  can  not  engage  In 
private  work,  nor  can  It  compete  for  public  work  In  other  munici- 
palities. 

T.  A  contractor  can  usually  buy  machines,  materials  and  sup- 
plies more  eheoply  than  any  government.  The  absi-nce  of  red  tape 
delays  in  gelling  "action,"  the  certainty  that  no  "graft"  must  bo 
paid  to  officials,  and  other  factora  operate  In  a  contraclor'a  favor,  to 
say   nothing  of  the   fact   that  he   Is   usually  a   more   skilled  pur- 

8,  A  contractor  almost  invariably  does  his  work  at  less  expense 
for  "overhead  charges."  On  the  Piinama  Canal,  which  la  being 
built  by  government  forces,  the  Item  of  Oeneral  Administration 
alone  amounts  to  13  per  cent  (in  1909)  of  the  total  cost!  And 
when  we  consider  that  the  total  coat  Is  fully  double  what  It  would 
cost  a  contractor,  we  have  some  idea  of  the  meaning  of  this  as- 
pen se  Item. 

The  following  extracts  from  a  few  editorials  of  mine  on  this  gen- 
eral Bub^t  of  the  InefBclency  of  the  day  labor  system  of  doing 
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■avstmMDt  woA  will  b«  found  to  contain  the  opinions  of  aeverttl 
cndnaBt  eoslneers: 

Ttwmaa  Talford  «n  th«  Day  Libor  Syitcm.*— One  of  the  Kreateat 
drO  eoslneera  of  all  lime,  and  the  Kreateet  of  hia  own  time,  woa 
ThoniaB  Telford,  the  Inventor  of  the  telfard  road,  enjclneer  of  taun- 
dreda  of  largo  brldgea  and  huElder  of  numeroua  canals  and  docka. 
He  WBB  the  flrat  prerfdent   (ISJO)    of  the  Inatltutlon  of  Civil  Bngl- 

Of  all  the  monuments  to  Telford's  hard,  common  aenee  and  ensl- 
nenin^  akill  none  la  greater  than  the  "Rules  for  Repairing  Roada." 
of  which  be  la  author.  Rule  T  la  entitled  "Management  of  Labour." 
and  reads  aa  folIowB: 

■  All  labor  by  day'a  wages  ought,  as  far  as  possible,  to  be  dla- 
coBtlnued.  The  surveyors  should  make  out  spwiflcatlona  of  every 
kind  of  work  that  Is  to  be  performed  In  a  given  lime.  This  should 
be  let  to  contraclorB,  and  the  surveyors  should  lake  care  to  see  U 
tt>mi)leted    according    to    the    BpeclHcatlona    before    It    Is    paid    for. 

Ikon    (iDo-fkfrrfa    tke    money    expended     bif    daji    labor    (■    uaiiallv 

.  Tills  rule  was  written  a.  century  ago,  but  lime  has  not  altered  the 
aature  of  men  nor  Ihe  aoundneas  of  Telford's  advice. 

It  Is  Intereallng  !n  this  connection  to  record  Teltord'a  succesa  In 
Ihe  building  of  Dearly  1,000  miles  of  roads  In  Scotland  by  contract 
Re  let  IZO  contracts  for  ttlta  work,  w..lch  extended  over  a  period  of 
IS  rc3rst  and  In  that  time  there  was  not  a  single  lawsuit  arising 
from  any  of  these  contracts.  The  work  was  done  with  an  economy 
unoeard  of  before  Telford's  time,  and  It  was  small  wonder  ttiat  hla 
XBjne  spread  beyond  the  British  Isles  and  led  to  his  belns  called  aa 
consulting  engineer  on  numerous  engineering  projects  In  Europe. 

Telford  hail  discovered— or.  rather,  rediscovered — the  principle 
thai  workmen  are  far  more  eRIctent  when  In  th<^  employ  of  an  Indi- 
vidual or  Arm  than  when  In  the  employ  of  a  govemmcnt.  whether 
K  be  of  county,  town,  city  or  state.  His  success  aa  an  engineer 
rested  aa  much  upon  the  application  of  this  principle  as  upon  hie 
own  genlua  aa  a  designer  of  engineering  structures, 

Th*  Opinlona  of  Members  of  the  Am.  80«.  C.  C.  on  the  Day 
Labor  System.: — In  1^9E  there  appeareil  In  the  Transactions  of  the 
AoKrlcan  Soclely  of  Civil  Bnglneera  a  paper  by  Mr.  W.  W.  Follett 
00  toe  "Cost  of  Sewer  Construction,  Denver.  Colorado."  In  which 
■ere  given  data  Intended  to  prove  the  economy  of  day  labor  oa 
cnnqiared  with  contract  work.  Doubtless  the  author  waa  somewhat 
•irprlBetl  to  And  not  a  single  out  and  out  supporter  of  hla  conlentiOTi 
unong  all  Che  members  of  the  society  who  discussed  his  paper.  On 
the  oiner  band,  the  day  labor  system  waa  unanimously  condemned 
•s  B  system  to  bo  applied  In  general  to  city  work.     Some  of  tho 


t  from  an  editorial  In  Buofneertinr-CoittracMtip,  May   6, 
•Abstract    ot    >n    editorial   In   EAgimeHng-Contracting,    June    2. 
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azpresalonB  of  opinion  aro  not  wllhout  Interest  even  now,  cotnlnc  a* 
Ihey  do  from  men  high  In  the  protaasion.     We  quote; 

Moat  citlea  began  their  public  works  by  the  day  labor  plan,  but 
have  been  forced  to  adopt  the  contract  aystem  In  self  defense. — 
Poster  Crowell,  M,  Am.  Soc.  C.  Ei. 

Contract  work  Is  more  desirable  and  che-iper  as  a  rule  than  work 
by  the  day.— Henry  Ooldmark,  M.  Am.  Boc.  C.  B, 

The  writer's  experience  har 
a,  city  leaa  by  contract  than  b 
Am,  Soc.  C.  E:. 

The  tabulated  results  Iglven  In  Mr.  FoUett's  article]  aa  to  co« 
do  not  show  any  slrlklng  saln  over  that  of  contract  work  In  this 
case.  This  la  one  of  a  few  Instances  where  experiments  of  this  kind 
have  bean  Buccessful.  In  probably  seven  cases  out  of  ten  the  politi- 
cal lendenclea  of  boarda  made  up  wholly  of  scheming  politicians  to 
give  Blnecurea  to  political  hanptera  on  would  have  largely  Increased 
the  cost  of  the  work. — Andrew  Roeewater,  M.  Am.  Soc.  C.  E. 

It  Is  the  writer's  opinion  that  In  most  cities  public  work  can  be 
done  to  better  advantage  and  at  leaa  coat  by  contract  than  by  hired 
iQbi.r.— Q.  T.  Nelles.  M.  Am.  Soc.  C.  E. 

Wo  may  add  that  Denver  sewers,  under  dlacusalon,  were  larKA 
brick  sewers,  and  that  each  brick  mason  averaged  Z.OSO  brick  per 
S  hour  day,  wagea  being  t*.  which  ia  far  and  away  bettor  than  the 
Ufual  output  on  day  lfll>or  conalruclion,  but  leas  than  half  what 
Rinny  contractors  secure  from  their  brick  layers  on  sewar  work. 

It  should  also  be  pointed  out  that  a  strenuous  effort  was  made 
by  the  city  offlolala  In  this  case  to  prove  that  day  labor  work 
would  be  the  moat  economical  for  all  sewer  construction  to  bo  done 
In  the  fulure,  and  they  were  not  only  free  to  alter  the  B|}eclflca- 
tlons  to  attain  their  end,  but  naturally  prompted  to  do  bo  by  self 
interest.  In  discuaslns  thia  feature  of  the  case,  Mr.  O.  T.  Nellea.  H. 
Am,  Soc.  C.  B.,  said : 

"Another  Important  factor  In  the  cost  of  work  done  under  proper 
supervision  In  this  manner  by  cities  la  the  fact  that  they  do  not  enter 
into  a  binding  contract  with  themselves  to  do  the  work  In  a  flxod 
manner  and  under  rigid  nieclflcations,  as  la  the  case  when  work  is 
done  by  contract.  On  the  contrary,  they  are  always  at  liberty  to 
Diake  such  change  in  methods  or  materials  its  experience  may 
prove  to  be  beneficial  and  economical  to  the  work.  Under  the  con- 
tract system  It  ia  rarely  possibie  to  make  si^ch  changes,  no  matter 
how  dealrable  they  may  be,  without  raising  a  cry  of  fraud  or  violat- 
ing some  of  the  terms  of  the  contract.  Aa  a  consequence  when- 
ever there  Is  a  choice  of  materials  or  methods  under  the  contract 
system,  (ha  most  expenaive  to  (he  contractor  i«  usuoll!/  adopted." 

Wo  hava  ItallclzeiJ  this  laat  clause,  for,  unfortunately.  It  ex- 
preasea  the  truth  about  the  tendency  on  the  part  of  many  engineers 
to  exact  not  merely  the  laat  pound  of  fleah,  but  to  call  for  an 
avoirdupois  pound,  although  the  apecincations  might  well  be  Inter- 
preted to  refer  to  a  Troy  pound.  This  particular  feature  of  con- 
tract work  la  perhaps  the  one  most  worthy  of  careful  consideration 
by  the  engineer  who  alms  to  secure  low  bids  from  reliable  flmtK 
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TlMre  la  but  one  way  of  aceompllibhiK  thia  end — uunelr :  by  pre- 
paring qieclflcatlona  with  as  great  care  aa  la  gMen  Co  tba  wark  ot 
BBklnc  the  dravliiga.  Sewer  Q>«clBcatloiia  are.  as  a  rule,  par- 
tinttaiiT'  weak  In  all  that  relates  to  the  excavation  of  materials 
Geaeraliy  no  aauDdlnes  or  teat  pits  are  made  by  the  enKlaeers  and 
M  claaaiflcatloD  of  materials  other  than  "earth"  and  "rock"  la 
glTeii.  Not  only  la  there  no  sub-surfsce  aurver,  but  there  la  not 
even  a  fair  attempt  in  tne  speciOcatlona  to  provide  for  payment 
1  upon  what  may  actually  be  encQuntared.  Practically  all  the 
''  to  which  Hr.  Nelles  refers  would  be  unnecessary  were 
proper  •ub-surface  mrveys  made  In  advance  of  makins  the  design 
•Dd  drftwlDe  the  apeclflcatlona 

Hr.  Pnmkllo  Riffle.  In  Trans.  Am.  Soc  C.  E..  VoL   S3    (189G}.  p.    ' 
Sie.  saya: 

"Some  years  aen,  while  connected  with  railroad  construction  on 
tbs  Pacific  coast,  the  writer  took  palna  to  compare  the  cost  of  com-  ■ 
panr  work  with  the  cost  of  contract  Work,  and  waa  somewhat  sur-  ■ 
prised  to  discover  that  In  nearly  every  case  Invsatlgated  the  former 
exceeded  the  latter,  the  excess  TansliK  from  25  to  100%.  The  re- 
cently constructed  water  works  system  of  Portland,  Oregon,  fur- 
nlAea  an  Instructive  example^  •  •  •  'Hiere  was  considerable 
work  done  by  day  labor,  under  the  mistaken  Idea  that  this  method 
would  ensure  the  moat  satisfactory  results,  liut  the  coat  of  the  work 
lareely  exceeded  the  eatlmate." 

The  Metcalf  and  Eddy  Report  on  the  Day  Labor  Syatem  In  Bos- 
ton.— This  report  contains  the  results  of  the  moat  exhaustive  Invea- 
tieatlon  Into  the  relative  economy  of  the  day  labor  and  the  contract 
aysLems  ever  published  and  Is  convincing  In  Its  demonstration  of 
the  economy  of  the  contract  system.  The  report  Is  one  made  In 
IMS  to  the  Boston  Finance  Commlsalon,  Important  extracts  from 
which  were  published  in  BuffknaerttLa-ContraBtino,  Aug.  2E,  1909. 
•Dd  Id  nibaequent  Issues. 

I  regard  this  investigation  fts  the  (oremnner  of  many  more  of  its 
kind  to  be  made  by  conaultlng  englneera  for  finance  commlsalonB  In 
other  dtles-  In  fact  I  look  to  see  such  finance  commissions  become 
permanent  inatltntlans,  whose  function  It  shall  t>e  to  investigate 
every  denartment  of  a  municipality,  with  a  view  to  determining 
nUi  eett:  Thus  will  the  public  be  put  In  possession  ot  unbiased 
Buts  about  the  economic  or  uneconomic  conduct  of  the  business  of 


Mr.  S.  Whlnsry's  Report  on  the  Day  Labor  System  In  Boston.* — 
On  poees  131  to  US  of  Mb  report  to  the  Boston  Finance  Commis- 
rton.  Mr.  Samuel  Whlnery  saya: 

~(1)  The  claim  that  a  municipality  can  execute  Its  public  work  at 
SB  actual  cost  as  low  aa  the  same  work  can  t>a  done  by  a  contractor 
and  thus  save  the  profit  that  the  contractor  Is  entitled  to  make 
Day  ha  true  as  an  abstract  theory,  but  sxperlence  has  shown  that 
h  Is  not   generally   true  In   practice.      It   haa   In   many   cases   been 

{rum  Bngitivtrinp-OontraetiKB,  Dec  19.  1909. 
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found  trua  Id  ■•olaCed  InBtances  or  for  short  periods  ot  tlma,  but 
ttaea  tho  [iractlca  ba<  b«en  continued  for  a,  conBlderable  period  It  la 
almoat  lnTa.rlal>ly  the  case  that  direct  wortt  becomes  more  expen- 
alve  than  coctroct  work.  The  reasons  tor  this  are  not  dilBcuIt  to 
and.     •     •     • 

"(1)  The  daJm  that  public  work  executed  dlrectlr  br  the 
muDlclpallty  Is  more  certi^n  to  be  of  good  quality  than  If  done  by 
contnict  Is  not  well  founded. 

"It  Is  &  plausible  propoaltlOD  Umt  municipal  offlcers,  havtoK  do 
porvonol  flnanclal  Interest  In  the  results,  wiu  be  actuated  only  by 
the  dealre  to  secure  to  the  city  the  best  quality  of  worlc,  but  ex- 
perience has  not  shown  it  to  be  tru&  There  are  motives  other  than 
the  mere  saving  of  money  that  may.  and  as  a  rule  do,  loSuence  city 
officials  to  cut  down  the  coki  of  public  work  done  under  their  direct 
supervision  to  the  lowest  flgure,  with  possible  detriment  to  the 
quality  of  the  work  done.     •     •     • 

"I  have  Iiad  Eood  opportunity  to  observe  In  many  cities  the 
comparative  quality  of  work  dons  by  the  municipality  direct  and  by 
contract,  and  I  do  not  hesitate  to  say  that,  as  a  rule,  the  former  is 
not  usually  superior  to  the  latter. 

"<3)  The  claim  that  It  Is  either  t>etter  or  mors  economical  for 
the  municipality  to  purchase  and  furnish  contractors  the  supplies 
required  for  public  work  Is  not  supported  by  the  facts.  •  •  • 
many  of  which  are  obvious.  Nor  Is  It  true  as  a  rule  that  a  better 
quality  of  supplies  Is  secured  when  purchased  by  the  city  than 
when  they  are  purchaeod  by  contractors  under  proper  city  q>eclfl- 
catlons  and  subjected  to  proper  insiMtctlon. 

"(4)  The  claim  sometimes  made  that  by  dotnff  Ita  work  directly 
the  municipality  can  so  provide  for  the  employment  and  control  of 
labor  as  to  benefit  the  city  at  large  or  its  dependent  cItlienB  !• 
ralladous  In  practice.  When  public  work  Is  to  be  done  the  necea- 
sary  labor  must  be  employed  either  by  the  city  or  by  the  contrac- 
tor. For  dolnff  the  same  work  the  city  can  use  no  more  labor  tbaa 
the  contractor  If  the  labor  employed  by  each  la  equally  effldent  and 
equally  well  directed.  If  economical  results  are  to  tM  obtained. 
equal  care  and  discrimination  must  be  exercised  In  securlns  labor 
by  the  one  aa  by  the  other.  If  It  be  said  that  the  city  may  wa 
manage  the  labor  supply  as  to  afford  employment  to  Indlxent  or 
InafHcient  laborers  (whom  no  contractor  would  employ),  who  Would 
otherwise  have  to  be  aided  from  the  city  treasury,  It  may  be  an- 
swered that  the  city  can  no  mora  afford  to  employ  that  claaa  of 
labor  than  the  contractor,  and  that  It  Is  better  and  cheaper  In  the 
end  to  pension  or  otherwise  care  for  the  disabled  or  Inefficient. 
Laborers  belouKlns  to  these  classes  do  not  earn  the  wases  paid 
them  and  a  few  of  them  scattered  among  strong  and  able  woritmsn 
have  a  demorallxlng  effect  upon  the  whole  body  by  setting  a  low 
standard  of  accomplishment." 

Experience  With  Day  Labor  on  the  Chicago  Main  Dralnas*  Canal 
and  at  Panama.*— We  now  have  the  annual  report  ot  lbs  Istbmlan 
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,  tMnlns  with  arKumuiU  In  favor  of  conUnulnc 
Ike  tar  labor  ^atem.     We  qtMte : 

"Omlttlns  proflta  derived  from  mbilstaiice  and  generttl  Korea  and 
f  iiiilim  tlM  hours  of  labor  the  oama  In  both  caaea.  It  atanda  to 
nuoD  that  tbe  BOvemmeut,  when  warranted  in  malting  the  necea- 
■17  ODtlaj'  for  plant,  can  do  work  cheaper  than  a  contractor,  (or 
■0  meatlon  of  proflta  enters  Into  the  conaldsratloii." 

It  doea  not  atand  to  reason  that  any  government  can  do  work  as 
Aeaply  aa  a  private  party.  Indeed,  to  make  auch  &  claim  la  Koing 
coDttaiy  both  to  reason  and  to  experience  upon  which  atl  reasoning 
>•  ftnnded.  Tb«  latbmian  Commtaelon  Koee  on  to  explain  that  on 
Ma  of  leaa  mamltude  than  the  Panama  Canal  It  does  pay  to  do 
Hm  work  by  contract  because  In  euch  caaea  the  govemmsnt  hoa 
■utber  the  plant  nor  the  orsanliatlon  to  do  the  work.  In  the  caas 
ot  Panama,  however,  the  government  has  both.  The  grave  falla«y 
In  Ihla  argument  Ilea  In  the  aSBiunptlon  that  It  Is  economlo  to 
■•aid  contracta  only  because  a  suitable  plant  and  an  organlied 
I«ce  of  men  can  be  aecured  quickly.  These,  11  Is  true^  are  toctora 
111  favor  of  a  contractor,  but  If  they  were  the  only  factors,  govem- 
■■wnt  oontiactlng  would  have  disappeared  entirely  fifty  year*  ago. 
Tl>>  goverument  could  well  afford  to  own  a  sufficient  plant  to  do 
■n  fta  conrtructlon  work,  and  It  would  not  take  long  to  build  np  an 
Bfganlvation  to  handle  the  plant  But  plant  end  organization  are 
BtFTtfy  the  toOlA  Back  of  these  tools  must  tte  a  great  Incentive  If 
*eTk  I«  to  be  done  economically  with  this  plant  and  thla  organlaa- 
Hon.  Plant  1b  nothing,  organlcatlon  Is  nothing,  unless  the  brain 
DM  dtrecta  both  is  keenly  l>ent  upon  saving  every  penny  and  en- 
tlnly  free  to  bring  every  resource  to  t>ear  In  effecting  economy.  It 
Is  Qda  lacfe  ol  sufllclent  Incentive  and  of  suffldent  freedom  of  action 
Oax  mekea  every  government  manager  Of  work  far  Inferior  to  the 
BrdtBary  contractor.  A  government  employe  knows  that  bis  salary 
*BI  go  on  rvKOrdleas  of  the  cost     Earth  work  mar  be  costing  the 

CoL  Ooethals  will  draw  his  salary  Juat  the  same,  and  ao  will 
nery  olher  employe  clear  dovm  to  the  water  boy.  It  Is  true 
ttial  the  chief  engineer  la  actuated  by  the  vague  desire  to  make  a 
"load  record,"  but  he  Is  also  well  aware  that  his  "record"  can  not 
Iw  OMoaared  by  any  standard  except  the  accomplishment  of  his 
tm  iiiiiiliimisiiii  s  The  great  desire  to  make  wealth  tor  himself  la 
"Iwlly  absent.  His  brain  Is  warmed  to  mild  glow  by  the  hope  of 
Mng  able  to  "make  good,"  but  there  Is  no  fire  under  his  boiler  that 
Ml  the  steam  valve  popping.  But  granting  him  even  a  conslder- 
■Ue  aaaomt  of  feverish  desire  to  "make  good,"  we  And  him  tiound 
tetd  ai>d  foot,  sot  by  red  tape  but  by  the  Indifference  of  the  vast 
^orltT'  of  his  employea.  Why  should  hia  lieutenants  sit  up 
■Vila  devising  ways  of  reducing  ooBts7  Why  should  they  go  about 
hfing  on  the  workers  by  day  to  sting  them  into  action?  The  one 
act  ^aj  break  down  health,  they  wilt  tell  you,  and  the  other  will 
•My  make  enemies  of  the  men.  What  recompense  will  there  be 
for  Utsae  two  loesesT  A  share  in  the  saving  eRectedT  No.  A  part- 
MlA^   Is   Uw  buslDeasT     No.     An  Increase  In   salary?     No,   tor 
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groverDinents  do  not  pay  on  the  >cala  of  what  a  man  •uvea  but 
upon  the  Bcale  of  what  he  Bi>end&  There  are  no  bonuses,  do  >peclal 
aalarlea  for  excellence  In  aervlcer  no  partnerHhlp*'— nothing  but  a 
mild  hope  that,  it  one  does  not  die  at  the  bottom,  promotloa  to  a 
higher  rank  will  come  soma  day  as  a  result  of  death  at  the  top. 
That  Is  sovernment  work,  and  that  Is  why  a,  contractor's  profit 
represents  not  additional  coBt  to  the  Kovomment  but  merely  a 
•mall  fraction  of  the  saving  effected  ^y  a  capable  man  driven  by 
the  fierce  desire  to  make  that  savlnsr  as  large  as  possible. 

To  Illustrate  what  happens  even  to  a  contractor  when  this  In- 
centive Is  removed;  On  the  ChicoKO  Main  Dralnaca  Channel  the 
flrtn  Ot  UacArthur  Bros,  was  put  in  charge  of  excavating  a  section 
ot  glacial  drift  on  a  percentage  basla  They  furnished  the  plant 
and  organlEatlon.  but  did  not  pay  for  the  labor  or  supplies  out  gf 
their  own  pockets.  That  was  paid  for  by  ths  Sanitary  District,  and 
UacArthur  Broa.  received  111%  for  use  of  plant  and  aupervlston. 
After  a  considerable  amount  of  the  earth  had  been  excavated  at  a 
cost  of  iiH  eta  per  cubic  yard,  the  Sanitary  District  gave  up  this 
day  labor  method  la  ditgusL  In  a  report  on  the  work  Chief  Elngi- 
neer  Isbam  Randolph  said:  "This  worlc  may  be  regarded  as  an 
object  lesson,  clearly  demonstrating  from  an  economic  standpoint 
the  unwisdom  of  entering  into  any  arrangement  for  carrying  on  the 
construction  work  of  the  Sanitary  District  by  the  direct  employ- 
ment ot  labor."  (tllU's  "Chicago  Ualn  Drainage  Channel,"  page  33.) 

We  cite  this  case  because  the  MacArlhur  Broa  are  among  the 
most  competmt  contractors  in  the  country,  but  even  they  could  oat 
combat  tbo  Irresistible  tendency  of  men  to  loaf  the  minute  theg> 
know  that  a  govenunent  la  going  to  toot  the  bill  and  not  a  cmt- 

Sublsttlnn  Work  and  Purchasfng  Materials.— There  Is  aeldom  k 

contract  that  does  not  Involve  subcontracting,  even  whan  the  ortgl- 
nal  contract  specially  prohibits  subcontracting.  E>'ery  purchase  of 
materials  (or  which  cash  is  not  paid  at  once  is  a  subcontract.  The 
term  subcontracting,  howevsr,  is  commonly  applied  to  the  awarding 
of  a  contract  by  the  contractor,  the  subcontractor  being  one  who 
undertakes  to  furnish  the  labor  and  materials  necessary  to  perform 
a  given  portion  of  the  otiglna]  contract. 

Whether  It  be  a  purchase  of  materials  Or  an  award  of  a,  sut)Con- 
tract,  there  Is  one  thing  the  contractor  should  never  nagtect  to  do 
and  thai  is  to  attach  a  copy  of  the  original  specifl cations  to  his 
letter  or  to  his  subcontract.  In  his  letter  or  his  subcontract  he 
should  make  definite  reference  to  the  attached  speclflcations.  stating 
that  the  materials  or  the  work,  or  both,  must  conform  to  thoss 
specldcationa  Failure  to  do  this  may  lead  to  serloua  misunder- 
standings and  losa  Forexample,  In  ordering  paving  bricks  from  a 
manufacturer  if  the  contractor  falls  to  say  that  they  must  be  sublect 
to  the  Inspection  and  tests  of  the  engineer  and  If  a  large  j)er- 
centage  of  the  bricks  are  "culled"  Crejected),  the  mamoCacturer  may 
refuse  to  supply  other  bricks  to  replace  the  "culla" 

Another  point  that  should  never  be  overlooked  is  to  have  a 
wrlttao  contract  <an  exchange  of  letters  will  suOloe)  tor  any  niata> 
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itala  or  work  InvolvInK  a  aum  In  eicesa  ot  the  Bum  •pcclOeil  In  the 
Statute  or  Frauds  of  the  state  In  which  the  material  Is  purchased. 
la  lORie  states  this  sum  Is  less  than  tlOO  and  In  others  tt  Is  fSOO. 
AoT  verbal  contract,  no  matter  how  many  wIlneBsea  may  be  brousht, 
li  vol.lable  if  the  aum  Involved  is  in  excess  o(  that  prescribed  In  the 
Statute  of  Frauflo.  Once  the  mateii&ls  ordared  under  verbal  con- 
Itnct  have  been  delivered  and  accepted,  the  verlial  contract  as  ta 
pr'ce  Decomes  binding. 

It  Is  poor  practice,  in  my  judgment,  to  buy  or  rent  anything  by 
word  of  mouth,  and  forsraim  should  be  required  to  maice  all  pur- 
chases by  written  order,  keeping  a  carbon  copy.  All  rentlnE  of 
tnols  or  plant  stioul'l  be  recorded  In  writing,  by  an  exchange  of 
i''1[ert  or  otherwise,  ao  as  to  have  Che  terms  of  the  rental  slRned  by 
buth  pnrtlea.  I  have  had  the  verbal  rental  of  a  plow  by  a  fore- 
man coat  me  9100  In  lawyers'  fees;  etc. 

A  fe.Jr  aussestlons  rogardlng  the  tublettlnK  of  Work;  Subletting 
should  not  be  forbidden  In  the  original  contracL  Repeated  sub- 
Mllng  of  the  nme  part  of  a  Job  may  be,  and  often  Is.  pernicious 
In  Its  efliect  upon  the  quality  of  the  worlt.  One  subletting  often  re- 
SDlta  la  lower  cost  of  work,  for  a  subcontractor  who  gives  all  his 
attention  to  it  small  ]ob  can  usually  get  the  worlcmen  to  do  more 
work  than  a  large  contractor  who  has  many  things  to  attend  to. 
'Tlie  ubcontractor  Is  realty  a  superintendent  or  foreman  whose 
salary  la  paid  In  proflts.  and  be  has  the  best  possible  spur  to  secure 
the  greatest  possible  economy. 

Tlie  letting  of  several  independent  contracts  for  the  dltlerent 
parts  of  a  structure  often  leads  to  delays  and  claims  tor  extras  due 
to  dtfays.  One  independent  contractor  may  purposely  delay  an- 
other. All  this  la  avoided  by  awarding  the  whole  structure  to  one 
eontnctor,  who  can  usually  manage  several  subcontractors  much 
Iwlter  than  several  Independent  contractors  can  be  managed  by  an 
nglnwr. 

On  the  other  hand,  it  Is  not  on  uncommon  mistake  to  let  a  con- 
tract too  great  In  alie  to  secure  active  competition  from  several 
oontractInK  nrma  One  of  the  best  managed  large  pieces  of  public 
wsrk  was  the  Chicago  Main  Drainage  Canal,  contracts  tor  which 
wera  let  in  sections  of  moderate  siie:  with  the  result  that  there 
wae  many  able  competltora  who  named  low  pricea 

Instructions  to  Superintendents  and  Foremen.— Some  of  the  most 
■oeetssfol  contracting  Arms  have  seta  of.  rules  and  Instructions 
printed  for  the  use  Of  foremen  and  othera  Certain  of  the  "rulsi^' 
Ire  Inlteslble  and  must  be  obeyed ;  others  are  more  In  the  nature  of 
■iggestions  Intended  to  guide  the  foreman  In  doing  his  work, 
handling  tila  men,  purchasing  materials,  and  the  like. 

Gllbreth'a  "Field  System"  la  a  book  of  rules  used  by  him  In 
managing  his  contract  work.  HIa  "Bricklaying  System"  Is  another 
■ich  book. 

I  will  give  a  list  of  Instructions  that  la  by  no  means  exhauative. 
tat  varied  enou^  to  give  some  hints  as  to  the  character  of  a  sat 
of   Instructlona       Rules    such    aa    these    can    be    mimeographed    on 
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■mall  ttieeta  or  tmptt  and  bound  together  with  cilpa,  to  ttakt  they 
can  be  carried  In  the  pocket  lor  reCerance. 

I.  When  a  foreman  arrives  at  a,  place  where  ho  |g  Co  have  charge 
of  worh,  he  muat  notify  the  home  oRlce  at  once  br  postal  card, 
Bivlns  the  address  of  his  boardiiK  place  Euid  hla  offlec  addrasa 

1.  A  dally  report  must  be  sent  to  the  home  office  on  the  blank* 
provided.  If  no  work  Is  being  done,  atlll  a  report  must  be  aent  In 
stating  that  tact  and  slvlne  reasons  for  delays,  etc 

3.  Each  foreman  must  keep  a  nnall  diary  In  which  to  Jot  down 
[he  principal  events  of  the  day.  Such  a  diary  may  be  of  Kreat  value 
in  ca«e  of  a  law  suit 

4.  Bach  foreman  must  write  all  orders  for  materials,  auppllea, 
etc.  In  the  book  provided  for  the  purpose,  so  that  a  carbon  copy 
of  every  order  will  be  kept  He  must  be  careful  to  Insert  the  day 
of  the  month.  When  a  foreman  wishes  Kradlng  stakes  or  Inatruc- 
tlona  from  engineers  In  charge  of  work,  let  him  send  a  written  order  . 
to  Che  engineer  stating  exactly  what  Is  wanted.  This  precaution 
may  save  mlmnderstandlnES  and  delays,  und  the  carbon  copy  of 
such  an  order  Is  often  useful  to  check  the  memory.  The  sooner  a 
foreman  learns  to  be  methodical  In  such  small  mactera,  the  aooner 
will  he  bo  lilted  to  handle  larger  mattera 

6.  No  superintendent,  walking  boss,  engineer,  time  keeper,  or 
other  employe  of  this  Urm  Is  permitted  to  give  an  order  direct  to 
any  workman,  except  In  case  of  great  emergency.  Not  even  a' 
member  of  this  Arm  Is  exempt  from  this  rule.  The  foreman  In 
direct  charge  of  a  gang  of  men  Is  Che  only  man  permltCed  to  In- 
struct his  men  what  to  do.  He  la  the  oRlcer  In  charge,  and  hla 
superior  odlcers  must  not  Intentionally  or  unintentionally  degrade 
him  In  Che  eyes  of  his  men  by  Issuing  orders  over  his  head. 

e.  A  foreman  la  not  permitted  to  work  with  his  men.  He  Is  em- 
ployed to  uRe  his  wits,  not  his  handa  Ocraslonally  he  muM  In- 
struct a  man  how  to  do  his  work,  but  he  must  teach  the  man  and 
not  attempt  to  take  the  man's  place.  It  may  take  a  foreman  longer 
to  teach  a.  man  than  to  do  It  hlmaelf ;  nevertheless  It  If  cheaper  In 
the  long  run  to  teach  the  man. 

T.  Do  not  use  laborers  to  do  the  work  of  masons  or  carpenters, 
but  provide  a  sufflclenC  number  of  lat>orers  to  assist  the  skilled 
workmen.  A  16-cL  man  con'  lift  ea  many  pounds  of  wood  or  stone 
as  a  BO-ct.  man.  Bxerclae  your  wits  In  keeping  each  class  of  men 
busy  at  their  particular  class  of  work 

B.  In  rainy  weather  keep  all  steady  pay  men  busy  overhauling 
machines  and  tools,  sharpening  tools,  branding  tools,  splicing  ropes. 

9.  Rush  all  percentage  or  force  account  work  exactly  as  l(  It 
were  part  of  the  regular  contract.  The  reputation  of  this  Arm  Is 
worth  more  money  than  can  ever  be  made  by  "making  work  last." 

10.  Small  Jobs  of  extra  work  are  usually  taken  on  a  basis  of  20% 
prollt  on  both  materials  and  labor.  This  leaves  but  a  small  margin 
ol  profit  after  deducting  general  expensea  It  Is  particularly  de- 
sirable Co  work  as  many  men  as  possible  on  a  small  Job,  so  as  to 
reduce  the  percentage  of  general  ezpensea 
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11.  Waop  tbe  addroBaa  of  good  workmen. 

It.  Do  not  be  a.  "s«Kl  fellow"  wlUi  the  men  under  you  altw 
WDcUnK  hours,  or  you  wtU  lose  their  respect.  Reuiember  ths  old 
KdaKa.  "Famlllaiitr  breeds  contempt" 

IS.  In  case  ol  any  accident  to  a  workman  or  to  a  spectator  notify 
tba  bome  omce  at  once  by  letter.  If  the  accident  Is  fatal,  notify  by 
■  tdesraph  or  telephone.  We  are  insured  against  such  accidents;  but 
by  the  tenos  of  our  policy  we  must  notify  the  Inmirance  company 
within  24  hours. 

1-1.  The  best  and  cheapest  Insurance  against  accidents  Is  care. 
ProTide  barricades,  warning  notices  and  red  lights  wherever  an 
eKcavatlon  la  majie.  Bven  a.  small  hole  unprcLecCed  may  cause  the 
loss  of  a  life,  for  which  the  courts  may  hold  this  Arm  responsible. 
When  a  street  la  closed  by  barricades,  do  not  permit  an  outsider  to 
enter  even  at  his  own  risk,  for  should  an  accident  occur  a  law  suit 
is  certain  to  follow  regardless  of  the  rights  Involved. 

It.  Accept  no  orders  for  extra  work  except  In  writing,  and  for- 
ward such  orders  at  once  lo  the  bome  office. 

1«.  Fill  In  your  expense  account  blank  every  Saturday  night  and 

II.  When  plans  are  received  Indorse  your  name  upon  them,  with 
the  day  of  the  month  and  year.  Write  on  blueprints  with  a  red 
penca 

IS.  Avoid  all  controversy  with  an  engineer  or  Inspector.  A  small 
qnaitel  often  leads  to  a  big  losa  Notify  the  home  office  In  case  of 
unfair  or  imreasonable  orders. 

IS.  When  a  car  arrives,  record  Its  number  and  character  of  con- 
tents. Remember  that  a  demurrage  Is  charged  on  all  car  freight 
held  more  than  72  hours:  but  on  most  roads  demurarge  Is  estimated 
by  averaging.  Thua  It  one  car  Is  held  £4  hours  before  unloading 
and  another  is  held   se  bourn   the  average  Is   (24+3t)-=-2.   or   60 

tt.  Pile  lumber  with  the  boards  slanting  so  that  water  will  drain 
oE.  I^y  as  few  boards  or  timbers  directly  on  the  ground  as  possl- 
bla  See  that  the  top  layer  of  boards  is  turned  over  occasionally  to 
prevent  warping. 
El.  Insure  oil  lumber  and  timber  work  against  fire. 
tl.  Count  and  measure  all  sticks  of  lumber  to  check  the  bill.  To 
takuiate  the  number  of  feet  board  nuaasure  (ft  B,  H.)  in  a  sawed 
Mick  of  timber,  multiply  the  width  In  Inches  by  the  thickness  in 
Inches,  divide  this  product  by  It,  and  multiply  the  quotient  by  the 
laieth  of  the  sUdc  In  feet. 

11.  See  that  all  shipments  of  materials  are  counted  or  measured 
ud  recorded. 

U.  For  convenience  In  estimating  the  weight  of  materials  remem- 
ber the  following:  Cu,  ft  per  ton 
Material.  of  1,000  lb*. 

Water  toai^  Iba  psr  en.  It) SZ 

Sand  or  gravel  39 

Broken  sandstone,  limestone  or  granite 2t 

Broken   trap-rodi    10 

Bolld  blocks  of  graiiKe   19 

OooL    broksn    40 
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Green  white  oak  ts  heavier  than  water  and  weighs  more  than  S 
Iba  per  tl.  B.  M.  (there  being  13  ft  B.  M.  per  cu  ft).  Qreen 
southern  yellow  pine  welghM  t  ^  lbs.  per  ft  B.  M.  Kiln  dried  oatl 
welKha  SK  lbs.  per  ft.  B.  M.  and  Uln  dried  rellow  pine  welEha  a 
lb>.  per  (t.  B,  U.  In  any  case,  by  floating  a  block  of  wood  In  water 
and  measuring  the  total  depth  of  Che  block  and  the  nubmerKed 
depth,  the  weight  can  be  calculated  Ur  simple  proportion,  thus: 

Depth  of  block  submerged:  Total  depth  of  block :^  The  wel^t  per 
kL.  B,  M. :  G.Z.  Thus  If  the  block  Is  S  Ins.  deeji  and  4  Ina.  are  sub- 
merged when  It  floats,  we  have; 

4:e::3!:6.2. 


25.  On  short  hauls  where  dump  wagone  are  not  available  provide 
extra  wagons  which  can  be  loaded  while  ths  full  wagons  are  going 
to  the  dump  and  returning.  Rxtra,  wagona  can  usually  be  rented, 
and  in  some  casoa  It  will  pay  to  buy  them,  for  the  lost  team  time 
loon  eats  lip  the  price  of  a.  wagon.  E^tra  wagons  are  especially 
useful  where  a,  small  gang  of  men  Is  unloading  brick,  stone  or 
timber  from  a  car  onto  the  wagon.  When  a  team  comes  up  with  an 
empty  wagon,  unhitch  from  the  empty,  hitch  to  the  full  wagon,  and 
with  a  tntl  rope  pull  the  etnply  wagon  up  to  place  as  the  full  wagon 
movts  ahcuil. 

ZC.  In  erecting  a  derrick  or  pile  driver  remember  that  a  gin 
pole  or  mast  can  often  be  used  to  advantage.  Gin  poles  are  twt 
used  as  often  as  they  should  be  for  this  kind  of  work. 

27.  In  erecting  a  trestle  for  (alaework,  frame  and  bolt  the  bents 
together  on  the  ground,  then  up-end  them. 

28.  Use  rouna  timber  for  lees  of  temporary  trestlea.  for  trench 
braces,  and  wherever  alrula  are  needed.  Round  timber  can  usually 
be  bought  for  much  less  money  than  sawed  stulf. 

29.  In  buying  brick  conalder  the  slie  of  each  brick ;  bricks  vary 
greatly  In  alze.  I^rge  bricks  are  worth  more  per  M  than  small 
ones.  If  2x4xS-1n.  bricka  are  worth  fG.SD  per  H,  every  K  In.  In- 
crease In  the  lenKth  adds  ID  cts.  per  H  to  the  value,  artd  every  In- 
crease of  U  In.  In  thickness  adds  2G  cts.  per  H, 

30.  In  buying  cement,  consider  the  size  of  the  barrel  and  the 
amount  of  cement  paste  that  can  be  made  with  a  barrel.  There  ts 
a  great  variation  In  the  product  of  different  factories. 

ai.  Buy  cement  In  wooden  barrels  for  use  on  small  Jobs  that  are 
liable  to  lag.  Buy  cement  In  cloth  bags  for  most  work.  Pack  the 
bags  In  bundles  of  50.  and  ship  to  factory.  Cement  Improves  with 
age  up  to  a  certain  point.  If  the  air  Is  not  too  damp.  Use  the  oldest 
cement  flrst. 

32.  Dynamite  must  never  be  thawed  In  any  way  except  with  a 
hot  water  thawer  of  the  kind  furnished  by  this  firm.  Never  thaw 
In  front  of  a  Are.  or  on  a  hot  stone  removed  from  a  Are,  or  by 
piling  sticks  on  a  boiler,  or  In  an  oven  We  know  of  fatal  acci- 
dents due  to  each  of  these  meChoda      There  may  be   sate  methods 
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"btr  than  tb«  one  above  ordered,  but  we  can  not  afford  to  experl- 
mot  where  Uvea  aro  at  stake. 

M.  Never  Htore  dynamite,  or  acid,  or  gasoline  In  a  tool  box.  The 
4uinlle  iaa.y  bs  exploded ;  the  acid  vapors  Wfll  eat  Into  ropei  Bud 
nN  them;  the  sasollne  vapors  may  explode  or  apilled  Baaallne  may 
molt  la  a  Are.  Uae  sand  to  put  out  a  gaaolina  Are.  Hemp  rope  la 
*«akened  not  only  by  add  vapors^  but  by  eaturation  with  oIL  All 
npe  drauld  be  kept  dry. 

14.  In  QBtnK  steam  enelnea,  steam  drills  and  derricks,  the  follow- 
tiR  precautions  should  be  observed  ; 

Oaab  ETeaae  over  all  brliAit  part*  before  storlns,  slBo  In  wet 
»father.  oil  the  derricks,  crushers,  wire  ropes,  and  all  movable 
parta  of  machines  every  day.  Cheap  black  grease  Is  usually  daubed 
OD  wire  ropes :  but  where  the  ropes  are  moving  over  sheaves  almost 
emtlnuoiuly,  prorlde  an  oil  drip  cup  to  feed  oil.  drop  by  drop,  onto 
the  movinf;  rope^ 

Do  not  permit -men  to  wash  tbelr  hands  In  the  water  barrel  or 
lank  that  supplies  water  to  a  steam  boiler.  Cor  the  grease  Irom  their 
""Ma  will  cause  "priming." 

Boiler  flues  are  frequently  "burned"  because  water  is  allowed  to 
set  too  low  In  the  boiler.  Aside  from  the  danger  of  s  boiler  expIO' 
too  In  sucb  cases,  there  Is  the  certain  cost  oC  repalra  See  that 
Cie  steam  cocks  are  blown  on  several  times  dally,  and  do  not  rely 
"Bon  the  water  glass. 

A  laxy  or  Ignorant  nrsman  will  pile  on  coal  and  then  rest  until  It 
has  burned  low.  See  to  It  that  a  thin  bed  of  fuel  Is  kept  steadily 
'■omfaiK.  On  large  hollers  use  an  automatic  pressure  recording  gage 
to  nuke  the  flremen  attend  to  their  hualness  properly.  It  will  not 
only  ^ve  coal,  but  result  In  greater  output  of  engines  and  steam 
dtllla. 

Cylinders  of  engines  and  steam  drills  are  frequently  cracked  In 
MM  weather  by  suddenly  letting  In  steam.  To  avoid  this  open  drip 
Mcks  and  cocks  on  steam  chest  and  blow  In  staam  for  a  few  min- 
utes to  warm  up  the  cylinder  before  starting  the  machlna  A 
^ken  cylinder  may  delay  work  for  a  week. 
Do  not  let  a  friction  clutch  get  wet.  for  it  may  slip  If  It  does. 
I'lwer  tbe  boom  of  each  derrick  at  night,  so  that  It  can  not  be 
dfopped  by  some  one  for  fun  or  lor  si)lte.  Lay  down  short  logs  at 
hitervais  to  keep  the  hoisting  rope  clear  of  the  ground. 

The  foregoing  will  serve  aa  examples  at  Instructions  and  hints 
iBoed  by  a  contractor.  As  they  stand  they  possess  the  dlsadvan- 
tam  of  not  being  classified  Into  Instructions  that  must  be  obeyed  and 
lUnts  that  mau  be  followed. 

Bach  contracting  firm  will  have  certain  classes  of  work  In  which 
K  ipecialfiea,  and  will  find  it  advisable  to  prepare  mimeographed  or 
Moled  Instructions  not  only  of  a  general  nature  but  of  a  special 
■sUire.  Thus  a  flrm  engaged  In  building  construction  may  give 
ifatdwa  of  scaffolding  and  instructions  as  to  Its  erection.  A  firm 
•waged  In  bridge  building  may  prepare  a  set  of  rules  to  gulda  the 
roraoen  In  cotter  damming  and  In  false  work  building. 
System  Is  fast  taking  the  place  of  the  hit  or  miss  style  of  direct- 
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InfC  work.     A  well  prepared  aet  of  ln>tructlons  to  foremen   1b  an 
essential  part  of  any  complete  syMem  of  manaKcment. 

The  Ten  Law*  of  Manaacnant.* — The  nianaKlUK  of  lodustrlal  en- 
terprlses,  such  as  construction  work  In  the  Held.  Is  still  an  art,  and 
there  are  few  who  reallie  that  It  can  be  reduced  to  a  truly  sclentlflc 
basla.  Nevertheless  there  are  certain  undertrlng  principles  at 
effective  management  of  men  which  may  be  eipresBed  In  the  form  of 
laws.  Application  of  these  laws  leads  Invariably  to  a  greater  out- 
put on  the  part  of  workmen,  and  (his  Invariability  of  result  proves 
the  scientinc  basis  of  the  lawa  The  most  Important  of  them  can 
be  grouped  under  ten  general  headings,  which  are  as  follows: 
1.     The  law  of  subdIvlBlon  of  dutlea 

V  of  educational  supftrvlston. 

V  of  coordination. 

V  of  standard  performance  based  on  motion  timlnf. 

V  of  divorce  of  planning  from  performance. 
1-  of  regular  unit  cost  report*. 

V  of  reward  Increasing  with  Inereaaed  perfomuulcfc 
The  law  of  prompt  reward. 

if  competition. 

f  managerial  dignity. 

Below  are  given  the  main  characteristics  Of  ead); 

1.  The  Law  ot  Sub-Divlslon  of  Duties.— Men  are  gifted  with  fac- 
ulties and  muscles  that  differ  extremely.  One.  man  will  excel  at 
running  a  rock  drill,  another  Is  better  at  lifting  loads,  a  third  Is 
clever  In  the  application  of  arithmetic,  a  fourth  Is  a  bom  teacher — 
and  ao  througli  the  gamut  of  human  occupation.  Moreover,  prac- 
tice serves  to  accentuate  these  Inborn  dlfferances.  It  la  clear,  there- 
tore,  that  the  fewer  duties  any  one  man  has  to  perform,  the  easier 
It  Is  to  find  men  who  can  do  the  task  well.  But  give  a  man  many 
duties  to  perform  and  he  Is  almost  certain  to  do  at  least  one  of 
them  poorly.  If.  Indeed,  all  are  not  miserably  attended  to.  Hence 
the  following  law  of  management:  8o  oroaniee  the  uorft  aa  to  eiw 
each  man  a  mJifmuni  number  of  d'utiet  to  perform. 

This  law  neeils  little  emphasising  as  to  Its  general  truth,  but  It 
Is  nevertheless  Ignored  frequently  by  those  who  have  not  applied  a 
sclentlflc  treatment  to  management.  Thus  a  torpman  Is  often 
charged  with  a  multitude  of  duties  He  Is  expected,  for  example. 
to  watch  the  workmen  and  spur  them  to  action  when  slothful,  to 
tench  his  men  how  to  do  their  work  In  a  more  economic  fartilon, 
to  discover  and  remedy  defects  In  the  machines  and  tools  employed. 
to  plan  the  arrival  of  materials  at  the  proper  time  and  in  the  proper 
amount,   to  keep  records  of  dnlly  performance,   etc..   etc. 

Mr.  Fred  W,  Taylor  was  the  first,  we  believe,  to  urge  the  sub- 
division of  the  duties  of  foremen  and  to  have  what  he  calls  "func- 
tional faremen."  One  foreman,  for  example.  Is  the  machinery  and 
toot  foreman.  It  Is  his  sole  duty  to  study  the  work  dona  by  ma- 
chines and  tools,  to  effect  Improvements,  to  reduce  delays,  and  to 
supervise  repairs. 
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Asotfaer  foreman  Is  the  gang  foreman.  HIa  function  is  to  orexui- 
llo  the  gangs,  to  direct  their  operation,  and  to  Instruct  them  In  th« 
perfonnaJico  of  their  work. 

A  material  foreman  Ie  employed  on  large  Jobs.  His  functloit  Is 
to  confer  with  other  foremen  and  ascertain  what  materials,  mft- 
ehlnea  and  supplies  will  be  needed.  He  orders  the  materials,  ar- 
ranges  tor  their  shipment,  and  follows  up  the  manufafturlng  and 
rallw&r  companies  to  secure  prompt  delivery.  If  necessary,  ha 
•ends  men  to  the  factor;,  to  the  stone  quarry,  or  to  the  frel^t 
yard  to  see  to  It  that  deUverlee  are  mad*  with  dispatch.  Such  a 
man  Is  often  Invaluable,  for  upon  him  may  depend  the  entire 
progress  of  the  work. 

According  to  the  magnitude  of  the  contract  there  may  be  dllTerent 
kinds  of  foremen,  all  coming  In  contact  with  the  same  men  perhaps, 
but  all  performing  dllTerent  functions.  Such  an  organisation  as  this 
differs  radically  from  a  military  organisation,  wherein  each  man 
reports  to  only  one  superior  officer  On  ail  matters. 

Host  Industrial  orBanliatlons  today  resemble  military  organ- 
isations, with  their  generals  and  intermediate  officers,  down  to 
corporals,  each  man  reporting  to'but  one  man  higher  In  rank.  There 
Is  lltUe  doubt  that  the  present  tendency  In  Industrial  organisations  Is 
tn  abanaon  the  military  system  to  a  very  large  eitent,  and  for  the 
tollowInK  reasons: 

A  soldier  has  certain  dutlea  to  perform,  few  In  number  and 
simple  In  kind.  Hence  the  man  directly  in  command  can  control 
the  actions  of  his  subordinates  easily  and  effectively.  Control 
liioT«OTor  Itiould  como  Invariably  from  the  same  otncer.  to  avoid 
any  poeslbllltr  of  diaastroua  confusion  and  to  Insure  the  Instant 
action  of  a  body  of  men  as  one  sInKle  mass.  On  the  other  hand. 
Industrial  operations  do  not  posseas  the  same  Bimpliclty,  particular- 
ly wbera  men  are  using  machines,  nor  Is  there  the  necessity  of 
action  In  mass.  The  military  organlZBtlon,  therefore,  should  be 
modlfled  to  suit  the  conditions;  and  one  of  these  modiflcatlons  Is 
the  introduction  of  two  or  more  foremen  in  charge  of  certain 
[unctions  or  duties  of  the  same  men  or  groupa  of  men. 

On  contract  work  It  Is  often  impossible  to  aubdlvlde  ttie  duties 
of  men  to  as  great  an  extent  as  can  be  done  In  large  manufacturing 
MtabllBhments.  The  smaller  the  contract,  the  less  the  subdivision 
Of  duties  possible.  In  sucA  coses  an  approach  to  tlve  Ideal  ai/atem 
of  etibiUvi^ion  It  srnired  not  bv  emploj/ing  different  men  for  dif- 
ferent purpoae*  bat  611  a  aj/»tematlc  aamignment  of  iIuHes  (0  the 
pamv  men  to  be  performed  at  tpecifled  hours  of  the  day  or  dans 
Of  the  leeek.  Thus  a  small  gang  of  carpenters  Is  engaged  In 
buUdlng  forms  for  concrete.  In  repairing  wooden  dump  cars,  and 
In  framinK  and  erecting  trestle  work.  By  timing  the  men  and  by 
planning  their  work  upon  the  timing  record!  and  the  requirements 
Of  the  work  this  carpenter  gang  can  be  assigned  certain  hours  or 
days  for  each  class  of  work.  Thus  Is  avoided  the  Intermittent  and 
imc«rtaln  shifting  of  the  gang  from  one  class  of  work  to  another. 
Involving  not  only  a  loss  of  time  in  frequent  shifting  but  a  loss  of 
Interest   in  work*  that  is  done  piecemeal.     Moreover  a  methodical 
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change  o(  occupation  permits  a.  melhodJcol  record  of  the  number 
of  units  ot  each  class  of  work  performed,  and  thu*  lead!  to  tiM 
use  of  the  bonus  system  of  paymenL 

2.  The  Law  of  Educational  Supervlalon — It  la  not  alone  eufllole&l 
to  give  instructions  to  workmen  and  foremen  from  time  to  time  by 
word  of  mouth,  but  the  glat  of  all  important  instructions  should  IM 
reduced  to  written  or  printed  form.  Among  contractors  the  pioneer 
Observer  of  this  law  Is  Mr.  Prank  B.  Qllbreth.  whose  "Field 
System"  Is  a  ZOO-page  book  of  rules  for  his  superintendents,  fore- 
men and  others  to  follow.  His  "Bricklaying  System"  Is  another 
■et  ot  rules  for  the  guidance  ot  hla  brick  masont  and  foremen. 

Among  manufacturers  there  are  many  examples  of  those  who 
have  prepared  more  or  less  elaborate  seta  of  rules  to  be  followed, 
but  the  most  Interesting  of  these  compilations  that  have  come  to 
our  attention  Is  the  one  furnished  to  Its  salesmen  by  the  National 
Cash  Register  Co.  In  this  hook  are  gathered  a  vast  number  of 
useful  hints  and  practical  suggestions  and  arguments  to  be  used 
In  Belling  National  cash  registers.  Bach  possible  objection  that  a 
prospective  purchaser  may  raise  is  met  with  one  or  more  specine 
answers.  This  company  not  only  p'rovldes  Its  salesmen  with  a  text 
book  but  has  a  school  for  training  salesmen.  At  regular  Intervals 
all  the  salesmen  meet  together  and  discuss  their  respective  methods 
of  selling  cash  registers.  Any  new  suggestions  that  are  good  be- 
come BubseQuently  a  part  of  the  book  of  instructlona  Thus  the 
combined  wisdom  of  hundreds  of  salesmen  is  preserved  and  de- 
livered to  every  salesman  that  the  company  employa  This  plan  Is 
followed  also  by  many  of  the  life  insurance  companlea  Railway 
companies  have  long  made  It  their  practice  to  furnish  their  civil 
engineers  with  printed  sets  of  rules  for  railway  location,  as  ei- 
empllfled  In  McHenry's  "Railway  Location."  All  these  are  forms 
of  educational  supervision,  and  some  are  very  elaborate.     The  small 

own  making,  but  he  can  supplement  some  such  book  of  rules  and 
hlntfl  by  a  typewritten  or  mimeographed  set  ot  sheets  containing 
the  most  Important  of  his  own  Instructlona  In  this  manner  the 
repetition  ot  a  costly  blunder  by  a  foreman  or  workman  can  be 
avoided  by  a.  special  rule  or  hint,  while  a  labor  Avlng  "trick"  can 
be  passed  on  to  other  men  In  the  contractor's  employ. 

In  developing  a  system  of  educational  supervision  the  groateat 
assistance  can  be  obtained  from  artlijles  In  engineering  and  con- 
tracting peHodlcals,  for  there  will  be  frequently  recorded  labor 
saving  methods  welt  worthy  of  trial  by  other  contractora  In  a 
long  article  It  may  be  only  a  small  hint  that  Is  worthy  of  belnc 
abstracted  and  placed  among  the  hints  for  foremen. 

In  preparing  a  set  of  rules  and  hints,  take  pains  to  distinguish 
•harply  between  what  la  a  rule  always  to  be  followed  and  what  !• 
a  hint  to  be  follow-^  optionally.  It  Is  well  to  have  a  set  of  rules, 
each  with  Its  spevinc  number,  and  a  separate  set  at  HtHtt,  alao 
numbered. 

The  second  law  of  management  Is  briefly  this : 
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8scicr«  ttatfoTmity  of  procedure  on  tha  fiart  of  emplauea  by  pro- 
ttiMnff  unltlm  or  printed  rul««.  tupplemenled  bit  edtinatiomil  eug- 
peMIoiH  or  khUa  to  guMie  tAen  <n  tftsir  ui>rK. 

8,    TtM  Law  of  Co-ordination.—  So  ic\editle  the  performance  of 
macK  gang  of  me*  that  Ihev  teill  loorfc  in  perfect  coardination  with 
•    other   gang*,  either  adjacent  or  remote. 

Perfect  ccordlnatlon  Involves  the  worklns  of  each  man  to  his 
c«Lpa.i;It7  all  the  time  This  necessitates  not  onlT  the  organlEatlon 
of  ffans>  of  Just  the  right  size  but  the  prompt  arrival  of  Btandard 
BDppUes  and  materials,  and  freedom  from  breakdowns  of  plant. 

An  examination  of  almost  any  piece  of  conatructlon  work  In 
proKresa  will  disclose  the  fact  that  molt  of  the  men  spend  a  con- 
siderable portion  o(  their  time  waiting  either  for  somebody  elM  to 
do  •ometUnK  or  for  materia,!*  to  arrive,  before  they  can  proceed. 
The  cause  la  Improper  coordination  of  the  worlc.  One  ganir  may 
have  too  many  men  and  therefore  may  be  able  to  work  considerably 
faster  than  another,  and  be  continually  catching  up  with  It  They 
wlU  then  adopt  a  slower  pace,  keep  seemtngly  busy,  and  manage 
to  kill  a  large  percentage  of  their  working  time.  These  delays  are 
charscable  to  lack  of  coordination .  although  a.  careless  Inspection 
Of  the  work  may  seem  to  Indicate  that  ever]'th1ng  la  going  smooth- 
ly. A  Job  can  look  smooth  and  at  the  same  time  be  so  badly  co- 
ordinated as  to  be  uneconomical. 

The  necessary  adjuncts  to  proper  coordination  of  work  are 
briefly  aa  tbllows: 

1.  A  carefully  drawn  schedule  of  performance. 

2.  Regular  arrival  of  material  and  suppllea 

3.  Prompt  and  proper   repairs  to   equipment. 

4.  The  proper  quality  of  suppllea 

The  best  method  that  has  so  tar  been  devised  for  making  things 
happen  on  time  Is  flrst  to  prepare  a  time  table,  and  then  to  live 
np  to  ft  as  far  as  the  Interruptions  of  the  weather  and  the  Ilmltai- 
tions  of  human  nature  will  permit  To  prepare  a,  time  table 
properly  It  Is  necessary  to  know  how  fast  work  can  be  done  under 
the  conditions  which  are  to  govern  It  At  the  best  there  will  be  a 
conMldeiabla  varlsllon  to  be  accounted  for  by  Ignorance  on  the 
part  of  the  planning  department  on  the  one  hand  and  by  the  In- 
terference of  the  elements  on  the  other.  A  form  of  chart,  made 
on  trsclng  cloth,  with  various  symbols  to  Indicate  the  kinds  of 
work  to  be  done,  has  been  found  very  useful.  As  the  work  pro- 
gnsaea  the  perform«jice  can  be  checked  olT  on  the  chart,  and  thus 
tDdicate  whether  the  work  Is  proceeding  on  time  Where ,  the 
vatk  la  such  as  that  of  building  construction  and  thero  ta  but 
Uttle  storage  capacity  for  materials,  It  Is  best  to  have  the  chart 
prepared  a  considerable  time  In  advance  so  that  materials  will 
•rrlve  when  thej"  are  needed  and  yet  not  so  much  In  advance  of  the 
proper  time  aa  to  reciulre  large  storage  capacity  at  the  site  of  the 
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motions,  although  a 


1  that  there  Is  but 


Mr.  Prank  B.  Gilbreth  has  coined  the  term  "motion  study"  to 
denote  his  method  of  observing  the  number  and  kind  ot  rootlona 
majle  by  a,  man^ — ^a  brick  layer,  for  example — In  performing  a  given 
operation.  His  plan  is  to  analyze  the  motions,  assigning  &  name 
to  each  motion.  HIa  next  step  Is  to  endeavor  so  to  arrange  the  sup- 
ply of  materials,  the  position  of  tools,  etc..  as  to  reduce  the  num- 
ber of  motions  and  the  distance  o(  each  motion  to  a  minimum. 
Tabui  VII. 
Cableway  No.  2.  Hondllng  Concrete. 
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Mr.  Fred  W.  Taylor  was  the  flrst,  we  believe,  to  adopt  the  prac- 
tice of  Invariably  studying  each  motion  by  the  aid  of  a  stop- 
watch. A  large  number  of  stop-watch  observations  not  only  give 
tha  average  time  of  a  motion,  but,  what  la  of  far  greater  im- 
portance, they  Indicate  what  the  minimum  time  tor  each  motion 
may  reasonably  be  expected  to  be.  It  then  follows  that  the  sum 
.  ot  theae  minimum  times  tor  the  dlSerent  motions  repreeenta  a 
standard  time  of  accomplishment  of  the  entire  process.  Hence  our 
law  ot  motion  timing; 

/h  tht  performance  ot  every  proct3»  tAe  •tinv  of  Iht  mlnlmtiM 
ttmev  observed  for  each  motion  fflvea  a  standard  of  performmUM 
foealbl»  of  altainmsnt  under  sufficient  Incenllve. 

Mr.  Harrington  Emerson  calls  this  Standard  ot  excellence  100%, 
and  has  developed  the  plan  of  rating  all  actual  performances  In 
percentages.  Thus  It  the  standard  time  for  drilling  a  10-fL  hole  Id 
a  certain  rock  were  SO  minutes  and.  If  the  actual  time  were  SO 
minutes,  this  performance  would  b«  rated  at  <0^90=t8.8T%. 
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In  eEta.b11shIng  a  Htandard  time  of  performance,  the  flrst  step  Is 
to  aacertalD  tha  unit  times  upon  the  work  as  ordinarily  performed. 
The  next  atep  Is  by  stud/  of  the  time  elements  and  the  local  con- 
ditions to  eliminate  as  many  motions  as  possible  and  to  reduce 
the  time  of  others,  either  by  shortenlns  the  path  of  motion  or  by 
accelerating  the  velocity  of  the  moOon. 

To  lllnatrate  by  an  example  we  give  the  following  time  study, 
which  was  made  by  Ur.  Dana  some  time  ago  on  some 
cableway  work.  Slnoe  this  was  done  the  Lldgerwood  Ufg.  Co.  has 
completely  redesigned  Its  cableway  engine  and  fall  rope  carriers 
and  has  Introduced  new  features  In  control  (notably  In  the  Gatun 
rableways  la  Panama).  Therefore,  while  the  data  are  correct  as 
history,  they  must  not  be  taken  as  Indicating  the  limit  of  present 
posalbiUtr.  A  oonrtderable  number  of  studies  was  made,  but  one 
only  Is  siven  for  purposes  of  illustration.  (See  Table  VII,  p.  ID.) 
The  first  column  Elves  the  Bbbrevlatlons  of  the  processes,  dis- 
tances, etc. ;  the  second  gives  the  number  of  recorded  observations 
on  each  procesa ;  the  third  gives  the  minimum  observed  time  In 
seTon'is  tor  each  process  In  that  table:  the  fourth  gives  the  a%'er- 
sge:  the  Qfth  gives  the  maximum  time;  the  sixth  gives  the  mini- 
mum of  all  the  observed  times  for  each  procesa  While  this  Is  by 
DO  means  the  shortest  possible  time  In  which  the  process  could  be 
accomplished.  It  Is  the  shortest  one  observed,  and  has  here  been 
taken  to  represent  standard  (100%)  efflclency.  By  dividing  the 
standard  time  by  the  average  for  each  process  the  average  efll- 
clency  as  observed  is  obtained.  This  Is  shown  In  the  seventh 
column. 

As  a,  result  of  this  time  study.  It  was  possible  to  make  an  esti- 
mate of  the  probable  Increase  In  eMciency  that  could  be  obtained 
by  rebalancing  the  engines.  A  further  Improvement  was  discov- 
ered In  tha  method  used  in  signaling  to  tha  operator,  and  an  esti- 
mate of  the  saving  to  bo  obtained  In  this  manner  was  made.  A 
further  Improvement  In  regard  to  the  position  of  the  operalor  was 
discovered.  A  collateral  Improvement  was  perceived  In  the  line  of 
altering  the  design  of  the  towers,  so  that  the  cost  per  unit  of  han- 
dling materials  could  ba  reduced,  and  further  suggestions  of  a  con- 
adential  nature,  which  we  are  not  at  liberty  to  discuss  here,  were 

5.  Tb«  Law  of  Divorce  of  Plannlna  From  Performance. — As  a 
corollary  to  the  law  of  the  subdivision  of  duties,  we  have  the  law 
of  divorce  of  planning  from  performance,  first  formulated  by  Mr. 
Taylor. 

According  to  the  old  style  method  of  management,  each  foreman 
U  left  largely  to  his  own  resources  In  planning  methods.  In  addition 
to  his  Other  functlona  This  multiplicity  of  duties  can  ba  properly 
•orfonned  only  by  a  foreman  possessed  of  a  multiplicity  of  talenta 
Jlnc«  few  men  can  comply  with  such  a  speclncatlon  tor  brains.  It 
taUmrB  that  good  foremen  ot  the  old  style  are  rare  indeed.  The 
modam  system  ot  management  consists,  as  far  as  possible.  In  tak- 
mg  away  from  the  foremen  tha  function  of  planning  the  work,  and 
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ir  In  management  la  Iha  nsoumiitlon  that  the  man 
on  the  Job  In  direct  rliarsa  of  the  work  Is  the  man  beat  fitted  to 
plan  and  Improve.  Nothing  Is  further  from  the  truth.  Bare,  In- 
deed, IH  the  Tnan  posaemed  of  a  trained  Inventive  faculty,  and  It 
rpqulrea  such  a  farulty  not  only  to  develop  new  method!  and  ma- 
chines  but  to  plan  the  use  of  any  machine  with  Kreatest  economy. 
Nearly  every  piPce  of  contract  work  presents  new  conditions,  and 
thla  solving-  of  new  economic  problems  Is  beyond  the  power  of  any 
but  the  trained  and  skilled  economist.  But  even  where  the  prob- 
lems remain  Identical,  the  necesalty  of  a  divorce  of  plannlnr  from 
performance  exlsta,  as  we  shall  Indicate. 

The  brain  Is  an  organ  that  requires  frequent  exercise  In  doing 
the  same  Ihlng  before  It  becomes  proflclent  enough  not  to  suffer 
great  fatigue.  Thus,  the  man  who  Is  learning  to  ride  a  bicycle 
finds  that  half  an  hour's  lesson  has  tired  him  more  than  ten  hounf 
work  at  his  accustomed  occupation.  Attranptlng  to  do  something 
new  Is  wearisome  beyond  measure,  except  to  the  mind  whose 
training  has  been  In  solving  new  problems.  Hence  the  ordinary 
man  finds  much  fatigue  and  little  pleasure  in  attempting  to  do  his 
work  In  a  faahlon  that  differs  at  all  from  that  to  which  he  has  long 
been  accustomed.  The  mental  Inertia  that  resists  a  diang«  In 
methods  of  performing  work  Is  almost  beyond  comprehension,  and 
It  Is  found  not,  only  In  the  lowest  type  of  workman  but  In  the 
highest 

Bepetltlon  develops  aklll.  and  skill  gives  pleasure.  To  a  strong 
man  used  to  his  work  there  la  actual  pleamire  In  mowing  hay.  as 
Tolatol  has  admirably  pictured  In  one  of  his  novels.  Conversely. 
fatlRue  merges  Into  pain  and  Is  repulsive. 

In  addition  to  these  fundamental  reaaons  why  men  adhere  to 
precedent  In  their  performance,  there  la  the  fear  of  ridicule  In 
case  of  failure  to  succeed  In  any  new  attempt.  The  child  leama  to 
■peak  a  foreign  language  more  rapidly  than  an  adult  not  only  be- 
cause of  a  more  "flexible  tongue"  but  because  It  does  not  fear 
laughter  at  Its  blunders.  Partial  failure  is  expected  of  the  child. 
and  it  la  not  ridiculed.  But  an  adult  seems  witless  If  ha  does  not 
Immediately  learn  the  new  word  and  Its  pronunciation ;  hence  the 
laughter.  So  It  Is  with  every  new  performance.  F^jrthermore,  a 
serious  mistake  may  lead  to  the  loss  of  a  position,  thus  adding 
another  reason  for  sticking  to  the  "eood  old  way" 

Finally,  there  la  no  method  so  fruitful  In  effecting  Improvements 
In  methods  and  machines  as  a,  study  of  the  time  required  to  per- 
form each  movement  or  operation.  A  workman  or  foreman  rarely 
stuilles  hia  own  work  In  this  manner.  Hence  his  experience,  Upon 
which  he  Is  wont  to  brag.  Is'llke  the  eipeHenco  of  the  swallow 
building  Its  nest — an  unchanging  adherence  to  precedent,  regardless 
of  possibilities  of  improvement. 

It  Is  a  significant  fact  that  nearly  all  the  great  Inventions  have 
been  the  product  of  brains  divorced  from  the  actual  perfortnanca 
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of  tha  machlncB  that  they  have  Invented.  Eli  Whitney.  Invetitor  of 
the  cotton  gin,  was  a  lawyer,  and  not  even  a.  eouthern  planter. 
Smilea*  "Self  Help"  Is  a  volume  full  of  instancea  of  Important  In- 
venttonB  made  by  men  remotely.  If  at  all.  connected  with  the  ctasa 
of  Industry  In  which  tholr  machines  are  used.  Nothing',  therefore, 
Is  more  ridiculously  Illogical  than  the  common  belief  that  the  "men 
ttetilnd  the  gun"  are  either  capable  of  tielng  the  Inventors  of  the 
son  or  the  ones  most  likely  to  Improve  It.  Tet  It  Is  this  illogical 
belief  that  prevents  railway  companies,  manufacturers  and  con- 
tractor* tntm  making  hundreds  of  radical  economic  Improvements. 

SummlnK  up.   we  have  this  law : 

For  BiojclniBin  econom]/  of  ferformance,  the  pUmning  Of  methoda     , 
of  doing  work  sfcould  Be  (he  ■ola  ^uncffon  of  a  manager  who  (•  not 
a  loorfcmaa  hlmaelf  nor  <n  direct  charge  of  the  uorfcmen. 

«.  The  Law  of  Regular  Unit  Cort  Reports.— Having  planned  ft 
method  of  performance.  It  Iwcomes  necessary  to  secure  daily,  week- 
ly and  monthly  reports  of  such  completeness  that  a  manager  can 
tell,  almost  al  a  glance,  what  the  actual  and  relative  performances 
are^  This  systematic  reporting  Is  more  fully  treated  under  the  head 
of  co»t  keeping.  The  success  of  nearly  all  large  corporations,  such 
as  the  Standard  Oil  Company,  Is  due.  In  large  measure,  to  a  system 
of  regular  reports  that  put  the  various  managers  In  constant  touch 
with  the  performance  of  the  men  under  them.  Reports  to  be  of 
much  value  must  come  at  short,  regular  intervals,  must  be  In  the 
^un*  form,  and  must  show  quantitative  results  that  admit  of  in- 
stant comparison  with  previous  reports.  To. permit  comparison  there 
roust  be  either  slmllartty  of  conditions,  or  there  must  bo  a  reduction 
to  units  that  are  themselves  practically  Identical.  For  example,  a 
we^Iy  record  of  the  number  of  yards  of  earth  excavated  and  hauled 
at  a  given  unit  cost  Is  usually  of  little  or  no  value  to  the  manager 
unless  therw  Is  a  further  subdivision  of  units  of  coat.  The  cost  of 
loading  per  cnhlc  yard  should  be  s««regated  from  the  cost  of  haul- 
ing, ao  that  the  cost  of  hauling  can  itself  be  expressed  to  the  unit 
at  the  yard-mile  or  ton-mile  hauled. 

The  law  of  regular  unit  cost  reports  may  be  formulated  as  fol- 
lows: Beporf  all  costs  la  (bttm  of  un((»  of  sue*  ohorocter  Ihol 
CompartaoK  becomes  poiiible  even  under  ahangino  conditions,  and 
let  theie  reports  be  made  dafli/  if  potaibie,  meekly  in  ang  event. 
iMUl  icith  a  monthly  svtnmarv. 

It  Is  In  the  adherence  to  the  terms  of  this  law  that  managers  of 
contract  work  In  the  field  will  find  their  greatest  difflculty.  First. 
tbere  is  the  dlfllculty  of  selecting  suitable  units  upon  which  to  re- 
port coats.  In  pavement  work,  the  square  yard  ta  a  convenient  unit 
and  the  number  of  units  ia  easily  measured  daily.  But  In  reln- 
torcea  concrete  tniilding  construction,  there  is  needed  not  merely 
the  cubic  foot  or  cubic  yard  unit,  but  many  others,  some  of  which 
ar«  not  eosliy  aecartainod  every  day. 

For  example,  the  pound  of  steel  reinforcement  is  one  unit  upon 
which  reports  should  be  made,  for  the  number  of  pounds  of  steel 
per  coMc  ymrt  of  concrete  dlflers  widely.    The  thousand  feet  board 
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measure  In  the  tornis  fa  another  neeeBsarj-  unEl.  nnJ  the  Kiuare 
foot  ol  concrete  area  covered  by  the  forms  la  still  another.  Yet 
these  and  other  units  must  he  used  to  ndmlt  of  anr  rational  com- 
parison of  performance  from  day  to  day  and  week  to  week. 

Furthermore,  auch  units  must  be  properly  selected  (or  the  still 
more  Important  purpose  of  paying  the  workmen  according  to  any 
honuB  system.  In  another  chapter  we  discuss  this  problem  of  se- 
lecting units  of  measurement  at  considerable  length,  for  upon  auch 
selection  depends  the  success  of  contract  work  under  the  modern 
method  of  munaBement 

7.  The  Law  of  Reward  Increasing  With  Increased  Performance. 
— AIJ  poj/meat*  for  loorfc  sftouid  be  proportlrttiaie  to  the  work  donr. 
This  la  the  fundamental  law  of  economic  production.  When  this 
law  la  Ignored — and  It  Is  partly  Ignored  to-day  on  practically  every 
claas  of  work — the  producer  cesses  Co  take  keen  Interest  In  hts 
work.  Under  the  common  wage  system  of  paymeni,  one  brick  mason 
receives  as  much  as  another,  resardless  of  skill  and  energy.  In- 
dividual Incentive  Is  lucklne.  save  as  It  Is  supplied  by  fear  of  dls- 
charge.  When  Inborera,  working  under  the  wage  system,  are  put  at 
the  task  of  shoveling  ea.rth  Into  a  wagon,  each  man  seeks  to  do  aa 
little  as  hi*  ne)g:hbor,  and  Che  slowest  becomes  the  pacemaker  for 
the  rest.  Such  amliitlon  as  any  Individual  may  possess  Is  stiflej 
by  the  knowledge  that  his  Increased  output  will  never  be  known 
by  his  employer,  and  consequently  never  rewarded.  Moreover,  an 
ambitious  man  In  such  a  gang  la  chlded  by  his  fellows  who  warn 
him  not  to  set  a  "bad  example"  by  working  himself  out  of  a  Job. 

The  wage  system  Is  re^ranslble  In  the  first  place  for  lack  of  suf- 
ndent  Incentive  to  good  performance,  but  Its  vicious  effects  have 
been  greatly  augmented  by  the  stupid  actions  of  many  labor  unions, 
such  as  the  restriction  of  dally  output,  the  limiting  of  the  number 
of  apprentices,  the  demanding  of  wages  that  have  no  relation  what- 
ever to  the  output  of  Individuals,  the  refusal  to  work  under  fora- 
men whn  are  not  also  members  of  the  union,  the  refusal  to  do  any 
sort  of  work  eicept  that  prescribed  by  the  union,  and  the  like.  In 
the  long  run,  all  such  restriction  of  output,  whether  due  to  the  lack 
Of  sufllclant  Incentive,  or  to  the  rules  of  labor  unions,  or  to  the  cus- 
toms of  a  country  crystalliied  Into  casta  such  as  exists  In  India. 
lead   to    a    reward    commensurate   with    the   output.      Summing   up : 

The  high  wages  prevalent  In  America  are  due  neither  to  labor 
unions,  as  some  profess  to  suppose,  nor  to  abundance  of  natural  re- 
sources, but  to  the  fact  that  In  America  labor  unions  have  not  thus 
far  greatly  restricted  the  output  of  Individuals  except  In  a  few 
tradecL  and  more  particularly  to  the  fact  that  they  have  not  opposed 
the  Introduction  of  labor  saving  machinery.  In  addition,  American 
managers  are  far  In  advance  of  all  others  In  their  recognition  of 
the  fundamental  law  of  managemcnl — namely,  that  the  reward 
should  be  proportionate  to  the  performance.  Hampered  though  they 
have  been  by  the  wage  system,  American  managers  have  been  lib- 
eral In  their  policy  of  payments  for  work  performei.  In  recognition 
of  bla  share  In  the  greater  output  of  earth  excavation,  the  Mean 
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dtovel  enslDenieii  In  the  United  States  receives  t!25.0D  to  tlT5-D0 
a  month. 

Within  the  oeM  decade  still  further  Htrldea  have  been  made  by 
American  maoaserB  toward  a  more  elTectlve  recognition  ol  this 
[undaiiiwital  law  of  proportionate  rewards  Various  systems  of 
payment,  known  as  the  bonus  system,  the  differential  piece  rate  Bys- 
teai.  and  the  like,  have  come  into  more  general  use,  and  even  the 
old  piece  rate  system  has  received  a  new  lease  of  lite,  all  tending 
wonderfully  to  slimulata  the  energy  and  wits  of  workmen,  because 
they  are  in  accord  with  the  law  of  proportionate  reward. 

a.  The  Ubw  of  Prompt  Reward.— Any  reward  or  punishment  is 
that  Is  remote  In  the  time  of  its  application  has  a  relatively  faint 
Influence  In  determining  the  average  man's  conduct.  To  be  most 
effective,  the  reward  or  punishment  must  follow  swiftly  upon  the 
act.  Hence  a  managerial  policy  that  may  be  otherwise  good  Is  like- 
ly to  fall  It  there  Is  not  a  prompt  reward  for  excellence  Most 
profit- sharing  systems  have  fslled,  principally  because  of  failure  to 
recognize  the  necessity  of  prompt  reward,  .is  well  as  because  of 
failure  to  recognise  the  necessity  of  Individual  Incentive. 

The  lower  the  scale  of  Intelligence,  the  more  prompt  should  be 
the  reward.  A  common  laborer  should  receive  at  least  a  statement 
of  what  he  has  earned  every  day.  If.  In  the  morning,  he  receives  a 
card  stating  that  he  earned  tZ.lO  the  previous  day,  he  wil!  go  at 
his  task  with  a  vim.  hoping  to  do  better.  But  if  he  does,  not  know 
what  he  has  earned  until  the  end  of  a  week,  his  Imagination  Is  not 
apt  to  be  vivid  enough  to  spur  him  to  do  his  besi. 


B.  The  Law  of  Competition.— The  pleasure  of  a  competitive  game 
Ilea  In  conquering  an  opponent,  and  this  follows  logically  from  the 
tact  that  competitive  games  are  an  evolution  from  the  primllive 
chase  or  battle.  Work  conducted  as  a  competition  becomes  a  game, 
and  thus  stimulates  those  engaged  not  only  to  strive  with  great  en- 
ergy but  to  derive  keen  pleasure  from  the  contoaL  The  business 
man  who  continues  to  pile  up  millions,  long  after  his  wealth  Is  suf- 
ficient to  satisfy  every  possible  want,  does  so  from  pure  Joy  In  the 
contest  to  excel  others  engaged  In  the  same  business.  He  is  follow- 
ing the  law  of  competitive  work. 

By  pitting  one  gang  of  workmen  against  another  gang,  the  spirit 
of  contest  Is  easily  aroused.  But  It  la  Impossible  to  maintain  this 
spirit  IndeDnltely  without  following  the  seventh  law  of  manage- 
ment of  men — namely,  by  making  the  reward  proportionate  to  the 
performance.  When,  however,  this  seventh  law  of  management  Is 
observed,  an  added  spirit  Is  given  to  men  by  pitting  one  gang  against 
another.  Thus,  In  laying  concrete  by  hand  for  a  pavement,  the  best 
method  la  to  have  two  distinct  gangs  working  side  by  side,  each 
gang  concreting  from  the  center  of  the  street  to  the  curb.  When 
this  la  done  under  a  l>onus  system  of  payment  the  output  is  aslon- 

Where  competing  workmen  cannot  see  ono  another's  output,  a  bul- 
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lelln  board  should  be  used,  irhereon  tha  number  or  UBlta  oT  work 
performed  by  eacb  man  or  eacb  gaag  at  men  ahould  be  pOBted. 

Convert  viorJc  into  a  eompetitlus  game  bu  organitiftg  competlnfT 
gangt  of  men  and  6y  poeUng  their  pBr/ormonce. 

10.  The  Law  of  Maniger[al  Dignity.— That  there  ihould  be  any- 
tblng  like  casta  among  managers  seemi,  at  flrst  repulBlve  to  demo- 
cratic prlnclplaa  of  sovernment.  whether  the  Kovemment  be  politi- 
cal or  Industrial.  NevBrtbelesB,  a  study  of  the  personalltr  of  the 
most  succesBfuI  managere  umially  dlHclOBea  a  ctiaractarlstlc  of  flrm- 
neaH  coupled  vKh  a  sort  of  austere  dignity.  The  beat  manaser  Is 
never  "one  of  the  boys." 

UanaKerlal  control  reanheB  its  aerae  of  Bieellenoa  In  the  army, 
and  there  we  And  class  distinctions  most  scrupuloualy  observed. 
The  oiBcera  do  not  "mess"  with  the  man,  nor  do  tliei'  form  clOM 
friendships  with  the  eoldlers  In  tha  ranks. 

Familiarity  breeds  contempt,  or  It  breeds  at  least  a  feeling  that 
the  great  man  is  not  so  great  after  all.  All  managers  are  under 
the  constant  Are  of  criticism  of  their  subordinates  Whether  they 
reatlie  It  or  not.  The  beat  shield  that  a  manager  caj)  wear  Is  dis- 
tance, ills  mile  foibles — and  all  men  have  them — may  thus  be 
liapt  concealed.  It  Is  essential  that  they  t>e  concealed,  for  men  of 
leas  mental  endowment,  wll!  always  seise  upon  the  llttla  defects  of 
greater  men's  character  or  attainment  as  evidence  of  lack  of  any 
real  superiority.  The  eye  of  criticism  Is  a  microscope  for  human 
frailties.  Being  a  microscope.  It  Is  wise  to  keep  beyond  Its 
range,  so  that  the  whole  character  may  be  viewed  by  the  naked  eye 
In  its  true  perspective. 

Discipline  In  an  Industrial  army  is  as  essential  as  In  a  military 
organization,  and  It  la  best  secured  by  military  methoda.  This  In- 
volves: (I)  The  social  separation  of  the  officers  from  tha  men;  and 
.  (Z)  a  sequence  of  reapensibility  from  the  man  In  the  ranks  to  the 
highest  oOlper. 

For  every  act  on  the  work  every  man  should  be  responsible  to 
Botne  particular  man  higher  In  authority.  There  ahould  never  be 
any  doubt  as  to  whom  a,  man  Is  rew)onslble:  but  It  does  not  follow 
that  a  man  should  be  responsible  to  only  one  pergon,  except  for  cer- 
tain acta  As  wc  have  previously  shown,  an  industrial  organization 
may  have  several  clateea  of  foremen,  to  each  of  whom  each  work- 
man Is  responsible  for  certain  acts.  What  we  now  emphasize  is  the 
Importance  of  not  dividing  the  responsibility  for  any  particular  act. 
A  contractor,  for  example,  should  rarely  give  any  orders  to  a  Work- 
man. All  orders  should  come  through  the  proper  foreman.  To  do 
otherwise  results  net  only  In  reducing  the  workman's  respect  for 
the  foreman,  but  it  frequently  angers  the  foreman,  who  feels  that 
he  has  lost  dignity  in  the  eyes  of  the  workmen. 

It  Is  often  wise  to  change  foremen  from  one  gang  to  another.  In 
order  to  preserve  the  class  distinction  between  foremen  and  men. 
As  foremen  become  acquainted  with  the  men.  they  generally  want 
to  be  regarded  as  good  fellows,  and  will  then  permit  infractions  of 
rules  and  a  general  decrease  In  activity.    Who  has  not  noticed  that 
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Aort  jotw  nmallr  move  with  a.  "taap"  that  la  not  aliraya  ch&rarter- 
IMIc  of  Ioiig«r  Jobs? 

We  ma;  nun  up  thus: 

IKicipIJfM  la  beat  aecvred  iy  matuigBrial  dignity,  and  dignitv  l» 
but  prtterued  E>v  social  aeiKiratliMi  of  manapera  from  aubordinatea 
Bad  bv  <M  invarfabUi  aeguenoe  of  reapimaibUilj). 

Mcaturing  the  Output  at  Workmen. *_Befani  men  can  be  paid 
ifcordtne  to  their  performance  !t  obviously  Is  neceHarr  to  devlsa 
ntelhoda  of  meamrinK  the  number  of  unite  of  work  done,  but  It  l« 
sot  always  ao  obvtoua  what  tinlts  to  aelect  nor  how  to  meaaure  them 
r^^lr  after  the  selection  of  units  has  been  made.  Indeed,  this  dit- 
flniltr  accounla  In  laree  part  for  the  slowness  with  Which  piece  rate 
and  bonus  syststia  have  be«n  adopted. 

Su&dfHafow  of  UnUa  into  Oiber  Unlla.  In  englnBcrlng  constratv 
Uoe  the  cubic  yard  la  a  very  common  unit  upon  which  contract 
piiccfl  ara  baaed,  but  the  cubic  yard  Itself  1b  frequently  a  very  un- 
certain unit  of  performance,  for  It  la  a  composite  of  other  units. 
Thus.  In  rock  excavation  there  are  several  distinct  oparatlona  to- 
Tolved.  which  may  be  enumerated  as  follows: 

t.     DrillinE- 

1.     CharKing  and  (Iring    (or  blastlne). 

I.     Bra^kliiK  large  chunks  to  suitable  sliea. 

4.     tioadiDK  Into  cars,  carts,  skips,  or  tba  tike. 

i.     TmnsportlnK. 


Tb«  Important  Item  of  drilling  depends  largely  upon  the  apac' 
bus  ot  tha  drill  holes,  which  varies  in  different  kinds  of  rock,  and 
In  dUTerent  kinds  of  excavation,  trenches  and  tunnels  requiring  clone 
wadns.  Clearly,  then,  the  lineal  foot  of  drill  hole  Is  a  unit  of 
work  that  must  be  adopted  by  the  rock  contractor  In  maamirlng  the 
output  of  his  drlUera,  and  not  the  cubic  yard. 

Trann>OTlatlon  la  largely  a  function  of  distance,  hence  the  unit 
of  transportatlan  coat  ahouid  be  the  ton  (or  yard)  carried  lOD  ft 
or  1  mlle^  and  not  the  cubic  yard  without  the  factor  of  distance. 

Our  first  rule  to  be  applied  In  seeking  units  that  truly  express  the 
amount  of  work  done  Is  as  follows:  Divide  the  coneract  price  unlla 
Isto  SHt-iniiM,  aeleetlHg  the  "foot-jHmnd"  of  vxn-k  aa  the  sub-unit 
vherever  poaalbte. 

A.  foot-pound  Is  the  unit  of  work  used  In  theoretical  and  applied 
mechanics.  It  Is  the  amount  of  work  required  to  lift  1  pound  a 
height  of  1  fool.  All  forma  of  work  are  capable  theoretically  of 
tMdng  expressed  In  foot-pounds,  but  it  is  often  very  dlftlcult  to  do 
so  la  practice.  For  example,  It  la  not  an  eaa/  matter  to  aacertaln 
bow  many  foat-pounda  of  work  a,  man  performa  In  shoveling  earth 
Into  ft  wagnn,  for  there  Is  not  only  the  number  of  foot-pounds  In- 
vol««(l  In  lifting  the  earth  but  In  pushing  the  shovel  into  the  earth, 

•Ttae  following  pages  relating  to  the  i 

"""len  have  been  abalracted  from 

Enghieerlng,"  by  Olllette  and  1 
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In  tirtlns  the  Ihovsl.  In  llttlnK  the  uDper  part  of  his  awn  body,  and 

In  overcoming  tho  Inertia  of  earth,  shovel  and  boiSy.  However,  the 
theoretical  Ideal  unit  Ib  the  foot-pound,  and,  [n  seleftlnR  the  actual 
unit  to  be  uMd,  the  offort  should  be  made  to  secure  a  unit  that  Is 
aa  closely  equivalent  to  the  foot-pound  as  possible  Thus,  In  drill- 
ing, there  are  certain  units  of  work  done  by  the  drill  in  pulvertiing 
the  rock  In  the  drill  hole,  and  this  work  Is  quite  closely  represented 
by  the  number  of  lineal  feet  of  drill  hole  In  any  given  kind  of 
rock.  Hence  the  most  practical  unit  of  work  In  drilling  is  the  foot 
of   hole   drilled. 

The  second  point  to  consider  Ln  selecllnR  suitable  units  of  work 
Is  tlie  different  processes  Involved.  Each  process  on  neld  contract 
work  usu.-illy  Involves  a  different  class  of  men.  In  rocit  excavation 
ttii  six  Items  above  Riven  usually  Involve  air  sepnratc  gangs  of 
mc'i.  Although  all  contribute  their  part  to  the  final  contract  unit 
upon  which  payment  Is  received — the  cubic  yard — yet  the  work  of 
each  may  bo.  and  usually  la.  better  mrasured  In  terms  9f  some  other 
unit.  We  already  h.ive  seen  that  the  lineal  foot  ot  drill  hole— and 
not  the  cubic  ynrd — Is  tho  unit  to  select  for  the  drilling  gang.  The 
pound  o[  exploBlve  charged  In  the  drill  holes  [s  a  good  unit  by 
which  to  measure  the  work  done  by  the  bhistlng  gang.  The  cubic 
yard  of  rock  usually  is  tho  only  practical  unit  of  breaking  large 
rock  chunks.  So.  too,  ttie  cubic  yard  becomes  the  unit  for  loading 
and  (or  dumping,  whereas  the  yard-mile,  or  ton-mile.  Is  made  the 
unit  of  transportation.  Sttll  further  subdivisions  of  some  of  these 
bU  processes  are  often  desirable,  yielding  still  other  units  that  more 
closely  approximate  the  foot-pouniJ  unit. 

Therefore,  our  second  rule  Is  as  follows;  SlncA  conatmcllon  um- 
ally  Is  divided  Into  proceeacs,  and  tince  a  aeparale  gang  uaualltf 
performt  each  proceii,  aclecl  aub-mUa  iHwed  upon  the  taork  done 
6y   each   gang. 

In  order  lo  apply  this  rule  It  frequently  Is  necessiry  to  reorgan- 
ize (he  work  so  that  each  process  Is  performed  by  Its  special  gang. 
Where  Ihe  work  is  not  ot  sufllclent  magnitude  to  keep  distinct 
(janga  bu^y  on  each  separate  process,  it  Is  still  often  possible  to 
work  Ihe  same  gang  a  few  hours  at  one  process  and  then  shift  It 
to  another  process.  Instead  of  working  the  same  men  In  a  helerogen- 

Unlts  tor  Concrete  Work. — The  cost  of  a  cubic  yard  of  concrete 
varies  between  about  )3.00  for  chenp  pavement  sub-base  to  about 
120.00  lor  certain  parts  of  a  reinforced  concrete  building,  A  hasty 
generalization  drawn  from  such  variations  as  this  has  led  many 
an  engineer  lo  ecout  the  usefulness  ot  cost  data,  particularly  such 
data  as  have  not  been  gathered  by  the  Indtvlduni  who  attempts  to 
draw  conclusions  from  them.  However,  when  the  cubic  yard  ot 
concrete  Is  divided  Into  proper  aub-unlts  of  cost.  It  Is  aatonlshlng 
to  note  the  fading  away  of  all  seeming  dlfftcultlea.  cither  In  esti- 
mating costs  of  concrete  or  In  securing  data  upon  Which  to  Judge 
Ihe  efllclency  of  workmen. 

The  labor  processes  In  concrete  may  ha  classified  as  follows: 
].     TtBcclvlng  and    storing   materials. 
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Delivering  materlala  to  the  mixer   (loading  and  hauling). 
Mixing  concrete. 
Transporting  concrete. 


ible 


t.     Ramming  concrete. 

T.     Finishing   the   BUrface 

S.     Pramlns  the  lumber  for  (orros. 

9.      Eh-ecUng  (omu. 

10.  Shitting  and  cleaning  form& 

11.  Taking  down  tonn& 

12.  Shaping  the  reinforcing  steel. 

13.  Placing  the  reinforcing  Kt^ 
Some  of  these  processes  may  b 

I5uent!y  tt  la  desLrable  to  do  so. 
la  usually  a  sallsTactory  unit  for 

7.     Ttema  S  to  II   should  be  cxpr 

M.  as  [he  unit,  and  It  la  usually  desira 

estltnatlng  the  cost  of  w 
ciprcssefl  In  terms  of  th« 
l«r  o(  pounds  of  ateel  p 

Two  or  More  Units  fo 
rated.  It  la  frequently  desirable  to  use  more  than  one  unit  of  meas- 
uremenL  The  unit  on  which  the  contract  price  Is  based  Is  usually 
3  desirable  one  In  which  to  express  all  items  of  tost,  in  addUton 
to  this,  the  i^oEt  of  eai^h  Item  may  be  expressed  In  other  units,  such, 
ror  eioRiple,  as  the  1,000  ft.  B.  M.  nnd  the  square  foot  of  area  for 
form  work  In  concrete  construction.  Such  units  should  be  ralect- 
ed  as  will  permit  comparlsnn  not  only  of  one  day's  work  with  an- 
other, but  of  one  job  with  another,  and  frequently  It  la  desirable  to 
select  units  that  may  be  used  In  comparing  two  entirely  difterent 
classes  of  work. 

Uniformity  In  Units  of  Measurement. — The  economic  Importance 
of  unlfirmlty  In  units  of  measurement  cannot  be  over-estltnated. 
To  illustrate:  The  common  unit  of  concrete  work  Is  the  cubic  yard, 
but  It  is  customary  to  measure  cement  walks  In  square  feet.  Now 
tnls  le^ida  to  many  blunders,  not  only  In  estimating  Che  coat  of 
w:ilka,  but  In  effecting  reductlona  In  coat.     Not  only  doea  the  thick- 

•and  In  each  layer  of  the  walk  la  variable.  Therefore,  to  say  that 
II  take*  BO  many  barrels  of  cement  to  make  100  sii-  ft.  of  walk 
means  next  to  nothing  unless  the  plans  and  specifications  for  the 
walk  are  also  given.  For  purposes  cf  accurate  estimating  It  Is 
amvnary  to  prepare  tables  of  cost  of  mortars  and  concretes  In 
tirma  of  the  cubic  yard;  then  by  remembering  that  100  sq.  ft. 
having  a  thickness  of  1  inch  are  almoat  exactly  0.3  cu.  yd..  It  Is  n. 
simple  matter  to  convert  casta  per  cubic  yorJ  into  coals  per  squaro 
foot. 

Net  only  in  computing  costs  of  cement  walks,  and  the  like,  but  In 
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reducing  coats,  does  It  aid  us  to  use  the  cubic  yard  aa  the  unit,  for 
It  enables  us  to  make  comparlBons,  and  thereby  discover  Inefll- 
ciencr  of  workers.  BiBewhere  in  this  book  a  case  is  cited 
Where  the  labor  cost  of  the  face  mortar  for  a  concrete  wall 
waa  out  of  all  proportion  to  what  It  should  have  been.  Had  the 
contractor  estimated  the  cost  of  this  mortar  In  cubic  yards,  ha 
would  have  discovered  that  It  was  excessive.  The  labor  of  mUlns 
mortar  should  not  be  much  greater  than  the  labor  of  mixing  con- 
crete per  cubic  yard,  nor  should  the  labor  of  conveying  the  mortar 
In  wheelbarrows  be  greater.  The  labor  of  placing  It  In  a  tlUn 
layer  Is  obviously  greater  than  for  placing  concrete  In  thick  layers; 
but.  In  the  case  mentioned,  the  contractor  was  losing  his  money  In 
mixing  and  conveying  the  mortar.  He  had  not  rceognlied  the  fact 
because  he  had  not  reduced  the  cost  to  dollars  per  cubic  yard  of 

In  like  manner,  one  may  often  see  money  wasted  In  making  and 
delivering  mortar  to  bricklayers  and  masons,  becBUBO  the  coat  of  the 
mortar  Itself.  In  terms  of  the  cubic  yard  of  mortar  (not  of  ma- 
sonry), has  not  been  calculated. 

The  cost  of  labor  on  forms  and  falsework  should  always  be  re- 
corded In  terms  of  1,000  ft.  B.  M..  as  the  unit:  for  that  Is  the 
common  unit  of  timber  work,  and,  being  so,  ready  comparisons  can 
be  made  only  In  dollars  per  M.  ft.  B.  M. 

It  Is  surprising  how  few  managers  of  men  have  realised  the 
value  ot  reducing  the  cost  of  each  Item  of  work  to  units  that  are 
comparable:  and  by  this  we  mean  units  In  terms  of  which  Milirely 
different  classes  of  work  may  be  compared.  Thus.  In  a  brick  pave- 
ment there  Is  grout  uwd  between  the  Joints.  This  grout  Is  a.  thin 
cement  mortar,  and  It  averages,  let  us  say,  t  cents  per  sq.  ft.  of 
pavement.  Now,  what  does  It  average  per  cubic  yard  of  grout? 
Probably  not  one  paving  contractor  in  a  thousand  knows ;  but,  until 
he  does  know,  he  cannot  compare  the  cost  of  grouting  with  the 
cost  of  other  kinds  of  cement  work.  Many  a  time  have  we  had 
our  eyes  opened  to  unsuspected  losses  and  Inefflclencles  only  by 
reducing  the  costs  of  the  elements  of  work  to  units  comparable  with 
the  units  of  similar  work  In  other  fields. 

The  ton  Is  a  very  convenient  unit  to  use  when  comparing  the 
cost  of  loading  and  handling  materials  of  all  kinds.  The  ton  of 
brick,  the  ton  ot  gravel,  the  ton  of  tlml)er,  the  ton  of  cast-iron  pipe, 
aro  loaded  upon  wagons  by  hand  at  a  cost  differing  not  so  much, 
one  from  Ihe  other,  as  might  at  first  be  supposed.  When  reliable 
data  are  not  available  for  estimating  the  cost  of  handling  any  given 
material,  by  reducing  It  to  tons  an  approximate  estimate  can  usu- 
ally be  male  that  will  be  sallsfactory.  at  any  rate  (ar  more  reliable 

Units  of  Transportation — On  contract  work,  distances  of  trans- 
portation are  usually  so  short  that  the  percentage  of  time  "lost" 
by  cars,  carts,  etc.,  while  being  loaded,  becomes  a  very  large  part 
of  the  total  day's  time.  Hence  the  unit  of  transportation  must  not 
be  simply  a  unit  of  weigh),  or  of  volume,  transported  a  unit  dis- 
tance.    For  example. .  a  wagon  may  be  loaded  with  earth  In   4H 
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ntlnates.  transported  100  tu,  dumped  and  returned  tn  IVi  n>lii< 
utes.  or  lesa:  totaL  G  mlnuteB.  Ot  Ihla  time  less  than  2G7o  le 
iipent  In  tranai>orUn£  the  earth.  On  the  other  hand,  If  the  haul  IB 
G.OOO  [t..  Che  time  spent  In  transporting  may  be  937~.  The  cost 
per  100  IL  transported  la  almost  four  tiraea  aa  much  In  one  case 
as  In  the  other.  Therefore,  unless  the  hauls  are  so  long  that  the 
lime  loGt  In  loodlnE  and  unloading-  la  an  inslgnlflcanC  part  of  the 
total  time,  it  Is  essential  to  divide  [he  work  of  transportation   Into 

1.  Time  lest  loading. 

2.  Time   lost  tranaportlns- 

3.  Time  lost  unloading. 

Often  this  third  Item  la  so  small  that  It  may  be  disregarded.  On 
contract  work  It  Is  often  necessary  to  have  a  fourth  item: 

1.  Time  loat  during  the  shifting  ot  tracks,  and  other  clianses 
in  plant  location. 

In  brief,  the  lost  time,  of  whatsoever  nature,  must  be  deter- 
mined and  deducted  from  the  total  time.  l>efore  the  numlier  of 
unitfl  of  transportation  performance  can  be  divided  by  the  correct 
□umber  of  hourK 

Transportation,   therefore,   must  tie  divided  Into  two  main  units 

1.  Non-productive  (lost  time  loading,  dumping,  shifting  plant, 
etc.). 

2.  Productive, 

The  total  coat  of  the  non-productive  time  la  divided  by  the  total 
number  of  yarda  or  tons  moved  to  get  the  unit  non-productive  cost 
of  transportation. 

The  productive  cost  of  transportation  Is  the  ton-mile,  the  cubic 
yard-mile,  the  ton-station   (station  =  100  ft),  or  the  like. 

The  distance  of  transportation  Is  usually  computed  from  a  map, 
but  It  Is  often  desirable  to  attach  an  odometer  to  one.  [f  not  all, 
of  the  wagons,  locomotives  or  the  like. 

Odometers  of  the  kinds  used  on  automobiles  and  bicycles  can  be 
advantageously  used  In  a  great  many  places  on  contract  work,  a 
few  ot  which  are  as  follows;  On  wagons,  on  wheel  scrapers,  on 
locomotives,  on  traction  engines,  on  road  rollers,  on  derricks  (to 
record  the  number  ot  swings),  on  holsllng  engines,  on  cnblcway 
orrlagea.  etc.  Indeed,  wherever  a  machine  or  tool  has  a  revolv- 
ing or  reciprocating  part,  an  odometer  or  counter  can  be  used  to 
record  the  number  of  reciprocations  or  revolutions,  and  from  Ihe 
data  so  recorded  the  amount  ot  work  can  often  be  calculated  with 
great  accuracy, 

RMordIng  6ini)i«  Unit*. — There  are  many  classes  ot  work  in 
which  the  only  practicable  unit  to  be  used  la  the  single  or  Individ- 
ual unit  Itself;  thus,  the  telegraph  pole  erected,  the  pile  driven,  the 
door  hung,  etc.  Obviously  records  of  units  of  this  sort  are  so  read- 
ily made  aa  to    require   almost    no   comment. 

mits.      Soma  con- 
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lied  with  a  pencil.  Others  une  a  board  like  a  crlbbage  board,  bavins 
holes  In  which  plugs  are  put  to  record  the  number  at  units.  Still 
others  Klve  out  tickets  to  the  men  for  each  unit  of  worlt  delivered. 

Record  Cardi  Attached  to  Each  Pleca  of  Work.— In  doinc  ma- 
chine-shop work  It  Is  often  necessary  to  have  one  place  of  metal 
pass  through  the  hands  of  several  different  workers.  For  example. 
one  man  may  drill  holes  of  a.  certain  size,  another  man  may  drill 
holes  of  another  size,  still  another  man  may  thread  the  holes,  and 
80  on.  In  such  a  case  It  Is  common  practice,  where  careful  coat 
records  are  kept,  to  provide  a  card  that  la  attached  to  each  piece  or 
each  lot  of  pieces  In  blanks  provided  on  the  card,  each  worker 
enters  his  number,  and  the  number  of  hours  anil  minutes  spent  by 
him  in  doing  a  specllled  kind  of  work  on  the  piece.  A  modified  form 
of  this  method  la  to  attach  a  card  or  a  brass  check  to  each  piece. 
Klvlnfc  a  serial  number  and  letter  to  the  piece,  l^ch  workman  on  . 
the  piece  notes  Its  number  on  his  own  record  card,  and  oppoalte 
this  number  be  enters  the  amount  of  time  spent  on  the  piece. 

While  this  method  of  recording  output  cannot  be  as  frequently 
used  In  engineering  contmct  work  as  In  machine  shop  work.  It 
should  not  be  overlooked  by  the  general  contractor.  It  might  well 
be  applied  to  limber  worlc  where  one  gang  of  men  bores  the  holes, 
another  gang  saws  and  a  third  gang  "daps"  or  adzes  the  sticks,  and 
BO  on.  It  Is  desirable  always  to  nsslgn  different  kinds  of  work  to 
different  men.  not  only  because  tho  time  usually  lost  in  changing 
tools  may  be  saved,  but  because  men  liecome  more  expert  when 
they  do  one  cl.iss  of  work  only.  The  record  card  facilitates  the 
dilferentlatlon  of  labor  Into  classes,  and  is.  therefore,  a  great  aid 
In  Increasing  the  output  of  a  given  number  of  men. 

Measurements  of  Lenoth. — For  a  great  many  kinds  of  contract 
work  the  lineal  toot  Is  the  best  unit  to  use.  Track  laying,  fence 
building,  pipe  laying,  setting  curb,  etc.,  come  under  this  head. 
Many  other  classes  of  work  are  commonly  measured  only  In  terms 
of  the  llnea!  foot,  when,  to  permit  ol  true  camparlsons,  somo 
other  unit  or  units  should  also  bo  adopted.  Sewer  work,  for  ex- 
ample. Is  commonly  recorded  only  In  terms  of  the  lineal  foot ; 
but  the  amount  of  excavation  varies  greatly  per  llneat  foot  In  differ- 
ent sewers  and  often  In  the  same  aewer;  hence  the  excavation 
should  be  measured  with  the  cubic  yard  as  the  unit. 

Tunnel  excavation  should  also  be  reduced  lo  the  cubic  yard 
standard,  A  contractor  has  no  very  definite  Idea  whether  the 
"mucking"  (loading  of  cars)  In  a  tunnel  Is  being  done  economically 
or  not  until  he  has  determined  how  many  cubic  yards  each  man  Is 
loading  daily. 

Measurements  of  length  are  often  best  made  by  driving  a  line 
Of  stakes  IDD  ft.  apart,  calling  each  stake  a  "station."  The  start- 
ing point  or  station  is  called  Station  o.  Tho  next  station.  100 
ft.  from  the  start,  Is  Sta.  1 ;  the  next  station.  200  fL  from  tho 
start,  la  Sta.  2 ;  and  so  on.  Hence  the  mark  on  any  given  station 
stake  gives  the  number  of  hundreds  of  feet  from  the  starting 
point.      Points   Intermediate — that   Is   between   any   two   stalions— 
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are  call^   "pluses."      Thua, 

is  called  "two  plus  forty."  ai 

to  clear  that  It  Is  240  fl.  from  the  atari. 

Having  driven  a  line  of  station  stakes,  properly  marked  with 
tbeir  Btatlon  niunber,  a.  loreman  or  timekeeper  can  quickly  ascer- 
talD  the  station  and  plus  at  which  the  day's  work  has  been  com- 
pleted. 

In  many  tnatances,  measurements  ot  lenKtti  are  best  made  by 
coonllnK  the  number  □(  pipe  lengtha  laid,  or  iho  number  of  rail 
tenKths. 

Hcaaur«menta  of  Area. — FavlnE.  painting,  roollnK,  pleaterlnK.  s.nd 
many  other  classea  of  construction  work  are  best  ine:iBured  In 
terms  of  the  square  yard,  square  foot,  or  "square"  (100  sq.  ft.) 
aa  the  unit.  Since  areas  are  usually  meaaured  with  eaae,  It  is 
noticeable  that  area  work  Is  generally  done  with  much  grealer 
economy  than  mass  work,  which  Is  usually  more  dIRIcult  to  meas- 
Di«  and  consequenti]'  not  measured  every  day  on  moat  Joba.  It 
la  sometimes  not  easy  to  measure  the  number  of  thousand  feet 
board  measure  In  concrete  forms,  In  which  case  It  may  be  prefer- 
able to  measure  the  area  of  concrete  covered  by  the  forma,  from 
whirh,  if  desired,  the  amount  Of  lumber  can  be  calculateJ  approxi- 
mately. 

McAMircments  of  Volume.— This  class  of  measurements  Is  usually 
the  most  difficult  to  matia  for  purposes  of  dally  output  reporta 
Erxcavatlon,  for  example.  Is  not  easily  measured,  as  a  rule,  except 
by  a  surveyor.  Of  maaalve  masonry  the  same  Is  true.  Hence  there 
are  few  contractors  who  know  accurately  how  many  cubic  yards  of 
this  Bort  of  work  should  be  accredited  each  day  to  each  gang. 
Record  should  be  kept  of  the  number  of  car  or  wagon  loads  of 
excavated  material ;  but,  to  derive  much  benefit  from  auch  records. 
care  must  be  taken  to  have  cars  and  wagonE  of  uniform  size  uni- 
formly loaded,  or  to  keep  record  of  the  capacitlea  of  the  different 
vehicles.  Where  daily  measurements  of  volume  are  difficult  to 
secure,  some  one  or  more  of  the  following  methods  may  be  adopted. 

MaasuremenU  of  WelghL~Loa<]ed  cars  or  wagons  can  be  weighed 
on  track  scales  or  on  portable  platform  scales,  ana  this  can  ho 
profitably  done  far  oftener  than  it  la.  Loaded  aklps  and  buckets 
ran  be  weighed  with  spring  balances  attached  to  the  hoisting 
rope  of  a  derrick.  It  is  sometimes  very  difficult  to  meaaure  volumes 
of  certain  quantities  In  the  Held  and  It  Chen  tiecomes  of  advantage 
to  weigh  them.  It  Is  not  easy  to  tell  how  much  rock  there  is  on 
a  Alp  load  without  weighing  the  loaded  skip  either  by  placing 
it  on  acales  or  by  putting  a  spring  balance  on  the  derrick.  Spring 
balances  oC  that  character  can  be  purchased  of  a  capacity  up  to 
I,(M  Iba.  and  coating  about  1150,  Another  form  of  rock  measuring 
■{^aratus  Is  In  the  nature  of  a  balance,  costing  about  tllB,  A 
great  advantage  of  a  spring  balance  on  a  derrick  Is  that  it  takes 
ni»  extra  time  for  handling,  and.  while  the  flrat  coat  acems  rather 
Ugb,  the  information  obtained  on  a  large  piece  of  work  Is  well 
worth  Its  cosL 
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In  B.  good  many  of  the  Hudson  R[ver  Trap  Rock  QuairlM  the 
•ton*  la  handled  In  cars  which  are  pushed  alonK  on  the  track!  tor 
purposes  of  weighing  and  the  man  are  paid  for  performanoo  ac- 
cording to  ths  weights  on  the  cara  This  Is  a  very  accurate  and, 
where  It  la  practicable,  a  highly  satisfactory  method  of  measuring 
output 

This  method  has  long  been  In  use  at  coal  mines  where  every 
car  Is  numbered,   and  Is  weighed  before  dumping. 

On  contract  work,  such  aa  macadamizing,  for  example,  each 
wagon  load  may  be  weighed,  If  the  amount  of  the  work  warrants 
the  purchase  and  use  of  platform  scales.  It  Is  usually  considered 
eufflclentlr  exact,  however,  to  measure  the  size  of  a  few  loads, 
and  simply  count  the  number  of  loads.  However,  loads  often 
vary  so  greatly  In  size  that  this  method  of  counting  loads  becomes 
very  unsallsfaclory.  This  holds  true  particularly  of  loads  of 
Quarried  atone,  of  earth  loaded  by  steam  shovels,  and  the  like.  Id 
such  cases  the  contractor  should  seriously  consider  the  advisability 
of  weighing  each   load. 

One  of  the  most  difllcult  clHSses  of  construction  work  to  measure 
dally  Is  rubble  masonry.  Yet  we  have  found  two  very  satisfactory 
methods  ul  recording  the  work  done  by  each  derrick  gang.  One 
way  Is  to  use  wooden  skips  that  are  loaded  at  the  quarry  with 
stone,  put  upon  cars  and  transported  to  the  work.  Elach  skip  Is 
provided  with  a  clip  for  holding  a  brass  check.  The  checks  ars 
numbered  serially,  and  the  weight  of  stone  (corresponding  to 
each  number  Is  entered  In  a  book ;  for  before  delivery  to  the 
masonry  derricks  each  skip  is  lifted  by  a  derrick,  placed  on  scales 
and"  weighed.  It  Is  sometimes  preferable  to  provide  a  largo  spring 
balance  for  weighing.  Instead  of  using  scalea  The  mason  In 
charge  of  the  derrick  gang  removes  the  brass  check  from  the  skip 
and  keeps  11.  entering  its  number  on  a  card  which  is  turned  over 
to  the  timekeeper  at  night,  together  with  the  brass  checks.  Thus 
it  is  possible  quickly  to  ascertain  the  number  of  tons  of  rubble 
laid  by  each  gang. 

Functional  Units  of  M assure, —Under  this  head  we  class  all 
measurements  of  units  that  are  functions  of  the  desired  units. 
Thus,  In  any  given  mixture  of  concrete,  the  number  of  barrels  or 
bags  of  cement  Is  a  function  of  {I.  e.,  It  bears  a  dellnlte  relation 
to)  the  number  of  cubic  yards  of  concrete.  Hence  a  record  of  the 
amount  of  cement  used  each  day  will  enable  making  a  close  approxi- 
mation to  the  number  of  cubic  yards  of  concrete. 

In  rubble  or  Cyclopean  masonry,  a  record  of  the  number  of 
buckets  of  mortar  will  enable  making  a  close  calculation  of  the 
yardage  of  masonry.  If  spalls  are  liberally  used  to  reduce  the 
amount  of  mortar,  as  they  should  be,  then  the  number  of  buckets 
or  skips  of  spalls  should  also  be  recorded. 

The  number  of  gallons  of  paint  used  Is  ordinarily  a. fair  criterion 
of  the  area  of  surface  painted. 

By  the  use  of  packets  tor  handling  bricks,  Ollbreth  has  de- 
veloped a  system  of  measuring  the  worti  done  by  each  bricklayer, 
for  count  Is  made  of  the  empty  packets  stacked  up  by  each  maaon. 
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Since  each  packsl  Is  loaded  with  a  dellnlte  number  of  brick*,  this 
Blv«i  on  accurate  record  of  tauAt  man's  output 

Stockpile  MaMurement*. — There  are  certain  kinds  of  construction 
that  are  best  measured  Indirectly  by  ascertaining  what  has  been 
removed  each  day  from  the  stock  pllea  Thus,  in  erecting 
a  frsme  building,  the  dlfTcrent  kinds  and  sizes  of  lumtier 
ran  be  piled  In  stock  piles  of  regular  slie,  easily  meas- 
ured. Kolla  of  paper,  bundles  of  Bhlngles.  etc,  can  be  stored 
•  In  such  manner  that  a  dally  Inventory  of  stock  on  hand  Is  readily 
madev  By  subtracting  the  amount  shown  by  the  Inventory  at  the 
Ntd  of  each  day  from  the  amount  on  hand  the  previous  day.  an 
accUTSta  record  Is  obtained  of  materials  that  have  gone  Into  the 
btilldlns-  Since  a  carpenter's  work  Is  usually  best  measured  In 
terma  of  the  1.000  ft  B.  H.,  the  square  of  shingles,  and  the  like,  It 
is  evident  that  stock  pile  measurements  can  be  used  to  great  ad- 
vantage In  determining  the  number  of  units  of  certain  kinds  of 
work  performed  on  a  building. 

The  measuring  of  material  Is  greatly  facilitated  by  using  a 
standard  method  of  handling.  Qllbreth's  rule  for  cement  (see  his 
"Field  System")  la  to  place  the  tiagB  one  on  top  of  the  other  in 
pika  of  mty. 

One  of  the  most  difficult  of  the  materials  to  check  regularly  is  the 
reinforcing  steel  for  concrete.  If  this  Is  handled  In  plain  bars 
they  can  be  weighed  and  wired  In  bundles  of  100  Iba.  this  being 
a  suitable  slie  for  two  men  to  carry.  The  bundles  are.  of  course. 
ACariy  always  more  or  less  than  100  Iba,  and  when  the  steel  Is 
wired  It  la  a  good  plan  to  attach  to  each  bundle  a  tag  grlvlng  Its 
weight,  which  tag  can  be  left  with  the  storekeeper  for  record  as 
the  bundles  are  removed  to  tha  work.  The  difficulty  of  obtaining 
these  records  Is  caused  by  the  fact  that  tha  material  Is  usually 
placed  in  a  haphazard  way  wherever  It  happens  to  be  most 
convenient  for  the  men  placing  It  without  any  systematic  regani 
for  Ita  uae  on  (he  work. 

Key  Units  of  Messure.— It  t>  always  desirable  to  relieve  the 
foreman  or  timekeeper  of  the  work  of  computing  the  number  of 
Dnlts  of  work  done  dally,  wherever  such  computation  involves  either 
ntany  measurements  or  much  labor  In  computing.  A  foreman  can 
readily  report  the  number  of  "statlontf"  of  road  graded  or  macadn  ra- 
ised, leaving  to  the  office  force  the  work  of  deducing  the  number  of 
units  of  work  performed. 

A  further  step  In  the  same  direction  Is  the  use  of  key  letters  and 
numbers  to  designate  sections  of  work  whose  dimensions  the  fore- 
man may  not  know  but  which  are  recorded  In  the  office,  and  from 
which  the  number  of  units  of  work  performed  can  be  readily  ascer- 
tslnedL  For  convenience  we  call  these  units  key  units,  since  they 
■re  detignated  by  key  letters  or  numbera 

Key  Units  on  Drawings.— Any  given  structure  eah  usually  be 
(Hvlded  Into  "section^'  Identical  in  shape  and  character  of  work. 
Thus,  In  a  concrete  building,  there  are  a  numl>er  of  columns  of 
Ideatital   else,   a   number   of   beams   also   tdentlcal.    a   number   of 
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Identical  floor  slabs,  and  so  on.  To  each  of  these  "sections"  a  hey 
letter  or  number,  or  a  combination  letter  and  number,  may  be 
aed^ned  and  written  on  the  drawing. 

I(  numbers  from  lOD  lo  199  are  reserved  for  "secttonB"  on  tbe 
flrst  floor,  and  the  letter  C  Is  used  to  denote  columns,  then  C  100 
win  designate  a  particular  kind  of  column  on  the  first  floor ;  while 
C  200  will  dCBlgnale  a  correspondlne  column  on  the  second  Roor: 
Having  assigned  keys  to  all  "aectlons."  the  foreman  or  timekeeper  Is 
tumlslied  with  blueprints  on  which  the  "sections"  with  their  re- 
spective keys  are  marked.  In  some  Instances  it  Is  preferable  to  ' 
furnish  only  a  few  large  blueprints  containing  many  "sectional'  on 
each  print,  but  it  Is  usually  desirable  to  supplement  these  large  blue- 
prints with  small  ones  of  notebook  size,  which,  If  preferred,  can  be 
punched  and  bound  In  a  loose-leaf  binder. 

The  foreman  or  timekeeper  reports  dally  the  number  of  each  class 
of  "sections"  built  by  each  gang.  uBlng  the  proper  key  to  desig- 
nate each  "section."  The  offlce  force,  having  computed  the  number 
of  units  of  work  In  each  section.  Is  then  able  to  record  Che  total 
number  of  units  of  work  done,  with  accuracy  and  with  rapidity.  If 
a  full  "section"  is  not  completed,  the  foreman  or  timekeeper  esti- 
mates the  percentage  completed,   and    reports  accordingly. 

Keys  Marked  on  aeparate  Members.— On  certain  classes  ot  worlc 
a  modlOcatlon  of  th«  above  plan  Is  preferable.  Inatead  of  pro- 
viding the  foreman  or  timekeeper  with  drawings  having  keyed 
"sections,"  a  key  numt>er  or  letter  Is  painted,  or  otherwise  marked, 
on  each  separate  member  o(  the  structure  before  it  is  put  Into 
place.  Thus,  each  block  of  cut  stone  Is  measured  In  the  stock 
yard  and  a  "key"  is  painted  upon  It.  Then,  when  the  foreman 
reports  that  block  A  105  has  been  laid  in  the  wall,  the  offlce  force 
can  determine  Its  volume  from  the  recorded  measuremenlH.  The 
authors  have  found  this  lo  be  the  moat  satisfactory  method  of  re- 
cording cut  stono  work,  tor  it  la  thus  possible  not  merely  to  tell 
the  total  amount  laid  each  day  by  several  derrick  gangs  but  to  tell 
precisely  what  each  gang  has  done,  for  each  boss  mason  can  be 
required  to  record  the  key  number  of  every  atone  laid  under  his 
direction.  The  office  work  of  computing  the  volume  of  each  stone  Is 
insli^iflcant  In  amount  if  tables  are  used  tor  compulation,  such  as 
Naah's  "Expeditious  Measurer"  (|!.00).  These  tables  give  the 
volume  of  any  block,  progressing  In  size  by  Inches  up  to  A  ft.  9  In. 
X  8  ft.  4  In.  I  1  ft.  1  In.  The  tables  also  give  surface  areas,  pro- 
gressing l>y  inches,  up  to  4  ft  1  In.  x  8  ft   B  In.  In  size. 

Structural  steel  members  can  bo  marked  with  key  letters ;  so. 
too.  can  heavy  timbers,  moveable  sections  of  forma  and  falsework, 
and  many  other  classes  of  materlala  uaed  In  conatructlon  work. 

Cooeluslon Upon    the   Ingenuity   cf   the   management    engineer 

who  devises  ways  of  recording  the  dally  output  of  work  done 
rests  the  success  or  failure  of  any  effort  to  introduce  modern 
methods  of  management  on  complicated  contract  work.  The  prob- 
lem before  him  Is  often  one  to  tax  his  ability  almost  to  the  elastic 
limit,  for  It  Is  not  sufllcient  to  d«vlse  &  method  of  measuring  dally 
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Pdlliat  aner  a  fa-shlon.  He  roust  devise  not  only  an  accurate  method 
iNit  one  tliat  permltB  of  application  at  the  bands  ol  men  com- 
pantlv^  uaskllled  mentally,  and  under  the  varying  conditions  that 
duracteiiie  field  construction  work.  Many  a  contractor  has  given 
DP  In  discust  his  attempt  to  Install  a  modem  Hysteni  ot  coat  keep- 
faiZ  and  bajB  ctaarKed  bis  failure  to  the  folly  of  "nen-fangled  no- 
tfcraa"  Such  failures  are  umiHlly  the  outccme  of  trying  to  teach  old 
dogs  new  trtckB  without  so  much  as  hiring  a  competent  teacher. 
Brentually.  It  will  be  recognlied  that  management  engineering  Is  a 
sddnce  not  to  be  picked  up  and  mastered  at  one  reading  of  any 
article  or  book,  but  that  It  requires  etudy  extending  over  a  con- 
•idatable  period  of  time. 

Cost  Keeping. — The  following  pagea  on  coat  keeping  have  been 
taken  from  "Cost  Keeping  and  Uanagement  Engineering."  by 
Gillette  and  Dana.  In  thla  brief  Bummary  here  given  It  1>  obviously 
hnpoaslble  to  give  more  than  Keneral  principles.  For  further  eluci- 
dation of  the  mbject  by  specific  examples,  the  reader  Is  referred  to 
the  boaik  from  which  this  abstract  has  been  made. 
The  two  primary  objects  ot  cost  keeping  are: 
1.  To  aiabl< 
securing  the  m 
conditions. 

I.  To  provide  data  upon  which  to  base  estimates  of  the  probable 
ooBt  of  projected  work. 

As  a  result  of  tbe  analysis  of  unit  costs,  followed  by  a  com- 
parlson  of  the  Items  with  corresponding  coat  Items  ot  Mmllar  work 
previously  done,  a  manager  may  discover: 

L     ErcesBlve  use  of  materials  In  erecting  a  given  structure. 
t.     Bice«lve   use   of   supplies   (coal,   etc.)    in    operating  a  plant, 
whetber  due  to  Ignorance,  carelessnees  or  theft. 
t.    loefflclency  of  workmen. 
t.     Inefficiency  of  foremen. 
E.     Padded  payrolla 

S.    BiceiBlve  loBS  of  time  due  to:     (a)   plant  breakdowns,   <b) 
plant  shitting,   (c)   waiting  tor  materials  or  supplies,  etc. 
7,     Improper  design  of  plant. 

Cast  keeping  also  leads  to  the  Introduction  of  piece-rate  or  bonus 
systems  of  payment,  which  may.   In  fact,  be  said  to  be  one  of  the 
ultimate  objects  ot  cost  beeping. 
Cost  keeping  secures  many   Incidental  advantages,   like   the  fol- 

l.  Fewer  "boases"  are  required  on  certain  classes  of  work,  for 
the  r^xnt  card  la  a  more  persuasive  s 


I.     One   skilled   i 
much  greater  effect Ivenea 
srstem  does  not  exist. 

i.  Systematic  analysis  of  costs  leads  Inevitably  to  a  ritudy  of 
rtasons  for  differences  In  coats,  and  this  atudy  ot  reasons  is  the  Ursl 
)t«ti  toward  InventliiK  new  machines  and  new  methods  for  reducing 
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CoN  Keeping  Defined.— For  the  purpose  of  the  dlscusalom  In 
this  book,  a  dlatlnction  must  be  drawn  between  bookkeapliiB  and 
co*t  keeplns- 

Boofciceepttt^r,  as  we  treat  It,  Is  the  process  of  recording  coin- 
merclal  tranmctlons  tor  the  purpose  of  showing  debits  and  credlta 
between  different  "accounts,"  These  "accounti^'  may  be  individuals 
or  firms,  or  they  may  be  arbitrary  accounts,  the  latter  being  an  evo- 
lution In  bookkeeping  that  came  after  IndlvlduEd  accounts  became  so 
large  or  so  complicated  as  to  be  Insufllclent  to  show  the  status  of 
the  business  and  the  protlts  derived  from  any  given  transaction. 

Coat  lEeepdiD,  as  we  treat  It,  Is  the  process  of  recording  the  nuin* 
ber  of  units  of  work  and  the  number  of  units  of  materials  entering 
Into  the  production  of  any  given  structure,  or  Into  the  perform- 
ance ot  any  given  operation.  To  these  units  at  work  or  materials, 
actual  or  arbitrary  wages  or  prices  may  or  may  not  be  assigned. 
The  object  of  cost  keeping  la  primarily  to  show  the  elBclency  of  per- 
formance: hence  actual  money  disbursements  need  not  be  recorded, 
as  In  bookkeeping.  This  distinction  Is  vital,  and  will  be  discussed  at 
greater  length. 

Differences  Between  Cast  Keeping  and  Bookkeeping, — Bookkeep- 
ing was  first  devised  and  subsequently  developed  by  merchants. 
Cost  keeping  was  devised  and  developed  by  engineers.  The  mer- 
chant Is  a  student  ot  proflta ;  the  engineer  is  a  student  of  costa 
Although  proflta  depend  upon  cOBts,  there  la  a  vaat  difference  In  the 
point  of  view  of  the  merchant  and  the  engineer. 

In  the  study  of  costa  as  we  have  previously  pointed  out,  the  aim 
of  the  engineer  Is  to  reduce  all  costs  to  a  unit  basis,  selecting  such 
units  as  most  closely  conform  to  the  theoretical  unit  of  work — the 
foot-pound.  This  study  often  neceaaitates  the  uae  of  several  differ- 
ent unlta  for  the  same  class  of  work.  It  necessitates  the  recording 
ot  conditions,  tuid  the  making  of  measurements — all  of  which  Is 
more  or  less  foreign  to  the  fundamental  Idea  of  bookkeeping.  Tet, 
In  groping  toward  methods  of  coat  keeping.  It  has  becimie  the  prac- 
tice of  most  contractors,  manufacturers,  railway  companies;  etc. 
to  endeavor  to  develop  a  coat  keeping  system  In  the  bookkeeping 
department.  Hence  we  have  to-day  systems  of  bookkeeping  that  are 
wonderfully  complex,  and,  withal,  show  very  little  that  they  attempt 
to  show  as  to  unit  costs 

Take,  for  example,  the  accounting  department  of  an  American 
railway.  Here  we  find  skilled  accountants  loaded  up  Wllb  a  mass 
of  work  called  for  In  distributing  the  coata  to  different  accounts 
Calculating  machlnea  that  carry  the  cost  of  railway  spikes  out  to 
the  third  decimal  plnce  are  racking  away  from  morning  to  night  A 
prodigious  amount  of  flgurlng  Is  done  so  that  acorea  of  dtatritiu- 
tlons  may  be  made,  without  the  error  of  a  cent  in  the  iMJanclns 
of  accounta  Tet.  with  It  all.  what  do  these  railway  accounts  show 
as  to  unit  costs?  Next  to  nothing  worthy  of  the  name  ot  coat 
keeping.  The  authors  have  In  their  possession  a  mass  of  railway 
accounting  records ;  some  of  It  ot  great  value,  but  moat  of  It 
valuable  only  to  show  bookkeeping  gone  mad.  The  accounting  de- 
partment of  the  average  railway  bas  no  true  record  of  unit  costs. 
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Tbe  aventge  railway  enitlneertiiK  department  IH  even  worse  off,  as 
*l>0«ii  by  the  lidlculouB  estimates  often  submitted.  AFter  s  struc- 
ture u  tiiillt.  tbe  auditor  of  the  railway  Caices  the  superlatendent 
«r  construction  to  account  tor  taaTlng  eiceodad  the  engineer's  estl- 
male.  Tha  engineer  Is  put  on  the  rack  and  calls  the  auperlntend- 
™t  inefflcleot — whtcb  Is  usuallj'  true.  Tbe  superintendent  retorts, 
In  Ms  letter  to  the  accounting  department  that  the  engineer  floes  not 
know  how  to  estimate  correctly — which,  also,  la  usually  true.  Fljfures, 
"cures,  fleureB,  but  not  a  single  unit  cost  f  This  Is  typlcnl  of  rail- 
way aecountlne  coste  to-day.  We  emphasize  11  because  It  Is  also 
typical  of  the  accounting  departments  of  many  contracting  Arms. 
-^nd  we  emphasize  It  again  because  It  Uluslratea  so  well  our  con' 
teotlon  that  boolckeeplng  and  cost  keeping  must  be  divorced  If  there 
Is  to  be  a  simple,  etTertivQ  system  of  ascertaining  the  emdency  of 
workmen,  and  iiennit  of  such  study  of  their  performance  as  will 
tesDlt  In  greater  efficiency. 

We  Bhall  now  give  In  concise  form  some  of  the  various  reasons 
*li7  cost  keeping  records  should  be  kept  entirely  distinct  from 
t>oaklleeplag  records 

I.  Since  the  primary  object  of  booklceeping  Is  to  Show  debits  and 
credits,  all  accounts  must  t>e  summarlcad  In  one  book-'Ihe  ledger. 
Since  the  primary  object  of  cott  keeping  Is  to  reduce  costs,  no 
book  corresponding  to  a  ledger  Is  needed.  Indeed  It  Is  nlten  de- 
etrable  to  have  cost  Records  of  different  classes  of  work  kept  In 
different  books.  In  different  ways,  by  different  men.  In  order  to 
localise  responsibility  as  well  as  to  apply  different  units  as  stand- 
Mfls  of  comparison. 

1.  Cas(  keeping  should  partake  of  tbe  nature  of  dally  reports 
f>y  which  a  superintendent  can  gage  the  dally  performance,  and 
discover  Inefficiency  at  once.  Bookkeeping  accounts  may  not  be,  and 
OBually  are  not,  posted  promptly  or  completely  until  some  time  sub- 
sequent to  any  performance. 

t.  Bookkteplng  records  must  balance  to  a  penny.  Coat  keeping 
records  need  not  b«  kept  with  mathematical  precision,  except  In 
so  far  as  bonas  payments  to  workmen  are  Involved,  Tbe  object  of 
cost  keeping  Is  to  show  efflclencT.  and  this  may  usually  be  shown 
by  approximations  fully  as  well  as  by  hair  splitting  exaetnesB. 
Hence  cost  keeping  records  may  be  devised  that  will  require  Car 
leas  clartcal  work  than  Is  necessary  when  mathematically  accurate 
iKMrfckeeplng  is  used. 

i.  Bnokkeeping  Is  a  clerical  function  :  coat  keeping  Is  an  engi- 
neering function.  It  Is  a  rule  of  successful  management  not  to  ask 
one  man  to  exercise  many  functions,  particularly  when  they  are 
dlrarae  In  nature.  An  engineer  Is  not  interested  In  recording 
debits  and  credits^  or  In  tbe  rendering  of  bills — functions  of  the 
bookkeeper.  On  the  contrary,  a  bookkeeper  knows  nothing  about 
construction  methods  and  not  only  has  little  Interest  In 
conBtmctlon  costs,  but  lacks  the  necessary  engineering  training  to 
Interpret  cost  records  and  to  derlte  methods  of  reducing  costa 
f.  A  contractor  who  has  on  effective  and  simple  system  of 
g  naturally  objects  to  a  Change  to  a  more  complex  sys- 
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tern,  mjch  aa  Is  necesBarf  nhen  cost  keeping  Is  added  to  the  book- 
keeper's duties. 

E,  When  cost  keeping  Is  bSKun,  It  Is  well  to  start  In  a.  small 
war,  taklDK  some  particular  kind  of  work,  nice  teamtnK.  and  apply- 
ing a  system  of  daily  reports.  When  this  phase  of  the  work  has 
t>een  analysed  and  orBanlzed.  some  other  feature  Is  taken  np.  and 
so  on,  thus  developing  a  cost  keeping  system  gradually.  Realet- 
ance  to  change  IB  bound  to  be  encountered,  and  the  way  to  overcoma 
It  Is  In  this  manner,  a  Utile  at  a  time.  Bookkeeping  cannot  be 
changed  a  little  at  a  time.  A  new  system  of  bookk^fplng  moans 
an  entire  revision  all  at  once,  for  accounte  are  Interdependent. 

7.  Cost  keeping  records  shouUl  state  conditions,  such  as  weather, 
distance  of  haul.  etc..  which  are  essential  to  Interpretation  of  results- 
Sketches  showing  design  of  structures  should  form  part  of  per- 
manent cost  rccorda  Such  things  are  entirely  foreign  to  book- 
keeping, and.  If  placed  upon  bookkeeping  records,  simply  serve  to 
confuse  them. 

8.  The  bookkeeper  enters  bUla  for  materials  as  they  are  re- 
ceived, crediting  the  firm  that  furnishes  them.  A  barrel  of  spikes 
may  be  followed  by  a  dozen  picks  on  the  bill.  It  Is  not  the  book- 
keeper's function  to  trace  the  spikes  to  their  place  In  the  work, 
and,  when  the  work  Ib  nnlshed.  to  ascertain  the  total  number  of 
barrels  nf  BplkcB  used  In  a  particular  structure.  That  Is  the  func- 
tion of  Ihe  cost  keeper  on  the  ground,  Thei  bookkeeper  must  show 
(hal  John  Smith  Co.  has  been  credited  with  the  splkea  The  cost 
keeper,  on  the  other  hand,  cares  nothing  as  to  the  particular  firm 
credited.  He  la  concerned  only  with  the  quantity  of  spikes  and  the 
use  to  which  they  have  been  put.  It  Is  hopelessly  confusing  to  try 
to  show  In  one  set  of  records  both  credits,  and  unit  cosia 

B.  In  studying  cost  records  to  ascertain  elllclency.  It  Is  often  nec- 
esaary  to  have  several  different  units  as  standards  On  reinforced 
concrete  work,  for  example,  the  primary  unit  Is  the  cubic  yard,  but 
there  should  be  at  least  three  other  units,  namely,  the  pound  of 
steel  (for  comparing  costs  of  handling  and  placing  the  steel  rein- 
forcement), the  thousand  feet  B.  If.  (for  comparing  costs  of  forma), 
and  the  square  foot  of  exposed  surface  (not  only  for  comparing 
coats  of  form  work  but  costs  of  surface  dressing).  COM  records 
must  be  sufflolently  detailed  for  these  purposes.  If  not  In  every  case, 
at  least  In  some  cases  of  concrete  work.  Bookkeeping  records  be- 
come hopeless  at  interpretation  unless  they  are  uniform,  and,  to  be 
uniform,  they  must  have  few  units  of  comparison.  In  brief,  book- 
keeping Is  not  ttexlble.  To  generallxe  further,  cost  keeping  costs 
must  be  dlvloed  by  units  of  work  done,  so  as  to  secure  unit  cost* 
for  comparison,  which  Is  a  process  foreign  to  bookkeeping. 

10.  Since  cost  keeping  has  as  Its  primary  object  the  reduction 
of  costs,  since  comparison  of  results  secured  by  different  men  or 
different  machines  or  different  methods  are  necessary,  It  follows 
that  standard  wages  and  standard  prices  of  materials  must  be  used. 
It  may  happen  that  on  one  Job  the  cement  may  be  purchased  at 
different  times  at  prices  ranging  from  (1.20  to  fl.Ell  per  barrel, 
and  that  common  laborers  may  receive  from  tl-tO  to  tl.ti  a  day 
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t  costs  a  standard  price  ol  cement  should  be  as- 
aimed,  as  »1.30  per  barrel,  and  a  common  labor  staniiard  waxo,  ai 
11.50  per  day  Then  compariiwns  bacome  poiwlbia  A  bookkeeper 
camiot  assume  any  rate  of  vram  or  any  price ;  ha  must  give  the 
utoal  wage  or  price.  A  cost  keeper  uHuaily  nndB  It  desirable  to 
use  standard  'wagree  or  prices  which  approximate  the  average,  or 
■ctoally  are  the  average. 

Time  Keeping  Defined. — Time  ki>ep!ng.  In  Its  old  fashioned  sense. 
Is  a  t^irt  oT  the  bookkceplne  ayatem.  and  the  timekeeper  Is  cliarged 
with  the  task  of  ascertalnlnB  what  time  each  man  has  worked 
duriDK  the  day,  week  or  month,  according  to  the  arrangement  under 
which  he  is  employed,  and  what  amount  of  money  Is  due  him 
on  pay-day.  The  timekeeper  was  not  concerned  with  how  much 
work  a  man  did  or  on  what  process  Ills  time  was  spent,  so  long 
■a  the  general  distribution  of  the  work  was  obtained.  Or  late  years 
the  timekeeper's  distributions  have  become  much  more  elaborate 
and  mm  ha  Is  often  charged  with  considerable  cost  keeping  re- 
•ponalblllty.  When  he  does  cost  keeping  work,  the  records  should 
ordinarily  be  kept  on  separate  blanks  from  the  time  keeping. 

If  a  timekeeper,  unaided,  attempts  to  distribute  the  lalmr  accord- 
ing to  the  work  done,  his  records  become  complex  and  are  rarely 
relliible.  for.  due  to  his  going  from  place  to  place,  he  must  rely 
ODon  what  others  (like  foremen)  tell  him  as  to  the  performance  of 
■Ufterent  men.  In  his  attempt  to  balance  the  statemenla  made  to 
him  with  the  total  time,  he  usually  "fudges"  his  distributed  recorda 
Dally  Coat  Reports,  By  Whom  Made — Dally  cOEt  reports  may 
be  made  by:  (a)  Individual  workmen,  (b)  foremen,  or  (c)  time- 
keepers, or  by  all  three  of  these  classes  of  employea 

Individual  workmen  are  not  always  competent  to  fill  out  reports 
properly,  but.  If  the  report  la  almple  In  form  and  relates  to  work 
done  by  "akllled  workmen."  It  is  usually  possible  to  get  very  satis- 
factory remits.  Certainly  the  Individual  report  Is  to  be  encour- 
aged wherever  It  can  be  applied,  for  It  heightens  the  Individual's 
Interest  In  his  work. 

On  fleld  contract  work  the  foreman  la  the  man  usually  required 
to  make  Iha  dally  reports.  His  constant  presence  on  the  work 
enables  him  to  make  a,  more  accurate  report  than  a  timekeeper  can 
make.  If  the  timekeeper  Is  required  to  cover  considerable  territory, 
as  Is  usually  the  case. 

In  addition  to  his  duty  In  keeping  the  time  of  the  men  for  pur- 
toss*  of  [aytng  them  properly,  the  timekeeper  Is  often  able  to  attend 
to  Blllng  out  Che  dally  cost  reporta  or  one  or  more  special  time- 
keepers may  be  appointed  for  the  special  purpose  of  rendering  dally 
cost  rworta  If  the  timekeeper  Is  not  able  to  be  present  constantly 
where  a  ^ag  is  at  work.  It  Is  often  wise  to  prepare  certain  blanks 
upon  which  be  receives  reports  from  the  foreman  of  the  gang,  and, 
1  reports  and  reports  of  Indlvlduala  comblncJ  with 
nd  measurements,  the  timekeeper  is  able  to 
Oil  out  the  complole  report 
No  hard  and  fast  rule  can  be  laid  down  as  to  the  best  persons 
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Written  Card  Vi.  Punch  Card  Bcporti — Dally  cost  reports  are 
beat  made  on  forms  or  blanks,  and  these  forms  are  preferably  carda 
In  which  the  blank  8i>ace>  are  marked  either  In  writing  or  by  punch- 
ing holes  with  a  conductor's  punch.  The  written  card  possesses  Uie 
following  advantaees  over  the  punch  card ; 

1.  It  Is  more  flexible,  because  the  punch  card  Is  limited  In  the 
■cope  of  the  record  to  what  has  been  foreseen  In  the  office  plua 
what  can  be  written  In  a.  small  space  reserved  for  remarks.  The 
pad  and  pencil  are  not  so  limited. 

2.  A  man  can  usually  bo  ahead  fllllns  out  blanks  In  a  written 
card  without  any  previous  directions;  while  he  has  to  have  some 
Instruction  In  the  use  of  the  punch. 

3.  Bmsures  are  possible  with  pencil  and  pad  but  not  with  a 
punch  cord.     This  Is  not  always  en  advantage  on  the  side  of  the 

The  punch  card  possesses  the  following  advantages  over  the  wrlt- 

1.  By  folding  the  card,  or  by  superimposing  one  card  on  an- 
other, a  duplicate  record  Is  secured  without  the  use  of  the  carbon 
paper  necessary  to  secure  dupllcatps  with  written  cards.  This  dupli- 
cate record  cannot  be  altered  or  erased,  and  one  copy  may  be  kept 
by  the  superintendent  for  his  record  In  discussing  the  work  with 
the  home  offlce.   the  other  being  sent  In  as  a  repular  report  to  the 

2.  A  dirty  thumb  can  greatly  Interfere  with  the  legibility  of  a 
written  record.  Moreover  (he  average  foreman  or  time  keeper  does 
not  write  a  particularly  clear  hand.  Punch  card  records  are  abso- 
lutely clear  and  legible. 

3.  It  Is  sometimes  expedient  to  have  records  from  two  or  more 
men  on  tho  same  card.  By  having  no  two  punches  alike  on  the  Job 
and  having  each  man's  punch  charged  to  his  name  on  (he  records  It 
Is  possible  to  have  a  clear  and  complete  reiwrd  of  who  made  the 
record  without  wasting  time  and  space  (or  signatures. 

4.  The  hole  made  by  the  punch  is  usually  less  than  one-eighth  of 
an  Inch  In  diameter,  and  consequently  a  much  larger  number  ot 
facts  can  he  recorded  upon  a  small  card  by  the  punch  than  by  writ- 
ing, the  number  ot  groups  of  facts,  however,  being  somewhat 
limited. 

6.  To  punch  a  hole  In  a  card  takes  much  less  time  than  to  make 
the  average  pencil  record,  especially  where  dupllrnle  records  are 
made.  Where  a  time  keeper  has  to  keep  track  of  a  large  number 
of  men  this  Is  a  very  valuable  feature. 

5.  A  hole  can  be  accurately  punched  while  riding  on  a  hand-car. 
wa«on  or  locomotive,  when  the  vibration  would  greatly  distort  a 
man's  handwriting. 

T.  Punch  cards  can  be  made  on  blue  print  paper  from  a.  tracing, 
which  Is  an  advantage  where  a  mimeograph  fa  not  available  tor 
making  white  cards  to  be  filled  In  with  pencil. 
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Tlma  Card*  that  Show  cnanges  of  Occupatfon. — In  field  c 
worfc  there  Is  usually  more  or  lesa  chaDge  of  occupation  oooatanUy 
occDrrlnK.  A  esJig  o(  workmen  may  be  ensaged  In  BradiiiB  lor  a 
•Idle  and  tlien  may  be  shifted  to  trKck  laying ;  or  at  least  Bomo 
indlvlduai  Id  the  sans  may  be  thus  ahllted  Irom  one  cteaa  of  work 
Id  anotlier.  Hence  It  la  usually  desirable  to  beve  dally  report  cords 
uranKed  ao  as  to  record  the  exact  amount  at  time  spent  by  each 
Individual  on  each  class  of  work.  This  may  be  accompllstied  In 
either  one  oC  two  ways :  First,  by  having  a  separate  card  for  each 
workman  :  or.  second,  by  having  a  gang  card  on  which  each  work- 
man's natn«  or  number  appears,  and  K>  arranged  that  his  time  may 
be  placed  opposite  or  under  the  tabulated  class  of  work  that  he  has 
performed. 

The  IntUvldual  card  (a  card  for  each  workman)  Is  often  pref- 
erattle  when  the  bODUs  system,  or  Its  equivalent.  Is  employed  On 
tnoet  contract  work,  however,  the  bonus  syHtem  Is  not  yet  In  opera- 
tkm.  and  gang  cards,  Dlled  In  by  the  foreman,  will  serve  the  pur- 
pose of  aiiowlng  the  total  performance  of  the  gans  and  the  times 
9ait  by  the  various  Individuals  on  different  work.  There  are 
several  ways  of  recording;  the  individual  times  spent  by  men  work- 
ing In  a  SBiig,  among  which  the  following  are  typical. 

Bach  employee  Is  given  a  number,  and  the  numbers  are  arranged 
to  a  borlsontsl  line  across  the  top  of  a  time  sheet  as  shown  In  Fig. 
t.  The  diflerent  classes  of  work  are  printed  fn  a  column  at  the 
l^t.  one  line  being  assigned  to  each  aubclass.  If  team  No  1  works 
from  T  to  9  a.  m.  plowing,  the  record  Is  made  by  the  foreman,  who 
writes  T-»  opposite  "Plowing"  and  under  No.  1 ;  since  this  is  3  hours' 
work,  the  SKure  2  Is  subsequently  written  directly  below  the  7-9, 
It  team  No-  1  is  then  transferred  to  work  connected  with  roUlns 
•ubgrade.  and  la  thus  engaged  from  9  to  II  a.  m.,  this  fact  Is  Indi- 
cated, as  shown,  by  writing  9-11  under  No.  1  and  opposite  "Rolling 
Snbgrade." 

Another  method  Involves  the  use  of  "key  lelters"  to  Indicate  each 
class  of  work,  the  proper  key  letter  being  placed  opposite  the  em- 
ployee's name  and  under  the  nearest  halt  hour  when  he  began  doing 
(be  class  of  work  represented  by  the  key  letter.  Fig,  6  shows  that 
«nployea  No.  I,  whose  name  Is  Smith,  began  work  at  7  a.  m..  the 
key  letter  A  being  under  T,  and  that  he  was  engaged  In  excavation, 
■mce  A  Is  the  "key"  for  excavation.  He  continued  on  excavation 
nntU  10:20  a-  m..  when  he  began  backfilling,  as  shown  by  the  key 
letter  C  entered  under  10  and  In  the  lower  square.  The  upper 
squares  Indicate  the  even  hour,  and  the  lower  squares  Indicate  the 
halt  hour.  At  3  p.  m.  be  was  transferred  to  concrete  work,  as  shown 
by  Ihe  key  letter  F  under  3.  where  It  will  be  seen  that  Che  number 
of  hours  worked  by  each  man  on  each  class  of  work  Is  recorded 
under  a  column  headed  with  a  combination  of  key  letters  that  Indi- 
cate the  class  ot  work. 

Wherever  men  are  being  frequently  shifted  from  one  class  of 
work  to  another,  some  method  ot  recording  the  time  ot  shifting,  at 
least  to  the  nearest  half  hour,  should  be  used,  as  outlined  In  the 
dUferent  ways  above  given.    It  a  foreman  does  not  make  an  Imme- 
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t  Ills  memory  t 


FlB.    4.     Time   Sheet. 

mistakes.  Moreover.  It  Is  not  utiUBual  for  a  foreman  to  "tudKe"  Ilia 
reports  thus  made,  and  evin  ( >  lalfllfy  them  grossly,  lor  the  pur- 
pose of  showing  a  seemingly  higli  etilclency  ot  liie  men  on  certain 
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cloaaea  of  work :  but.  If  a.  blank  muat  be  niled  In  durlnft  the  proe- 
resa  of  the  work,  and  not  at  night,  a  foreman  risks  discovery  of 
any  attempted  deceit,  since  his  record  card  may  be  examined  at  an 
unexpected  time  of  the  day. 

Gane  Report  Cards.— These  are  usually  made  by  the  foreman  In 
choTBe  o(  the  Eang.  If  the  gang  la  always  engaged  on  the  kudo 
class  of  work.  It  la  not  necessary  (or  the  foreman  to  Veep  a  time 
record  of  each  man's  occupation.  In  the  manner  lust  described;  for 
tho  foreman  can  All  In  the  dally  report  card  from  memory.  In 
this  case  the  Umekeeper  records  each  workman's  name  and 
hours  of  work,  while  the  foreman  concerns  himself  only  with  report- 
ing the  total  number  of  men  engaged  on  each  class  of  work  and 
their  day's  performance. 

A  gang  report  card  should  usually  ^ow  most  of  the  following 
things; 

1.  Number  of  contract. 

2.  Ijocatlon  of  the  Job. 

3.  Character  of  the  lob. 

4.  Date  of  the  report. 
E.     Kind  of  weather. 

8,  Name  of  the  foreman. 

7.     Clasalflcation  of  work,  or  "key  letters." 

5.  Total  hours  lBt»or  under  each  claia. 

9.  Rates  per  hour. 

II.  Number  of  units  of  each  class  of  work  done. 

IS.  Units  of  material  and  supplies  used. 

13.  Units  of  materials  received. 

II.  Units   of  material   In   stock. 

15.  Delays,  time  and  cause. 

IB.  Time  machines  are  actually  worklne. 

IT.  Kind  of  machine  or  tool  used  and  Us  condition. 

Obviously  there  are  many  classes  of  work  that  do  not  require  a 
dally  statement  containing  all  these  IT  facts:  but  In  preparing  a 
dally  report  card  It  Is  desirable  to  have  this  list  at  hand,  to  make 

The  space  reeeri.'ed  for  "Remarks"  Is  usually  so  small  that  It  Is 
rarely  used.  Special  conditions  that  would  naturally  be  recorded 
under  "Remarks"  liad  better  be  recorded  In  a  loose  leaf  diary  kept 
by  the  foreman,  of  which  more  will  be  said  later. 

In  designing  a  gang  report  card,  the  most  difficult  feature  Is  the 
classification.  This,  however,  Is  greatly  slmpllBed  If  done  accord- 
ing to  the  following  system: 

I.  Select  for  the  general  class  heads  the  Items  upon  which  the 
unit  contract  prices  are  based,  such  aa  excavation  (cu.  yds.),  ma- 
cadam (sq.  yda),  curb  <lln.  (t.). 

S.  Divide  each  of  these  pay  Items  Into  the  operations  Involved. 
Thus  excavation  Involves  (a>  loosening,  (b>  loading,  (c>  trans- 
porting, and  (d)  dumping. 

t,     IMvldo  Bach  operation  Into  as  many  subheadings  as  there  lira 


COST  KEEPING. 


ESxcavatlon — 

Ijooaealns :      Uen  holding  plow. 

Teams  plowlns, 
LoadluK :     Uen  ahovellDK- 
TTanapoTtlng :     Teams. 
I>uinpiiig :     Irlsn. 
The  next  ttalncr  to  conalder  la  whether  the  men  are  of  the  lam* 
id«»fc  recelvlns  the  same  ratan  of  wasea:   for,  if  they  are  not.  there 
»ii«t  be  a.  further  BulxilvlBlon.     For  enample,  on  cement  ctirb  coo- 
■tnicUOD,  the  claaHlllcatlcm  would  be  &■  follows: 
Curb — 

Trenching :      lAborera 
Pla^tnK  ctnderjs:     Iishorers. 
IClslng-  and  placing:     I^kborers. 
Betting  forniB;      Skilled  laborera. 
Flulehing;      Skilled  flnlBli«ra. 
Uelpera. 
Ttiere  are  many  kinds  of  Kiy  Item^  Bueh  as  macadam,  that  often 
Involve   procesHes   that    are   performed   at   widely   separated   placea 
Ihu^    quarrying    and    crushing    are    proceBsea    far    removed    from 
•preadlnK,   rolling  and  sprinkling  the  macadam.      Whenever  this  Is 
tba  caae;  It  la  usually  unwise  to  attempt  to  show  all  the  processee 
«i  one  report  card,      A  good  general  rule  to  follow  is  to  ktoud  to- 
gether  on    the    some   report    card    □nlr   (hose 
directly  and  (Constantly  under  the  eye  of  one 
ono  roMrt  card  should  show  the  quarrying  and  crushing,  another 
■tionld  ahow  the  grading  of  the  road ;    and  possibly  the  spreading, 
tolling  and  sprinkling  of  the  macadam  should  also  be  placed  upon 
the  nine  card  with  the  grading,  but  not  unless  the  grading  gang 
*  to  be   always   a   very   short   distance   in   advance   of   the   ma- 


Tha  commonest  mistake  in  designing  report  blanks  is  to  endeavor 
lo  reduce  the  number  of  the  blanks.  It  is  far  better  to  have  more 
l>laiiks  and  to  distribute  the  work  of  reporting,  for  It  not  only  alm- 
pUOea  the  blanks,  but,  by  giving  each  foreman  less  to  report,  greater 
■ttnracy  Is  secured.  In  fact,  there  are  many  operations  that  can 
*«st  be  reported  by  the  workmen  themselves.  Thus,  to  continue  the 
niustra.tlon  of  the  macadam  road  work,  each  of  the  teamsters  haul- 
bg  broken  stone  should  carry  an  Individual  report  card  which  la 
pouched  or  marked  by  workmen  at  each  end  of  the  trip. 

We  have  sold  that  the  pay  items  should  bo  analysed  according 
1<>  Ihe  operation  Involved,  but  care  must  be  taken  not  to  select 
dVeradons  upon  which  men  are  engaged  for  but  a  few  moments  con- 
UoQously.  To  Illustrate:  In  mixing  concrete  by  hand,  there  are 
DMiallr  the  following  operations;     (a)   loading  wheel tiarrows,    (b> 
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wheelinK,  (c>  mixing,  (i1)  loading,  (e)  transporting,  (f)  spreadlns 
and  ramming.  Some  gsnge  are  bo  organized  that  a  fen  men  are 
kept  constantly  busy  loaulng  wheel  bar  row  a  with  aand  and  stone, 
white  the  rest  of  the  gang  spendfl  a  [ew  mlnutea  wheeling,  a  [ew 
more  mixing,  and  so  on.  Clearly  It  would  bu  foollah  to  subdivide 
the  operations  on  the  report  cards  where  the  organliatlon  la  of  this 
character,  (or  most  of  the  men  are  changing  their  operations  ao 
frequently  that  a  foreman  would  have  time  left  (or  doing  nothing 
but  to  record  ihelr  changes. 

Wo  see  that  the  designer  of  a  report  blank  should  know  ap- 
proximately what  the  organization  of  the  gnng  and  what  the 
methods  of  operation  are  to  be,  before  he  can  design  a  report  blank 
that  win  ba  concise,  and  complete,  but  with  no  superfluous  headings. 
Since  there  are  almost  Innumeiabls  methods  of  doing  work.  It  is 
obviously  Impossible  to  furnish  a  set  of  printed  report  cards  that 
will  exactly  serve  all  cases,  unless  the  claaalficntlon  headings  used 
are  very  general.  However,  the  designing  of  a  report  card  la  a 
comparatively  simple  matter  once  the  organization  and  methods  of 
doing  the  work  are  known,   provided  the  foregoing  syston:!  la  useJ. 

A  tentative  report  blank  con  be  deaigned  either  by  using  some 
oxlBtlng  report  card  for  aimilar  work  aa  a  gul<ie,  or  by  referring 
to  some  book  that  gives.  In  detail,  the  costs  of  construction  work 
similar  to  that  Cor  whieh  the  report  lilank  Is  intended.  From 
the  items  of  cost  given  in  published  records,  a  elasHlIiaition  can  be 
prepared  that  will  be  of  decided  help  In  planning  the  report  card. 

In  order  to  economize  space  on  a  report  blank,  It  la  not  alway» 
necessary  to  print  the  classes  or  subclaasea  In  full.  Ahhrevlatlons 
and  key  letters  may  be  used.  Someiimea  the  mere  recording  of 
the  rote  of  wages  opposite  a  claaa  will  show  the  subelasa  Tliua. 
under  the  class  ot  "Forma"  (building  wooden  forms  for  concrete) 
if  a  wage  o(  SO  eta.  per  hour  appears,  also  a  wage  of  3j  eta  per 
hour.  It  win  be  understood  that  the  latter  refers  to  the  carpenter, 
while  the  former  refera  to  the  carpenter's  helper. 

Having  decided  upon  the  cla  sal  flea  tlon  of  operationa  and  em- 
ployes, the  next  thing  to  determine  [a  the  character  of  the  perform- 
ance report  which  is  usually  to  be  recorded  on  the  tame  card. 

We  have  dlacuaaed  the  difllcultlea  of  reporting  dally  performance, 
and  have  Indicated  waya  of  overcoming  the  dimcultlca.  It  la  evi- 
dent that  a  foreman  or  timekeeper  ahould  not  be  expected  to  report 
the  number  o(  units  of  each  class  of  work  performed  If  any  con- 
alderablB  amount  of  dltflcult  measurement  is  involved.  Hence,  It  it 
usually  (utile  to  provide  for  a  daily  report  of  the  number  of  cubic 
yards  of  earth  excavated.  On  the  other  hand,  the  number  of 
wagon  loads,  or  car  loads,  may  usually  be  reported,  and  (ha  blank 
used  tor  excavation  should  uaualiy  provide  for  such  e.  report. 

If  Borae  of  the  excavated  material  is  shoveled  directly  Into  the 
embankment  or  hauled  by  scrapers,  while  some  la  hauled  by 
wagons.  It  will  be  (utile  to  provide  for  a  dally  report  of  loads 
hauled.  In  such  cases.  It  Is  often  advisable  to  report  merely  ths 
number  o(  lineal  feet  of  work  done  daily.  Thua,  in  road  wort 
where    the    excavation    Is    shallow    and    moatly    (rom    ditches,    th* 
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niKtrt  rtioold  atMW  the  atation  and  plus  up  to  which  the  gnuUng 
ta  completed  at  the  end  of  the  day.  It  1b  then  the  (unction  at  the 
ofllce  force  to  determine  the  yardaee  from  the  otBce  records. 

The  &niouiit  of  concrete  and  cement  work  of  all  klnda  can 
be  reported  with  considerable  accuracy  by  stating  the  number  oC 
lag*  of  cement  used  during  the  day. 

The  amount  of  supplies,  like  coal,  uied  each  day,  can  usually 
be  reported  If  Hcne  syEtem  Is  devised  for  recording  congumptlon 
OC  for  readily  Inventorying  the  itock  on  band  each  night  It  ta 
geserally  wise  to  require  coal  to  be  measured  In  boxes  or  in 
arbedbsFTows  of  uniform  slae,  uniformly  nlled.  Then  each  Ore- 
man  reports  the  number  of  cubic  feet  (or  boies)  o(  coal  used 
during  the  day. 

Eniiity  dynamite  boxes  are  often  convenient  for  purposes  of 
oteasurement,  as  they  hold  eiactly  %  cu.  ft  each. 

■ndWIifual  Record  Cardi.— Wherever  Individual  workmen  are 
paid  by  the  bonus  or  price  rate  systems,  It  la  usually  best  to  pro- 
Tide  a  eeparate  record  card  for  each  workman,  for  It  Is  dlfflcult 
to  make  a  compact  record  on  one  card  that  will  stiow  not  only  the 
OccupatlonB  ot  a  number  of  men,  but  the  performance  of  each 
man.  This  Is  particularly  true  where  tlie  men  are  repeatedly 
shifted  from  one  class  of  work  to  another. 

Where  one  man  operates  a  machine,  like  a  rock  drill.  It  Is 
usually  wise  to  provide  him  with  bis  own  Individual  record  card, 
upon  which  he  Is  required  to  record  his  day's  performance.  A 
modlflcatlon  of  this  plan  ia  to  let  the  foreman  carry  the  Individual 
records  of  all  the  men.  and  fill  In  each  card  hlmsall. 

The  englnAnan  on  a  dinky  locomotive  should  be  required  to 
make  and  All  In  a  dally  report,  showing  the  number  of  train 
loads  hauled,  time  lost,  etc. 

A  teamster  should  usually  be  required  to  carry  a  card  whereon 
are  recorded  the  times  of  arrival  or  departure  at  each  end  of  each 
trip. 

A  ■team  roller  engineman  should  be  required  to  Oil  In  a  card 
report  showing  number  of  lineal  feet  of  road  rolled,  and  the  num- 
ber ot  miles  traveled  by  the  roller.  The  latter  should  be  recorded 
by  an  odometer. 

Kind  of  Punches  lo  Use. — If  punch  card  reports  are  to  be  used, 
an  ordinary  conductor's  punch  will  serve  (or  small  cards;  but  U  ts 
Ksoerally  desIraJile  to  have  targe  cards,  which  necessitates  the  UM 
<tt  a  q>ecial  punch  having  a  2-ln.  reach.  Such  special  punches 
are  made  by  L.  A.  Sayre  ft  Co.,  o(  Newark,  N.  J.,  and  by  Other 
railroad  supply  concerns. 

Size  and  Kind  of  Daily  Report  Cards.— It  Is  usually  desirable  to 
have  report  cards  of  a  size  that  will  he  Bultable  (or  filing  In  the 
Kandard  card  Index  lllea  A  size  that  will  tie  found  satisfactory 
lor  eenen!  uae  !■  S  x  7  %  Ina 

If  reports  are  to  be  written  and  made  out  In  duplicate,  the 
raport  cordB  should  be  nude  up  in  pads  of  alternate  thin  and  thick 
aiit,  so  that  a  ca.rt>OD  p^)er  may  be  Inserted  between  a  thin  card 
iDd  a  thick  one. 
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It  Is  Kenemlly  wise  to  have  the  cards  tinted  one  color  for  the 
original  and  another  color  for  the  duplicate.  It  la  also  a  ^ood 
plan  to  designate  the  kind  ot  report  card  by  a  key  letter,  or  com- 
bination oC  Ictlers.  which  may  be  stamped  !n  red  In  one  corner 
of  the  card.  Thus  the  letter  T  may  be  used  to  designate  the  dally 
report  card  of  teamsters.  Instead  of  using  mnemonic  key  letters, 
■ome  contractors  prefer  to  use  different  tints  for  different  clasaea 
of  report  carda 

This  works  well  when  there  are  only  a  few  classes,  but  become* 
confusing  when  there  are  many,  and  la  worthless  as  a  means  of 
dlstlngulshlnK    cards    at    a    stance    when    there    are    very    many 

Where  a  great  deal  of  Information  must  be  crowded  on  one  card, 
It    U   often    desirable    lo    provide    tor   writing    the    report    on    both 


Fig.   t.     Punch  Card  For  Teama 

rd.    This  is  objectionable,  however,  because  It  makaa 
3  to  produce  a  duplicate  by  the  use  of  carbon  paper, 
examine  such  a  card  after  It  !•  placed 
In  a  Bllng  case. 

Foreman's  Diary. — The  foreman  or  the  superintendent  should 
nsually  be  required  to  keep  a  dally  diary  In  which  Should  ba 
antered: 

1.    Verbal  orders  received  from  engineers  and  ownera 
t.    Verbal  requests  made  to  the  engineers  for  grade  stakes,  etc. 
S.    Weather  conditions. 

t.  Remarks  as  to  hardness  of  digging,  poor  quality  of  materials 
and  supplies,  slowness  of  their  delivery,  general  Inefficiency  of  the 
men   available,    and    such    other   conditions    as   bear    upon    the    eco- 
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nomk  partoTmance  of  tba  work  but  can  not  be  du>ini  In  the  dally 

Tbe  ordinary  tleld  toremAa  will  not  keep  a  diary  of  much  value 
mleai  lla  paxes  are  Inspected  doily.  This  requires  that  It  >baU  be  a 
topUcate  loose  leaf  diary,  the  orlBlnal  leaf  being  sent  to  the  otQce 
■Uh  the  dally  cost  report,  and  ihe  duplicate,  or  carbon  oopy,  belnf 
nt^ned  by  ttie  foreman  and  bound  In  a  loose  leaf  binder. 

Dnlsnlna  Punch  Card  Report*. — We  twve  already  enumerfiled 
tttt  advantaees  of  the  punch  card  for  certain  WndB  of  dally  reports. 
One  ot  the  esirlli;st  punch  cards  devised  for  this  purpose  is  sbown  In 
Fit.  >,  and  vras  designed  by  one  at  the  authors  for  recording  the 
tally  work  done  by  each  team  in  hsuling  broken  atone  for  ma- 
cadiun.  Each  tefimater  carries  a  cord  which  he  presents  tor  punch- 
bis  at  each  end  of  the  trip.  The  diamond  punch  hole  Indicates 
tbat  the  loaded  team  left  the  crusher  bin  at  T  ;0G  a.  m.  The  cross 
twnch  holes  shows  that  It  dumped  Its  load  on  the  road  at  8  :2a  a.  m. 
A  new  card  Is  Issued  to  each  teamster  each  day;  but.  It  It  Is  de- 
A«d  to  provide  one  card  that  will  serve  for  a  (Utl  week,  one  la 
easily  deslsned. 

A  more  eliiljorate  form  of  individual  punch  card  Is  Shown  la 
Pl«.  7,  and  is  designed  to  show  the  dally  performance  of  each  rock 
drill  In  great  detail  and  In  duplicate.  Note  that  the  upper  half  of 
the  card  Is  to  be  folded  back  on  the  lower  half,  so  that  the  holes 
are  punched  in  duplicate 

The  punch  holes  In  tril*  particular  card  show : 

L    That  the  bolee  were  spaced  t  ft.  one  way  and  6  ft.  the  other. 

S-    That  +  bits  were  ueed. 

X    lliat  the  drill  was  In  good  condition. 

4.  That  tlM  drill  was  Na  2. 

5.  Tbat  a  3-ln.  starting  bit  Was  used, 
f.    That  El  ft  ot  bole  were  drilled. 

7.  That  there  were  i  holes,  Noa  1,  2,  3  and  1,  whose  depths 
w«ra  15,  U,  IS  and  li  ft.,  respectively. 

(Note:  A  hole.  No.  0.  Is  provided,  in  case  a  partly  drilled  hole 
ot  the  previous  day  has  to  be  completed,  tor.  In  that  event,  the  num- 
ber of  feet  drilled  to  complete  the  hole  Is  punched  above  hole 
No.  0.) 

L    That  the  date  was  July  IS. 

a.  Tbat  work  beean  at  7  :03  a.  m..  and  hole  No.  I  was  rom- 
plet«d  at  9 :44  ;  that  work  waa  stopped  at  12  m.  and  begun  again  at 
1  pt  m. :  that  hole  No.  2  was  finished  at  1 :18  p.  m.,  hole  No.  3  at 
I:I(,  bole  No.  4  at  4  :EE. 

It  la  not  usually  necessary  to  record  rock  drill  operations  to  the 
Dearest  even  minute,  as  the  nearest  b  minutes  will  ordinarily  suffice  ; 
but  It  Is  sometimes  desirable  to  have  the  drillers  record  the  time 
of  starting  ono  hole  and  of  starting  the  next  hole.  In  that  case 
this  card,  which  provides  for  a  time  record  on  !-min.  Intflrvals,  Is 
Here  aaliafaclory  than  one  designed  for  E-mlu.  Intervals.  Drillers 
we  ettat  Terr  slow  In  shifting  drills  from  one  hole  to  the  next, 
wblch  Is  well  shown  up  If  the  time  of  finishing  one  hole  and  of 
•tsrtlng  tlia  next  is  punched.    Punching  two  holes  In  the  card  in  one 
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aquara  (punching  double),  can  be  used  to  indicate  time  of  BtartlnK 
a  hole,  while  punching  one  hole  Inilicatei  Us  time  ot  compledon. 

Nate  that  In  deslKnlng  punch  carda.  space  can  be  economlied  by 
the  airaiiKemcnt  shown  In  the  upper  ie(t  hand  corner  ot  Fig.   7 


Fig.   T.     Duplicate  Punch  Card. 

where  the  upper  line  Indicates  "tens"  and  the  lower  tine  Indlcatea 

On  some  clauaa  of  work,  particularly  ihop  work.  It  la  often  de- 
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rinbia  to  Ihlt*  a  aaiisrato  punch  card  for  ouh  clan  of  trorit, 
tanead  of  TVConllnK  aereral  cIbsmb  of  work  on  the  wine  card. 
FIb  t  Uhiatratea  «ucb  a  card  that  has  been  used  b;  the  Nations] 
Svttdi  ft  BlBaal  Co.  and  was  daacrltrad  by  Hr.  Chas.  Hansel  and 
BoMMwd  In  the  **Complete  Coit  Keeper."  1903.  B^ach  workman 
pvforMsa  tbe  G-mln-  time  tara  tor  each  Job  on  which  he  U  em- 
tlaini,  ilmplr  plerdns  the  card  at  the  G-mln.  polnti  moat  nearly 
wpritimhia  his  tbnea  of  bexlnnlnK  and  ending  work  on  the  Job  In 
band,  the  appropriate  order  aumt>er  t>elnK  entered  on  the  card  by  the 
fimmau.  Wben  the  workman  enterB  the  ihop  In  the  morning,  be 
li  taniltiied  with  one  time  card,  which  he  tianxs  on  the  upper  book 
of  his  Individual  time  board,  after  perforating  It  at  hia  beelnntoB 
tima.  It  the  foreman  (Ives  the  workman  a  second  Job  before  the 
Dm  1*  completed,  he  (IIIb  In  the  order  number  on  a  aecond  card. 


Date  Commenced 

Order  No 

Catalog  No 

Nomber  Piecn  . . 

OpentkiD  No 

Date  Piniihed..  . 


Tig.  S.     Punch  Card. 

and  hangs  this  second  card  on  tbe  upper  hook.  Thus  the  workman 
mar  have  any  numt>er  of  Jobs  before  him,  each  order  being  given 
en  a  a^iar&te  card.  "When  any  lob  Is  completed  Us  card  Is  trani- 
ttrred  to  tbe  lower  hook.  Tbe  time  cards  on  the  lower  hook  ere  re- 
moved by  the  timekeeper  each  morning,  cards  on  the  upper  hook 
bilnc  left  undisturbed. 

Record  Cards  Accompanying  Each  Piece  of  Work. — In  doing  ma< 
ditoe  shop  work.  It  Is  often  necessary  to  have  one  piece  of  metal 
pas*  through  the  hands  of  several  workera  For  example,  one 
man  may  drill  boles  of  a  certain  size,  another  rtkay  drill  holes 
of  anotl>er  liMO,  still  another  may  threckd  the  holes,  and  so  on.     In 
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■uoh  a  COM  a  record  card  majr  b*  attached  to,  a 
piece  or  lot  of  pieces,  in  blanki  provided  on  the  card,  each  worker 
enters  hia  number  and  the  amount  of  time  apont  In  doing  a  veatflad 
kind  and  amount  of  work  on  the  piece. 

Using  8«veral  Record  Cardi,  One  For  Each  Place  of  Work^A 
method  that  Is  usually  preferable  to  the  one  Just  described  for  abop 
work.  Is  to  give  each  workman  aeveral  record  cards.  As  each  new 
plocB  of  work  comes  to  him,  he  enters  Ita  "order  number"  on  a 
record  card,  and  records  the  time  ha  spends  on  the  piece.  When 
flnlshed,  ha  uses  another  record  card  for  the  next  piece. 

Store  Kespar's  Reports — The  store  keeper's  duties  Include  the 
following : 

I.  He  must  receipt  for  and  take  charge  of  all  material  delivered 
for  temporary  storase. 

i.  He  must  see  that  all  of  this  material  Is  properly  accounted 
for  and  none  loat  or  utolen. 

3.  He  must  take  charge  of  the  Issuing  of  materials  and  sup- 
plies to  the  men  and  see  that  they  are  Issued  In  proper  quantity 

4.  He  should  see  that  needed  material  and  supplies  are  Issued 
without  loss  of  tima 

To  accomplish  these  objects  It  la  necessary  that  some  one  bs 
on  hand  at  the  score  house  at  all  times  when  material  Is  likely  to  be 
delivered  or  called  for.  This  Includes  the  noon  hour  as  well  aa 
other  time*.  Considerable  economy  results  from  sending  to  tha 
store  house  In  the  noon  hour  to  obtain  articles  that  are  needed  In 
the  afternoon. 

The  second  duty  of  the  storekeeper  Is  often  Interfered  with  by 
men  going  to  the  store  house  (or  arllcleH  needed  In  a  hurry  and  not 
leaving  receipts  (or  them.  The  only  way,  then,  that  the  storekeeper 
can  account  for  his  materials  would  be  by  periodical  Inventories. 
and  then  at  the  best  there  Is  nothing  whereby  the  periodical  In- 
ventory can  bo  checked.  The  perfunctory  Inventory  Is  generally 
usalesa  All  the  men  in  the  field  In  the  position  of  authority  or  who 
are  likely  to  require  to  have  materials  Issued  to  them  should  be  pro- 
vided with  small  requisition  blanks,  and  the  storekeeper  should 
require  a  requlaltlon  slip  as  a  receipt  tor  all  material  Issued. 

At  the  end  of  the  month  these  receipts  (or  material  Issued 
should  tally  with  his  inventory  and  list  of  material  received. 

Reports  on  Mstarlals  and  Supplies.— Fig.  »  Is  a  card  for  report- 
ing supplies  received.  It  includes  Che  oil.  waste,  powder,  caps  and 
fuse  supplied  to  the  various  fleld  organlsatlona  such  as  drlllera. 
pumps,  various  steam  shovels,  dinkeys,  cars,  shovels,  and  alao 
shows  the  amount  remaining  on  hand.  This  Is  for  steam  ihovel 
work  In  rock. 

Fig.  10  Is  material  card  designed  to  be  used  dally  by  tha  fore- 
man on  concrete  work  for  recording  the  materials  received.  Tha 
Bize  of  various  loads  of  cement,  gravel,  sand,  screening*,  atones  «n<l 
the  number  of  feat  board  measure  of  lumber  are  shown  on  one  half 
of  the  card,  and  on  the  other  half  are  the  amounts  of  tflass,  atMl, 
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Fig.  9.     Supply  Report. 


Pis.   10.     HaterlalB  Report. 
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ikum.  nall^  etc.  On  the  back  of  the  card  an  entiy  la 
■uppOKd  to  be  made  of  all  material  aent  avay  from  the  ahop  or  r»- 
malDliiK  OD  the  work  at  nighl;  thn*  glTlns  a.  check  upon  the  Quan- 
tity of  mateiiala  uaed. 

Cheekrns  the  Accuracy  of  Reporta. — Syitematlo  checkJDK  ol  tbt 
accuracy  of  reporte  made  by  Individual*  or  foremen  la  of  para* 
mouat  Importance,  for.  unlaaa  this  U  done,  there  la  apt  to  be  grom 
falalDcatlon  of  the  reporta  In  order  to  make  a  favorable  ahowlni 
of  perfarmance.  Thus,  If  a  drill  runner  ■■  not  checked  occaaionally 
aa  to  his  report  of  number  of  feet  drilled,  he  la  apt  to  odd  aeveral 
feet  to  hiB  actuH.1  performance. 

On  one  railway  with  which  the  authors  are  familiar,  the  maater 
mechanic  is  In  the  habit  of  reportlnK  the  time  of  men  spent  In 
building  new  cars  as  If  It  were  spent  In  repairing  old  cam.  The 
object  In  doing  thla  Is  to  make  a  creditable  Bhowlng  of  the  cost 
ot  making  new  equipment  While  it  Is  true  tluit  thla  seemB  like 
robbing  Peter  to  pay  Paul,  It  must  be  remembered  that  there  la 
usually  great  dilHculty  In  determining  Just  what  la  a  reasonable 
coat  ot  repairing  a  car,  whereas  there  la  no  dUHculty  Jn  fixing  upon 
tt  Teaaonable  cost  of  making  a  new  car. 

So  many  men  are  dishonest,  particularly  In  ways  that  are  not 
OatUBlly  criminal,  that  Implicit  trust  ahould  not  be  placed  In  re- 
ports that  are  not  verltled  by  systematic  Investigation  at  uneicpected 
intervals  of  time.  If  they  are  not  subject  to  constant  checking. 

On  conatructlon  work  It  ahould  be  the  duty  of  someone  to  make 
reports  that  will  check  the  reports  made  by  Individual  workmen 
and  by  foremen.  The  timekeeper  la  usually  the  man  upon  whom 
part  of  this  checking  devolves.  Thus,  the  timekeeper  may  be  re- 
quired to  make  certain  measurements  at  the  close  of  the  day,  iKoa 
which  a  foreman's  report  of  performance  can  be  checked,  aa,  for 
example,  the  number  of  drill  holes  and  the  depth  of  each.  The  time- 
keeper may  also  be  required  to  visit  each  part  of  the  work  fre- 
quently, noting  the  number  of  men  engaged  In  each  daaa  of  work 
at  .the  time  ot  each  visit  EVequent  vlalta  are  often  made  posBlble 
by  providing  the  timekeeper  with  a  horae  or  a  motorcycle. 

Checking  the  distribution  of  the  man  of  a  gang,  aa  well  as  ob- 
serving the  energy  with  which  they  are  working,  may  frequently 
be  done  to  advantage  by  means  ot  a  telescope  or  Held  glBssea  In  tha 
handa  of  an  obaerver  located  In  a  tower  or  on  aome  high  point  ot 
ground. 

By  requiring  different  foremen  and  different  Individuals  to  report 
on  the  same  perfarmanca.  an  excellent  check  can  often  be  aacured. 
Thus,  the  dinkey  locomotive  englneman  ahould  report  the  number 
of  trains  hauled,  and  either  the  dump  foreman  Or  the  stetUD  ahovol 
englneman  should  render  a  similar  report 

The  monthly  estimates  of  engineers  should,  of  course.  t>e  naed  to 
check  the  dally  reports  of  foremen,  as  far  as  possible;  and  an 
large  Jobs  It  la  often  desirable  for  a  contractor  to  employ  englnoer* 
to  cross-section  and  meaaurt  the  woilc  mce  a  WMk.  U  not  mor* 
frequently. 
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Where  the  sans  under  a  foreman  la  frequentir  Alftad  from  on* 
clan  of  WDTlE  to  anottier,  tbe  loreaum  aboulcl  alwayi  record  Che  tliii* 
that  the  chanKO  l>  made.  In  one  of  the  wava  already  tadicated. 
When  thla  Is  done,  the  niparhitendent  or  wallclnK  boaa  Bbould  exam- 
toe  the  forem&n'a  record  occaelonally,  dnring  the  day— not  necea- 
mrOy  evenr  day — to  assure  hlmeell  that  the  (oreman  tipoatlnc 
the  rscord  properly  and  at  the  time  each  change  le  made- 
There  should  always  be  some  system  of  recordlnc  the  receipt  of 
dally  reimrta  at  the  office.  Tble  la  someilmes  effected  by  havluK 
a  tabolar  list  at  an  the  re[>arte  that  should  be  received,  and  by 
placlof  a.  checlc  mark  opposite  the  name  of  each  report  (or  each 
foreman  or  Individual  maklns  the  report)  under  the  day  of  the 
tnoQth  to  which  the  report  relate*.  A  ^onco  at  such  a  tabulation 
■howa  whether  any  report  la  miseitiB. 

If  It  le  the  practice  to  plot  or  chart  the  retums  shown  by  each 
report  dally,  then  no  further  check  may  be  needed  to  show  that 
the  report  bae  been  received. 

One  of  the  advantages  gained  by  divorcing  cost  keeping  from 
bookkeeping  la  the  check  thus  obtainable  on  both.  The  aggregate 
weekly  payroll  Aown  by  the  timekeeper's  report  should  check  fairly 
well — not  noceararHy  with  great  precision — with  the  aggregate  pay- 
roll deduced  from  the  foreman's  reports.  Incidentally  this  check 
makea  It  more  dUDcult  for  a  timekeeper  to  "pad  the  payroll,"  that 
is  to  eater  flctltlous  names  upon  the  payroll  or  to  credit  a.  man  with 
more  time  than  be  Is  entitled  to.  Many  a  contractor  has  been 
robbed  In  this  manner. 

If  the  distribution  of  costs  shown  on  the  books  oorresponds  with 
the  dlBtrllmtlon  derived  from  the  dally  report  cards,  a  fairly  close 

It  is  generally  wlae  to  have  accounts  (or  each  of  the  mala  Items 
of  materials  and  supplies,  such  as  lumber,  cement,  coal,  explosives, 
etc  Then  the  total  consumption  of  coal,  for  example,  as  deduced 
from  the  foremen's  dally  cost  reports,  should  check  falrty  well 
with  the  amount  purchased,  as  recorded  by  the  bookkeeper.  Like- 
wise the  bookkeeper  may  divide  the  payroll  Into  certain  general 
dasses  of  tabor  and  aealgn  an  account  for  each  class,  which  should 
check  with  the  cost  records  turned  In  by  the  foremen.  But,  In  our 
oidnion.  It  Is  a  wnious  mistake  to  encumber  the  bookkeeper  with  a 
multiplicity  of  accountfl  Intended  either  to  show  detailed  costs  or  to 
check  the  various  details  of  cost  deduced  from  the  dally  cost  reporta 

Cost  Charts. — For  ihowlng  relative  performance  or  relative  unit 
oosts;  no  method  ia  ao  satisfactory  as  a  diagram  or  chart.  A 
^ance  at  the  unit  cost  line  plotted  on  a  chart  shows  the  manager 
whether  there  la  cause  for  congratulation  or  alarm.  The  up  and 
down  waves  of  a  oast  line  are  far  more  Impresalve  than  columns 
ot  flcurea  ever  are. 

A  chart  of  dally  perforroance  has  the  Incidental  advantage  of 
affording  an  automatic  check  on  whether  all  the  dally  cost  reports 
ha**  been  turned  In  or  not,  tor  without  the  reports  the  lines  on  the 
chart  cannot  be  plotted. 

Pr«flr««a  Charts.— It  is  generally  desirable  to  record  graphically 
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This  chart  rel 
aee  column.  TT 
(trench,  ditch,  < 


/Htfon.     Tha  flrat  column  Is  a  percent- 

imn  glvea  the  leriBth  of  the  excavation 

The  third  column  gives  the  number 


Pig.   11.     Prorreee  Chart 


ot  cubic  rarda.  The  fourth  column  gives  the  estimated  cott  Th« 
fifth  column  gives  the  actual  cost ;  a.  sixth  coluRin  of  actual  cost  la 
provided  In  case  It  overruns  the  estimated  cost.  The  total  length 
of  the  eicavatlon  to  ha  done  Is  776  ft,  Which  li  written  oppoalte 
the  100%.  Then  the  length  column  Is  divided  Into  t%  parts,  each 
rapreaentlng  lOD  ft.,  or  b.  "station," 

The  total  yardage  In  this  length  of  TTG  ft  li  1.(00  cu.  rda.,  which 
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li  also  written  opposite  the  100%.  Then  this  yardase  column  la 
divided  Into  IS  PBrts.  each  repreaoDtlng  100  cu.  yds.  The  work  baa 
been  eatlmated  to  cost  GO  cts.  per  cu.  yd.,  therefore  the  total  cost  of 
the  l,tOO  cu.  yda.  should  be  1800,  which  Is  written  opposite  the 
100% ;  and  the  estimated  cost  collUDD  Is  divided  Into  B  partSh 
cftcb  repreaentlns  flOO. 

This  work  on  section  of  excavation  Is  scheduled  to  begin  June  3, 
>■  Indicated  In  the  Bpeu»  to  the  left  of  the  per  cent  oalumn  and  at 
the  bottom ;    and  it  la  acheduled  to  be  finished  In  three  weeks,  aa 


The  work  Is  begun  on  schedule  time,  June  3,  aa  Indicated  by  the 
entFy  to  the  right  of  the  last  column,  and  at  the  end  of  the  first 
wtA  (beginning  of  the  next),  June  10.  the  proeresa  and  coat  are 
Aown  by  the  hatched  portion  below  the  heavy  black  line.  It  will 
be  seen  that  the  excavation  has  been  completed  to  atatlon  1  +  EO 
(=  ISO  ft.),  aa  ahown  la  the  second  column:  and  that  360  cu.  yda 
bare  been  excavated,  as  shown  In  the  third  column.  The  estl- 
Euated  cost  of  the  ISO  cu.  yds,  la  tlT5.  as  shown  In  the  fourth  col- 
uDio.  The  actual  cost  has  been  proved  to  be  the  same  us  the  eatl- 
maled  cost,  or  tl7B.  as  shown  In  the  fifth  column.  The  yardage 
completed  up  to  June  10  Is  22%  of  the  total,  as  aeen  by  comparing 
the  first,  or  percentage,  column  with  the  third,  or  yardage,  column : 
whereas,  to  have  lived  up  to  the  estlmaled  schedule,  33%  of  the 
yardage  should  have  been  excavated  by  June  10. 

The  performance  of  the  ncit  week  Is  similarly  shown  by  the  heavy 
black  line  opposite  June  17,  which  ahows  that  4T.5  tt.  of  length 
(reaching  therefore  to  Sta.  1-)-75)  and  90O  cu.  yda  have  been 
CiKnpIeCeil.  The  total  actual  cost  ia  now  1400,  sh  compared  with  an 
satlmated  cost  of  t>BO,  showing  that  the.  work  la  being  handled 
aatlafactoiily. 

If  the  chart  la  plotted  on  tracing  clolh,  blue  printa  are  readily 
niade.  Instead  of  cross-hatching  the  performance  area  of  each 
week,  paints  of  different  tlnta  may  be  uaed. 

On  Joha  of  long  duration,  a  similar  chart  showing  progreaa  by 
montha  la  usually  dealrable.  In  addition  to  a  weekly  progress  chart. 
Then  It  Is  often  dealrable  to  paint  the  area  on  the  monthly  prog- 
ress chart,  using  colors  of  paints  to  designate  the  different  months. 

Methods  of  Payment  In  Proportion  to  Performance. — The  funda- 
mental law  of  management  involves  that  payment  for  work  done 
diall  be  proportionate  to  performance— that  Is.  an  increaaed  number 
Of  nnlta  of  work  done  by  a  man  shall  result  In  his  receiving  In- 
creaaed  pay.  The  ordinary  wa^  system  Is  baaed  Upon  thia  law, 
but  only  In  a  very  crude  manner,  since  It  throws  men  Into  large 
groups  or  classes.  Individuals  of  which  receive  the  aame  pay,  or 
practically  so. 

We  riiall  now  consider  some  of  the  various  methods  that  aim  to 
recompense  a  workman  In  proportion  to  his  performance. 

profit  Sharing,— According  to  the  method  of  profit  shoring,  «ach 
Individual  receives  not  only  hla  wage  but  a  pro  rata,  of  any  profits 
that  arise  from  the  busineaa     either  quarterly,  semi-annually,  or 
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aiutuoUy,  the  profita  of  the  builnesi  are  eatlmated.  and  a  MrtalB 
percenUKB  at  these  profits  la  distributed  to  the  wortoneii  and  their 
manafcera.  OCten  this  dIstrlbutlOD  Of  proflta  la  conOned  to  the  man- 
agera  only. 

While  thla  la  an  Improvement  over  the  wave  srstem,  It  violatea 
the  eighth  law  of  matiagement — namely,  the  law  of  pronnpt  reward. 
The  ImaBlnetlon  o(  the  ordinary  workman  la  not  enou^  to  main- 
tain hla  Interest  In  his  work  at  the  high  pitch  neoesaary  to  enabi* 
him  to  do  hla  very  beat.  Moreover,  any  community  Intereat  In  a 
commercial  enterprlae  lacks  aufflclent  atlmulua.  It  requirea  a  more 
direct,  personal  Intereat  In  the  outcome  to  arouse  a  man  to  action- 
Profit  BbBrlng,  whether  by  the  payment  of  proflta  direct,  or  In  the 
form  of  dividends  on  stock  held  by  the  workman,  la,  at  Iwst,  only  a 
moderate  step  In  advance  of  the  ordinary  waee  ^atem  so  far  aa  the 
average  workman  la  concerned. 

Place  Rate  8y ate m.— According  to  the  piece  rata  ayatem,  each 
workman  la  paid  a  certain  atlpulated  amount  per  unit  of  work  done 
by  him.  It  all  managers  were  fair  In  their  deallnKS  with  workmen, 
and  If  all  workmen  were  reasonable,  the  piece  rata  system  would  t>e 
almost  Ideal  as  a  method  of  paying  men  wherever  the  work  la  of 
a  character  that  admlla  of  measuring  Individual  performance,  Due 
to  hogglshnesa  on  the  part  of  managera  and  unraaaonablenes*  on 
tne  part  of  workmen,  the  piece  rate  system  usually  falla  to  accom- 
plish the  desired  end. 

havlns  established  a  piece  rate  of,  say,  ID  eta  per  cu.  rd.  for 
ahovellng  earth  Into  wagons,  on  the  assumption  that  IS  cu.  yda  per 
day  per  man  la  a  fair  output.  It  requires  more  than  ordinary  (ore- 
.  sight  and  liberality  not  to  cut  the  rale  when  laborera  begin  to  load 
26  cu.  yda  a  .^y.  The  typical  contractor  will  then  begin  to  reason 
about  aa  follows:  "These  men  have  been  soldiering  on  me  In  the 
pasL  I  always  thoujrtit  so;  now  I  know  it.  Well,  now  that  I  do 
know  It.  and  they  know  I  Know  it,  they  will  have  to  work  at  tWa 
rate  hereafter  or  get  out.  Wliat'a  more,  I  am  not  going  to  be 
gouged  out  of  an  extra  dollar  a  day,  either.  If  they  make  IB  eta. 
extra  a  day,  It'a  more  than  they  ever  got  before,  and  It's  all  they 
are  entitled  to.  so  we  will  Juat  drop  that  10-ct,  rate  down  to  T  eta 
That  will  satisfy  them."  But  the  trouble  Is  that  It  doesn't.  The 
men  ImmedlHlely  become  angry,  and  rightly  so.  If  they  do  not  quit 
entirely,  tbey  Iobc  uU  further  ambition  and  desire  to  Increase  their 
output,  knowing  full  well  that  the  piece  rate  will  be  so  cut  aa  to 
enable  them  to  earn  only  a  slight  advance  over  their  orlglaal  day'* 

This  experience  has  been  BO  general  that  nearly  all  labor  unions 
have  put  a  ban  on  the  piece-rate  system.  Bear  In  mind,  however, 
that  the  piece-rate  system  Is  not  Inherently  at  fault,  and  that  it  la 
used  with  great  success  In  many  places  where  the  managemaot  baa 
been  liberal  and  far-alghted. 

On  piece-rate  work  that  Involves  the  nse  of  machinery,  It  is  mani- 
fest that  any  Improvement  In  the  machinery  which  enables  the  lASD 
to  turn  out  more  imita  dally,  should  be  accompanied  by  some  r«- 
fluctlon  In  the  piece  rate.     Workmen,  however,  are  utually  tlnreft* 
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Nnkbto  Mid  oppose  anr  r«ductlDn  fn  the  rate.  Thle  unraaaonsblft' 
nam  dlaKUSta  Uie  manager  aa  much  aj  a  mana^er'a  tuKBlehneee  iU»- 
pata  the  worlcmen.  If  the  maniiger  goea  to  the  eipenw  of  burins 
and  eperatlns  Impnived  machinery,  he  le  entitled  to  bla  Auu«  o[  the 
Increaaed  profit,  but  the  workman  la  not  quick  to  aee  tblusa  hi  that 
light. 

Ot>Tloualr,  aur  piece-rate  aystem  la  productive  of  more  or  leas 
Mctloo  between  managera  and  men.  yet  no  ayatem  la  free  from  aome 
frtetlon.  Probably  the  chief  function  of  the  lat>or  unlona  of  the 
toture  wfll  lie  to  protect  workmen  In  agreementa  with  managcra, 
and  to  be  partlea  in  arrlylng  at  what  tboae  agranmenta  aboil  ba. 

The  Bonua  Syatenir— This  aystem  Involves  paying  each  workman 
a  daily  wage  plua  a  piece  rate  on  each  unit  In  exceea  of  a  atlpulated 
minimum.  Thla  piece  rate  on  exceaa  product  la  called  a  bonua 
For  example,  a.  laborer  recelvea  (l.GO  a  day  for  ahovcUng  earth, 
and  on  each  cubic  yard  in  excesa  of  16  cu.  yda.  ahoveted  per  day 
be  recelvea  a  bonua  of  7  ct&  It  be  ahovela  25  cu.  yda,  he  recelvea 
tl.eO-1-  (0.07  X  10}  =tt.tD. 

The  bonua  ayatem  la  really  a  piece-rate  ayatem  with  a  KUOJtuitee 
■f  a  certain  mlntmum  wage.  Slight  though  thla  difference  from 
tlie  piece-rate  ayatem  la,  it  la  generally  viewed  with  more  favor  by 
workmen. 

The  Dlnarcntial  Piece  Rata  Syatam. — The  principle  of  thla  ayatetn 
ia  to  pay  a  certain  piece  rate  up  to  a  certain  output  per  man,  and  a 
higher  rate  (but  atill  a  piece  rate)  above  that  ou^nit.  Applied  to 
drllllDB,  for  example,  the  drill  runner  would  be  paid,  aar,  9  eta. 
S  foot  up  to  a  performance  Of  CO  ft  per  day,  and  S  eta  a  foot  tor 
•very  foot  above  EO.  The  helper  might  atlll  be  paid  $S  a  day 
atialgbt,  but  tt  la  wise  alwaya  to  give  him  also  a  contingent  Intereat 
In  the  result  of  hla  work. 

The  DHTerentlal  Bonua. — Thla  la  baaed  on  the  same  principle  aa 
the  differential  piece  rale  while  guaranteeing  to  a  man  a  fixed  mini- 
mum of  wagea  We  have  applied  It  In  drilling  work,  offering  the 
men  2  eta.  per  foot  drilled  for  every  foot  above  70,  and  3  eta  for 
•very  toot  above  80  per  day,  while  at  the  aome  time  paying  them 
their  regular  rate  ot  wagea. 


Taak  Work  With  a  Bonu».~Hr.  H.  L.  Oantt,  one  of  Taylor's 
popUa,  Invented  a.  ayatem  of  differential  payment  known  as  "Taak 
Work  with  a  Bonua."  which  baa  been  very  auoceaatul  In  practice 
and  haa  great  Hexlblllty  of  application  under  varying  condltlona 
The  workman  under  thla  ayatem  la  paid  hla  regular  day's  wagea 
Id  any  event  and  a  certain  lump  bonus  If  he  aucceeda  in  acomi- 
pilahtng  the  standard  task.  The  amount  of  thla  bonus  la  usually 
about  one-third  of  hla  regular  wages.  Hr.  Taylor  saye  that  this 
trwtera  la  especially  uaaful  during  the  dlfflcult  and  delicate  period 
at  trsnaltkin  from  the  slow  pare  of  ordinary  day  work  to  the  high 
q>efld  which  la  the  leading  characteristic  of  good  management. 
During  this  period  ot  transition  In  the  past,  a  time  was  alwaya 
reached  when  a  auddoi  leap  was  taken  from  Improved  day  work 
to  Bome  form  of  piece  work ;   and  In  making  thla  Jump  many  good 


112  HANDBOOK  OF  COST  DATA. 

men  Inevitably  fell  and  were  Iobc  from  the  procesrion.  Ur.  Qantfa 
■ystem  brIdKea  over  this  dllllcutt  atretch  and  enables  the  workmaa 
to  go  aniootlily  and  with  gradually  accelerating  apeed  from  the 
■lower  p&co  of  Improved  day  work  to  the  high  apeed  of  the  new 

The  Premium  Plan.— This  la  the  term  uaed  by  Mr.  P.  A.  Balaer 
to  daecrlhe  what  Mr.  Taylor  calla  the  ToWne-Halaey  Hyatem.  It  la 
based  on  the  prepoaitlan  ol  paying  a  bonus  for  achieving  an  eatl- 
matad  performance,  the  means  to  be  employed  and  the  mothoda 
being  left  to  the  Ingenuity  and  Initiative  of  the  men,  rather  than  to 
the  management. 

PrInctpiea  Oovernlng  the  Rxlng  ef  a  Place  Rata  or  Bonua. — Wa 
are  probably  veil  within  limlta  when  we  say  that  the  aTerage 
workman  engaged  on  construction  work  under  the  wage  ayatem  ia 
capable  of  Increasing  hla  output  10%  l(  given  aulDclent  Inceatlvs 
to  do  BO,  and  thia  without  the  leaat  phyalcai  Injury  to  himself. 
When  It  Is  dealred  to  ascertain  how  much  work  men  are  capc^l* 
of  doing,  one  of  the  best  plana  la  to  conduct  a  conteat  t>etween  two 
or  more  men,  or  two  or  more  groupa  of  men,  a  oubstantlal  prise 
being  olTered  for  the  best  performance.  Sucb  a  contest  ahould  usu- 
ally extend  over  several  consecutive  da.ys,  so  that  It  will  not  be  a 
mere  aprlnt,  but  a  fair  endurance  test 

If  a  competitive  contest  to  dlecloae  the  woricmsn'a  abilities  la  not 
practicable,  the  authors  assume  that  the  output  probably  can  be 
increased  flO  to  70%  over  the  output  under  the  wage  system,  wher- 
ever the  output  depends  mainly  on  the  skill  and  strength  o(  the 
workmen.  In  drilling  rock.  lor  example,  If  the  average  output  of 
each  drill  Is  80  lln.  fC  under  the  wage  system,  then.  In  all  likeli- 
hood. It  can  be  Increased  to  nearly  100  ft.  under  a  bonus  system. 
The  driller  who  receives  |3.00  a  day  under  the  wage  system  Is  reallj 
earning  5  cts.  for  each  of  the  SO  lln.  ft.  If  It  Is  planned  that  he 
Shalt  Increase  hla  Income  S0%,  h«  will  receive  t4.G0  for  the  as- 
sumed 100  lln.  ft  of  bole.  Hence  hla  piece  rate  would  be  4H  cts. 
'  a  toot,  or  his  bonus  would  be  fl.EO  on  10  lln.  ft.  (60  lln.  ft  being 
taken  aa  the  standard  minimum  performance),  which  Is  equivalent 
to  a  bonus  of  3%  eta  per  lln.  ft  on  every  toot  in  eicesa  of  80  ft 
to  be  added  to  a  dally  wage  of  1300.  At  flrat  sight  It  seems  that 
the  contractor  gains  only  1^  cts.  per  Iln.  ft  far  the  40  lln.  ft  on 
which  a  bonus  Is  paid,  or  only  %  ct  per  lln.  ft  on  the  entire 
100  ft  The  fact  Is  that  the  contractor  gains  much  more,  not  evan 
considering  the  wages  of  the  driller's  helper,  for  the  dally  plant 
charges  on  the  drill  remain  almost  constant  regardless  of  the  out- 
put II  fuel,  tlreman.  Intereat  repairs,  depreciation,  foreman,  etc., 
are  f4.00  per  day  per  drill,  these  flied  charges  amount  to  t.M  cts. 
per  tin.  ft  of  hole  when  the  output  la  only  00  lln.  ft  a  day.  aa 
compared  with  4  cts.  per  lln.  ft  when  the  output  la  100  ft,  or  a 
aavlng  of  1.0(  cla.  per  lln.  ft  Wherever  a  plant  of  any  conalder- 
Bble  value  la  used,  it  la  dear  that  It  would  be  prontable  to  double 
the  pay  of  the  workmen  If  they  could  double  the  output  of  the 
plant,  for  the  imlt  aavlng  In  plant  chargea  alone  would  amount  to 
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proflL     ThlB  IB  upon  the  aaaumptlOD  tlULt  tlM  fuel  bill 


rematna  practically  unctuuiBed  by  the  iDcreosed  output,  and  li 
doiD  la  materially  affected  by  increased  output  on  contract  work. 

Banaflta  of  tha  Bonua  Syitem.* — Strife  developa  the  beat  that  U 
In  a  man,  whether  It  be  atrength  of  niuacle  or  Che  power  of  tiM 
iD7«terlou8  marrow  of  the  akull. 

The  evolution  of  all  ^lecles  and  genera,  up  to  man  himself,  !• 
baaed  upon  this  law,  yet  there  are  millions  ot  misguided  men  wba 
are  striving  to  alKiHsh  strife.  They  ihow  more  pity  for  the  second 
best  In  the  race  than  praise  for  the  first.  They  aeem  not  to  see 
that  In  the  IndustrlBl  race  evea  the  loser  wins,  and  that  there  Is  no 
such  thing  as  being  tieaten  out  of  "place."  A  part  of  the  purse 
eoes  to  everyone  that  enters. 

But  there  are  many  kinds  of  races,  and  many  entries  In  eiudi. 
The  meet  popular  race,  Judged  by  the  number  of  entries,  la  the  alow 
race.  In  It  you  will  And  men  of  all  elaasea — clerks,  farmera.  brick 
masons,  draftsmen.  Iron  workera  and.  Indeed,  the  great  majority 
of  men  worlilng  for  wagea  The  one  who  can  make  the  Job  last 
the  longest  wlna  He  weara  the  blue  ribbon,  and  la  proud  of  him- 
self In  a  sneaking  sort  of  fashion.  But  the  part  of  the  purse  for 
the  winner  In  thla  race  la  no  greater  than  for  the  loser.  There  is 
merely  the  blue  rlblmn  (or  the  prlio  winnera 

Etatered  In  the  running  race  are  all  men  working  In  competi- 
tive bnainessea.  Here  are  the  merchants,  manufa^turera.  contract- 
on  etc 

Then  there  la  the  trotting  race,  not  so  swift  nor  so  trying,  but  a 
contest  well  worth  waCchlag.  Here  is  where  careful  training  counts. 
This  la  the  race  for  men  educated  In  the  profession  of  law.  medl- 
ctne.  architecture  and  englneerliuc— each  in  his  class. 

What  marks  the  distinction  between  these  three  different  kinds 
Why  does  the  wageworker  go  alow  I  Why  Is  the  pro- 
ui  more  energetic?  Why  Is  the  bualness  man  the  per- 
sonlQcatlon  of  energy?  The  anawer  Is  found  tn  Che  relative  freedom 
of  competition,  and  the  relative  alze  of  the  prizes  to  be  won. 

The  wageworker  has,  from  time  Immemorla!,  striven  to  limit  com- 
petition. In  China  and  India  he  has  succeeded  to  perfection.  There 
be  has  develoiied  a.  ayatem  called  "caate."  which  is  but  a  perfected 
form  of  our  ElnKllsh  and  American  "apprentice  ayatem."  Tn  India 
a  mas  belonging  kO  a  oertaln  "caste"  will  swing  a  wet  blanket  over 
you  all  night  to  keep  you  cool ;  but  no  amount  of  money  would 
tempt  hlra  to  black  your  ehoea  or  go  to  the  poatolBce  for  your  mall. 
He  doea  not  belong  to  the  "caste"  tliat  does  those  things.  Hence 
you  muBt  hire  ten  or  a  dozen  servants  It  you  expect  to  be  served 
In  all  your  wanta  "It  makes  work,"  don't  you  seeT  It  baa  the 
tiow  runner  t>eaten  to  a  atandatllL 

How  can  waKeworkers  be  rescued  from  their  own  follies,  not 
merely  In  India,  but  In  America?  How  can  they  be  Induced  to 
enter  racea  for  the  swift,  where  the  swiftest  wins  moat,  but  all  win 
more?    There  la  but  one.  Just  one,  way  to  bring  thla  end  about,  and 

*S*plN««rfKp-Co«traMI«tf,  Feb.  t.  1901. 
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that  la  to  «xtetid  th«  a 
Individuali.    When  mea  ft 
do,  then  ther  DO. 

This  la  the  trua  *ecret  of  the  economp  o 
bj  contract  Instead  of  by  daj  labor.     And 
farther.      The  contractor  can  make  hla  m 
-will  exerclw  a  little  lEijtenulty  and  Dtttlenee  In  workliuc  out  a  plan 
lor  paying  them  by  the  piece. 

There  are  many  men  who  are  not  Brltted  with  the  abilltr  to  man- 
age workmen  where  the  plain  wage  >ynem  la  In  use,  but  who  would 
succeed  admirably  In  Betting  a  big  output  from  men  under  a  bonua 
or  a  "piece-work"  Hysletn.  It  can  be  done  not  only  In  the  field  and 
foctory.  but  In  the  once,  not  only  where  laborers  are  hired,  but 
whera  engineers  are  hired.  It  la  being  done  with  great  success  In 
surveying  and  drafting — two  classes  of  work  where  the  dlfScultlas 
of  applying  a  bonus  or  contract  system  are  very  great. 

When  you  are  told  that  the  bonua  syston  cannot  be  Bppllod  to 
some  particular  class  of  work,  because  of  Its  unusual  nature,  place 
little  reliance  in  the  dictum  but  put  your  brains  at  work.  I«t  others 
•nter  the  race  ridden  by  the  Jockey  Impossibly,  If  they  will,  but  that 
Jockey  never  bestrode  a  winner  since  time  began. 

Time  Cards  and  Time  Books. — Through  any  stationery  store  time 
books  can  be  bought  that  are  ruled  and  lettered  to  suit  moat  classes 
of  contract  work.  The  timekeeper  entera  the  name  of  each  man 
and  assigns  him  a  number  In  the  tiook.  On  large  Jobs  It  la  wiM  alaa 
to  provide  a  brass  check  that  can  be  pinned  to  the  clothing  of  each 
workman,  so  that  his  number  Is  visible  nt  a  glanca  The  home 
addressea  of  common  laborers  are  seldom  entered  In  the  time 
books,  but  it  Is  desirable  alwaya  to  record  home  addresses  of  all 
men,  and  particularly  the  permanent  addreaaea  of  skilled  workmen 
and  foremen.  A  tew  poatal  cards  will  thus  enable  one  quickly  to 
gather  tojcelber  a.  Knng  of  skilled  men  for  a  new  Job.  It  la  wlaa 
also  to  have  a  directory  book  for  entering  the  names  of  good  fore- 
men, whether  they  be  men  that  you  have  employed  or  not;  and  a 
few  brief  remarks  concerning  each  man's  fltneaa  for  particular 
classes  of  work  shold  be  entered.  This  asalsta  alto  In  Identifying 
men  whose  names  have  slipped  the  memory. 

Time  books  are  very  often  ruled  so  that  the  Job  the  men  are 
working  on  cannot  be  entered  oppoalte  each  man'a  name.  It  Is  nec- 
essary then  to  reserve  separate  paB«a  for  eoch  Job.  Then  if  a  man 
does  several  different  kinds  of  work  on  one  Job,  al  toany  different 
lines  are  reserved  under  hts  name  so  that  the  hours  and  fractions 
went  by  him  on  each  kind  of  work  can  be  recorded.  In  that  case 
the  foreman  la  provided  with  h  time  book  from  which  the  time- 
keeper mokes  abstracts  when  he  goea  the  rounda 

In  order  to  avoid  dlaputes  on  pay  day,  I  devised  the  form  of 
cord  Aown  In  Fig.  13.  Kacb  workman  Is  provided  with  one  ot 
these  carda  which  he  keeps  until  pay  day.  This  card  was  devised 
for  work  on  which  pay  day  came  every  second  week.  The  rate  of 
wages  Is  punched  with  a  conductor's  punch,  likewise  the  number 
of  hours  and  the  nearest  half  hour  of  each  day.    ~ 
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imu"  iiutidMa  erery  man's  carH  at  tha  end  of  the  day,  and  at 
■Bine  tlm«  entera  the  number  ot  the  man  and  hia  boura  In  the 
a  bootc      If  «uiT  dispute  arieea  as  to  tbe  number  of  boura  worked 
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tbe  dlQMito  must  be  seltled  then  and  there,  for  on  pay  day  no 
»ini.Y«M  tor  extra  time  will  tje  listened  to.  Thla  doea  away  entirely 
wltta  ify  iIpT   dlsputea.  which  la  a  very  satisfactory  feature.     The 
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card  also  serves  to  check  the  timekeeper's  records.  Moraover.  It 
make*  "padding"  of  payrolls  more  difficult,  and  facilitates  detective 
work  If  "paddlDK"  Ib  Huspected.  The  card  also  serves  as  a  dlB> 
Charge  slip ;  for,  when  a  man  is  discharged,  the  toreman  punches 
the  hours  that  he  has  norked  and  he  also  punches  a  hole  through 
the  word  "dlBcharged."  WhCD  the  nian  presents  the  card  at  the 
office  he  la  paid ;  the  card  Is  kept  as  a  voucher,  and  a  holo  1* 
punched  through  the  word  "paid." 

Recording  Work  by  Minute  i-land  Observations.— It  has  oHen 
been  said  that  short  time  observations  prove  nothing  as  to  the 
efficiency  of  men  or  machinea  This  statement  has  t>een  exceedingly 
misleading  to  those  who  have  accepted  it  as  a  self-evident  truth. 
When  a  ahort  time  obaervatlon  does  not  Include  the  common  delays 
Incident  to  shifting  tools,  to  breakdowns,  and  the  like.  It  may  lead 
to  a  serious  underestimate  of  the  cost  of  work.  On  the  other  band, 
when  the  so-called  short  time  observation  Is  made  lonK  enouBb 
to  include  the  time  spent  In  necessary  rests.  In  moving  machines. 
In  repairs  to  plant,  and  the  like,  exceedingly  valuable  resuUs  may 
be  obtained.  When  it  Is  desired  to  find  whether  men  are  lazy, 
whether  a  foreman  knows  his  business,  whether  the  method  of  doing 
the  work  can  be  bettered,  or  whether  the  tool  or  machine  Is  sus- 
ceptible of  Improvement,  there  Is  no  method  to  be  compared  wltb 
the  method  of  timing  work  with  the  minute  hand  of  a  watch.  More- 
over, where  It  Is  desired  to  discover  the  effect  on  cost  of  varying 
the  length  of  haul,  of  varying  the  kind  of  rock  drilled,  and  the  like, 
timing  with  the  minute  hand  1b  the  only  satlafactory  way  o(  arriv- 
ing at  definite  conclusiona 

If  a  stop-watch  Is  not  available,  an  ordinary  watch  with  a 
second  hand  will  serve,  and  In  many  classes  of  work  even  the 
second  hand  can  be  dispensed  with.  An  exam;>le  will  now  he  given 
to  Illustrate  the  method  and  value  of  a  short  time  observation. 

Before  beginning  the  record,  set  the  minute  hand  so  that  It  points 
an  even  minute  when  the  second  hand  points  at  flO.  Suppose  It  la 
desired  to  time  the  drilling  of  a  hole  in  a.  seamy  mlca-schlst,  using 
a  steam  drill  mounted  on  a  tripod.  At  9:3T  a.  m.  the  driller  la 
set  up  and  ready  to  begin  drilling  a  hole  and  exactly  30  seconds 
later  he  turns  on  the  steam  ;   then  we  begin  our  record : 


8:37 

30 

Start. 

bIei 

20 

Down. 
Start 

0:03 

40 

Down. 

Start. 

D:09 

40 

Down. 

10 

Bit  sticks 
10:21:40    After  hammering  the  drill  repeatedly,  th 

rected  to  break  up  sotne  cast  Iron  and  tl 

drill  hole. 
10:32:30     Drilling  begin*  again. 
10:45:00     Hole  finished. 
11:15:10     New  hole  started. 
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It  wlU  be  meaa  that  diUlliix  ttartAd  at  S  :3T  :30,  and  that  at 
»;ll:tl>  tbe  fuU  lenKtb  of  the  feed  acrew  was  out.  and  that  to  drill 
futher  ft  new  bit  had  to  be  liuerted.  At  » :5i  -.za  the  new  bit  waa 
In  uid  drilling  t>egan  again,  after  a  delay  of  i  mlns.  In  changlDs 
UU.  At  10:00:40  the  aacond  bit  waa  down.  Each  aucceaalve  bit.  ll 
dwuld  be  *ta.ted,  la  naually  t  fL  lonKer  than  Ita  predeceaBor.  At 
10:14  :4a  the  bit  atlcka  In  the  hole  due  to  having  run  Into  a.  pocket 
Of  rotten  rock.  The  obaerrer  mlKht  readily  have  predicted  thta 
■UtAJnK  by  notlns  the  Increaaed  rapidity  of  penetration :  for  It  took 
nearly  11  mfua  to  drill  tbe  Brat  S  ft.  of  the  hole,  and  only  S  mine. 
to  drill  the  2  ft.  ]ust  prior  to  tbe  atlcklng.  After  woatlng  10  mlna 
abuainc  the  drill  the  driller  finally  removed  the  bit  (at  the  direc- 
tion of  the  obaerver),  broke  up  a  piece  of  caat-lron  pipe  Into  haiel 
nut  aUc4  and  threw  two  handluls  of  the  Iron  Into  the  bottom  of  the 
bole.  BrllllnK  waa  reaumed  at  10  :Si  :10,  and  the  laat  !  n.  were 
completed  at  10:46:00.  At  11:15:10  the  driller  atarted  another 
bol^  having  apent  more  than  30  mlna  ihlftlnK  the  tripod  and  drllL 

What  do  we  learn  from  thla  obaervatlon?  First  that  the  driller 
waa  alow  In  changlnK  blta ;  aecond,  that  be  waa  very  alow  In  ahUt- 
Ins  hia  tripod ;  third,  that  the  driller  wb«  Ignorant :  fourth,  that  the 
fiH«muui  waa  equally  ao ;  fifth,  that  froKCoenta  of  caat  Iron  com- 
pletety  orercome  atlclciOK  of  bits  in  thla  rock. 

We  know  that  the  driller  waa  alow,  becauae  other  almllar  obaer- 
ratlona  have  proved  It  posalble  to  change  abort  bits  In  much  leaa 
time  than  3  mins;,  and,  since  the  driller  has  an  easy  time  of  It 
while  turning  the  crank,  he  can  work  rapidly  without  exhausting 
hlmaeU  when  it  cornea  to  changlnK  blta  or  shifting  the  machine. 
W«  know  that  both  driller  and  foreman  were  Ignorant,  for  broken 
troD  tfiauld  have  t>een  provided  ready  to  use  in  case  of  sticking  of 
the  bIL  We  conclude  that  It  will  pay  to  assign  a  man  to  measure 
up  the  footage  of  hole  drilled  by  each  driller  every  day,  and  to  offer 
each  driller  a  bonus  for  every  foot  of  hole  drilled  In  exceaa  of  a 
atipulated  minimum. 

The  foregoing  la  a  record  of  tact  and  not  of  theory.  On  a  large 
contmct  Job  I  secured  an  Increase  of  16%  In  the  dally  (ootage  of 
each  drill  by  taking  Just  such  obaervatlona  as  the  above. 

I  have  found  It  of  great  advantage  to  time  In  detail  the  work  of 
cablewaya;  derrick^  ateam  shovela,  concrete  mixers,  dinkey  locomo- 
dvea,  pile  drlyers  and  other  machines  uaed  on  contract  work.  Even 
the  output  of  men  working  with  hand  toola  can  be  profitably  studied 
In  tbe  same  way.  The  number  of  shovelfuls  of  earth  may  be  timed 
under  different  conditions,  with  a  view  to  ascertaining  the  effect  of 
changed  conditlona,  and  the  effect  of  using  larger  ahovela.  How- 
ever, the  greatest  gains  from  minute-hand  timing  occur  when  It  la 
applied  to  machines  operated  by  power  rather  than  to  hand  work. 

It  la  desirable  In  nearly  all  casea  not  to  let  the  workmen  know 
that  they  are  being  timed.  When  men  are  working  in  the  open  air, 
an  observer  can  often  uae  the  teleacope  of  a  traualt  or  a  pair  of 
neld  glaases  to  food  advantage,  ii  shop  work,  or  underground, 
where  tbe  obaerver  mi»t  be  near  tbe  men,  a  co 
timing  any  detail  of  wmk  la  br  counting.     One  c 
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count  with  regularity,  and  thui  diqwnsa  with  a  Beeond  or  mitral* 
band.  Other  methoda  of  aecertalnlDK  the  time  o(  doing  woric  with- 
out being  oI>Berved  will  occur  to  «liron«  who  glva*  thought  to  the 


SECTION  II. 

EARTH   EXCAVATION. 

Havnltud*  of  th*  SubjMtr—Probably  do  kind  of  enclneerlnK  work 
liiT0l*ea  sa  many  varyloK  facti>rs  as  earth  excavatioii.  Nat  only  !■ 
then  a  wide  ranse  of  cUiaea  o(  •artha  bat  the  tools  for  eKcavatlon 
are  almost  aa  varied  aa  the  condltloaa  eocounterad.  Taken  aa  a 
wbolc^  accutate  aatlmaUnK  of  the  coat  of  earthwork  ia  probablr 
more  dtlHcult  than  eatimatliic  the  coat  of  any  other  Item  of  con* 
Mnjctlon  dlacoaaed.  In  thia  book.  Havlnc  already  written  one  book 
on  earthwork,  and.  havinx  andtber  and  much  larver  treatla*  In 
prqiaiatlon,  I  shall  give  In  thla  aectlon  only  the  very  brtefeat  aun- 
mary  of  aome  of  the  commoner  methoda  of  earth  excavation  and 

In  other  aecttona 
on    earthwork,    for 

Earth." 

Earth  Meaeurement,— Earthwork  la  oald  tor  by  the  cubic  yard, 
and  la  naoally  meaaured  "In  place,"  that  la,  In  the  natural  bank 
or  i>lt  botare  tt  baa  been  looaened.  Tfae  nrlce  paid  uauolly  Includes 
the  excavating,  haullns  and  placing  the  earth  In  the  embankment, 
and  no  extra  price  la  paid  for  making  the  embankment — In  other 
worda,  th«  earth  la  paid  for  but  once.  Occaatonally,  In  dike  work. 
In  bulIdlDK  reservoir  embankments,  and  wherever  It  la  very  dllBcult 
to  meaaure  the  earth  In  place,  It  le  speclfled  that  the  earth  shall  be 
measured  In  the  consolidated  embankment.  However,  unless  other- 
wlae  atated,  all  coats  given  In  this  book  rater  to  measurementa  of 
earth  In  place. 

Ifany  apedflcatlons  for  railroad  work  contain  an  "overhaul 
elauaet"  which  provides  that  for  all  earth  hauled  more  than  a  cer- 
tain specified  limit,  the  contractor  shall  be  paid  a  certain  amount 
per  cubic  yard,  naually  I  ct.  per  cu.  yd.  per  100  ft  overhaul.  The 
ipecifled  limit  of  "free  haul"  Is  sometimes  1,000  ft.,  sometimes  BOO 
fL  Even  in  case  of  an  overhaul,  no  additional  payment  Is  made 
for  bulldlnK  the  embankment,  but  only  for  the  overhaul. 

Esf-tti  Shrinkage. — E^artfa  when  first  loosened  and  shoveled  Into  a 
wacon  swells;  that  Is,  It  occupies  more  atace  than  It  did  "in  place"  ; 
but,  when  placed  In  an  embankment  and  rolled  or  pounded  down, 
it  akrlnkB,  and  this  dirinkase  Is  often  so  great  that  the  earth  occu- 
pies less  apace  in  the  embankment  than  It  did  "In  place."  The  tol- 
lowinc  la  a  aummoj-y.  tuLsed  upon  data  of  actual  tests  given  In  ror 
book  aa  earthwork: 

es,  earth  swells  when  first  loosened  with 

lis 
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a  Bhovel,  ao  that  after  looBenlng  It  occupies  1 1/7  to  1 W  time*  M 
much  qiace  lUP  It  did  before  loownlnK;  Id  other  words,  looM  earth 
■■  14%  to  S0%  more  bulky  than  natural  b&nk  earth. 

3.  As  an  average,  we  may  sar  that  clean  sand  and  gravel  awell 
1/7,  or  U%  to  1B%;  loam,  loamy  sand  or  gravel  awell  1/B,  or  20%; 
dense  clay,  and  denao  mtxturea  of  gravel  and  clay.  ^  to  ^,  or  33% 
to  B0%,  ordinarily  about  16% ;  while  unusually  dense  gravel  and 
clay  banks  swell  50%. 

3.  Loose  earth  Is  cDmi>acteiI  by  eaveral  means;  (a)  the  puddling 
action  of  water,  (b)  the  pounding  of  hoots  and  wheels,  (c)  the 
Jarring  and  compresstve  action  of  rolling  artificially. 

4.  If  the  puddling  action  of  rains  Is  the  only  factor,  a.  loose 
tnaas  of  earth  will  shrink  slowly  back  to  Its  original  volume,  but 
an  embftnlement  of  loose  earth  will  at  the  end  of  a  year  be  still 
about  1/tZ,  or  8%,  greater  than  the  cut  It  came  from. 

E.  If  the  embankment  Is  made  with  small  one-horse  carts,  Or 
wheel  scrapers,  at  the  end  of  the  work  it  will  occupy  G  to  10% 
less  space  than  the  cut  from  which  the  earth  was  taken,  and  In  sub- 
sequent j'ears  will  shrink  about  3%  more,  often  less  than  2%. 

0.  If  the  embankment  Is  made  wltb  wagons  or  dump  cars,  and 
mads  rapidly  Id  dry  weather  without  water,  It  will  shrink  about 
SVd  to  10%  In  the  year  following  the  completion  of  the  work,  and 
very   little   In   subsequent   years. 

7.  The  height  of  the  embankment  appears  to  have  little  effect 
on   Its  subsequent  shrinkage. 

9.  By  the  proper  mixing  of  clay  or  loam  and  gravel,  followM 
by  sprinkling  and  rolling  In  thin  layers,  a  bank  can  be  made  weigh- 
ing 1%  times  as  much  as  loose  earth,  or  133  lbs.  per  cu,  ft 

>.  The  bottoms  ol  certain  rivers,  banits  of  cemented  gravel,  and 
hardpan,  are  more  than  ordinarily  dense,  and  will  occupy  more 
space  In  the  All  than  In  the  cut  unless  rolled. 

Kinds  Qf  Esrth.— Earth  may  be  divided  Into  three  cUsses  as  re- 
gards difflcuity  of  excavation:  (1)  Easy  earth;  (2)  average  earth; 
and  <3)  tough  earth.  To  the  first  class  belong  loam,  aand,  and 
ordinary  gravel,  which  require  little  or  no  picking  to  loosen  ready 
for  shoveling.  To  the  second  ciasa  belong  sands  and  gravels  Im- 
pregnated with  an  amount  of  clay  or  loam  that  binds  the  particles 
together,  making  It  necessary  to  use  a  pick  or  a  plow  drawn  by  two 
horses  to  loosen  the  earth  before  shoveling.  To  the  third  class  be- 
long the  compact  clays,  the  hardened  crusts  of  old  roads,  and  all 
earths  ao  hard  that  one  team  of  horses  can  pull  a  plow  tbrougli 
the  earth  only  with  greatest  difficulty,  but  that  two  teams  o(  horsss 
on  one  plow  can  loosen  with  comparative  ease. 

This  third  class  of  earth  passes  by  Insensible  degrees  Into  what 
is  called  "hardpan."  Hardpan  commonly  means  a  very  compact 
clay,  or  mixture  of  gravel  or  boulders  with  clay.  Soft  shales  that 
can  be  plowed  with  a  rooter  plow  are  sometimes  called  hardpao. 
There  are  also  certain  gravels  cemented  with  an  Iron  oxide  (Iron 
rust)   which  are  called  hardpan. 

There  are  many  local  names  applied  to  different  kinds  of  earth. 
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'Adobe"  ta  a  name  much  used  In  Texas,  Arizona,  Calltomla  and 
tod  Qelcfaborlng  statea  to  denote  any  claf  o(  nblch  mud  bricks, 
or  adobee,  might  be  made.  "Gumbo"  It  a  word  used  In  the  M'»- 
rintppl  Valley  to  denote  a  black  loam  contiilnlnK  bo  much  clay  as  to 
be  eiceedini^  sticky  when  vet.  "Marl"  1b,  strictly  speaking,  a  mix- 
ture of  clay  and  pulverized  limestone,  but  the  term  Is  often  applied 
to  clxty  Bails  containing  only  1%  to  2%  at  limestone  duet,  as,  for  ex- 
Unple,  the  greensand  marls  of  New  Jersey.  There  are  many  local 
deposits  of  disintegrated  minerals,  which,  when  soapy  in  texture, 
tre  often  called  marl.  In  some  cases  these  deposits  are  so  creasy 
that,  when  saturated  with  water,  Blides  and  cave-ins  occur  when  an 
attempt  Is  niada  to  excavate   them. 

Quicksand  la  a  term  applied  to  any  land,  or  sandy  material. 
Which  flows  like  molaBsea  when  the  sand  Is  saturated  with  water. 

In  this  book  the  rules  for  estlmatlnB  costs,  unless  otherwise 
staled,  relate  to  "avemKe  earth,"  as  above  deflned. 

Dsflnltlons  of  Haul  and  Lssd— "Lead"  is  a  term  used  to  denote 
the  horizontal  distance  In  a  stralsht  line  from  the  center  of  mass 
of  the  pit  to  the  center  of  mass  of  the  dump.  The  pit.  In  this  case, 
raters  to  the  volume  of  earth  to  be  excavated,  and  the  dump  refers 
to  the  embankment-  The  "lead"  does  not  Include  the  distance  actU' 
ally  traveled.  Including  turnouts,  etc.,  from  pit  to  dump  ;  this  actual 
distance  traveled  by  the  cars  or  wagons  Is  called  the  "haul."  The 
"^taul"  !■  then  half  the  distance  traveled  by  a,  car  or  wagon  In 
uaking  a  round  trip. 

Work  of  Teams.— A  "team."  as  used  In  this  book,  means  a  pair 
of  horaes  and  their  driver.  Even  where  the  word  driver  is  omitted 
tn  speaking  of  the  cost  of  team  work,  the  wages  of  the  driver  are 
sJways  Included  under  the  word  "team." 

A  good  average  team  la  capable  of  traveling  20  miles  In  10  bra, 
going  10  miles  loaded  and  returning  10  miles  empty,  over  (olrly 
hard  earth  roads.  If  the  team  Is  traveling  constantly  over  soft 
grouDd,  15  miles  Is  a  good  day's  work.  On  the  other  hand.  If  the 
team  is  traveling  over  good  gravel  or  macadam  roads,  or  paved 
streets,  It  la  possible  to  average  35  miles  per  10-hr.  day.  These 
rates  Include  the  occasional  stops  made  tor  rests,  etc..  and  Include 
the  cUmbtng  of  an  occasional  hllL 

When  traveling  at  the  rate  of  2%  miles  an  hour,  which  Is  the  or- 
dinary walking  gait  of  horses,  the  distance  covered  in  1  min.  Is  220 
ft.  Over  good  hard  roads  a  team  may  trot  with  an  empty  wagon 
■t  the  rate  o(  G  miles  per  hr.,  and  thus  make  up  for  delays  In  load- 
ing and  unloading,  so  as  to  cover  the  full  20  miles  of  dally  work; 
but  over  soft  ground  a  team  should  not  trot. 

The  loads  that  a  team  can  haul  <ln  addition  to  the  weight  of 
the  wagon)  over  different  kinds  of  roads  are  as  follows: 

Earth. 
Short  tona      cu.  yda 

Very  poor  earth  road 1.0  O.g 

Poor   earth   road 1.2B  1.0 

Oood  hard  earth  rood .    2.0  l.< 

Good   clean   macadam  road 3.0  Z.4 

It  la  not  possible  to  haul  much  greater  loads  over  an  asphalt  or 


122  HANDBOOK  OF  COST  DATA. 

bHck  pavmnent  than  over  a  flrM-claaa,  clean  macadam.  On  all 
the  kinds  of  roads  to  which  the  above  averages  apply,  there  may  ba 
occasional  steep  grades  to  ascend,  and  occasEonal  bad  spots  to  pass 

Th«  pulling  power  of  a  horse  averages  about  one-tenth  of  hi* 
weight  when  exerted  steadily  for  10  hra. ;  that  la.  a  l,Z0O-lb.  horse 
will  eiert  an  average  pull  of  ISO  lbs.  on  the  traces.  But  for  a  short 
space  of  time  the  horse  can  exert  a  pull  (If  be  has  a  good  foot- 
hold) equal  to  about  (our-tenths  his  weight,  that  Isi  four  times 
his  average  all-day  pull.  ThlB  I  have  tested  with  teams,  not  ontr 
In  ascending  steep  grades  but  In  lifting  the  hammer  of  a.  horss- 
operated  pile  driver. 

Where  teams  are  traveling  long  distances,  it  Is  customary  to  have 
two  wagons  keep  together,  so  that  one  team  can  help  the  other  up 
a  steep  hill  by  acting  as  a  "snatch  team."  A  "snatch  team."  or 
helping  team,  may  often  be  kept  busy  to  advantage  In  pulling  heav- 
ily loaded  teams  out  of  a  pit.  or  onto  a  soft  embankment,  or  up  a. 
steep  grade.  Three-horse  snatch  teams  are  frequently  used.  A. 
small  hoisting  engine  may  replace  a  snatch  team  to  advantage  in 
many  placea  By  laying  channel  Irons  for  rails  up  a  steep  hill, 
and  having  a  hoisting  engine  at  the  top,  very  heavy  loads  can  ba 
assisted  over  bad  roada  In  this  case,  a  boy  mounted  on  a  pony  can 
drag  the  hoisting  rope  back  to  the  foot  of  the  hilt  ready  for  the  next 
team.  Plank  roads  can  often  be  built  to  advantage  for  short  dis- 
tances up  steep  grades,  or  over  bad  spota 

In  the  far  West  It  Is  customary  for  three  or  more  teams  to  be 
hitched  to  a  train  of  two  or  more  wagons ;  and,  when  a  steep  hill 
Is  to  be  ascended,  to  haul  one  wagon  up  at  a  time.  This  saves 
wages  of  drivera 

In  the  last  section  o(  this  book.  Miscellaneous  Costs,  will  be  found 
further  suggestions  on  hauling  with  teams,  also  costs  of  feeding 
and  maintaining  teama     Consult  the  Index  under  Hauling,  Teama 

Cost  Of  plowing — A  team  on  a  plow  will  loosen  &O0  cu.  yds.  of 
loam,  or  350  cu.  yda  of  loamy  gravel,  or  2G0  cu,  yda  of  fairly 
tough  clay,  per  10-hr.  day.  For  "average  earth,"  therefore  assume 
StO  cu.  yda  per  day  loosened  by  a  team  and  driver  and  one  man 
holding  plow.  With  wages  at  13.60  for  team  and  driver,  and 
tl.GO  for  laborer,  the  oast  of  plowing  average  earth  Is  IK  cts.  per 

In  plowing  very  tough  material  with  a  pick-pointed  plow,  four 
horses  and  three  men.  estimate  ISO  cu.  yda  plowed  per  day  at  * 
cost  of  B  cts.  per  cu.  yd. 

For  tough  material  there  has  recently  been  developed  a  "gans 
plow"  of  remarkable  effldency.  It  consists  of  a  framework  mount- 
ed on  four  small  wheels,  and  equipped  with  Ave  rooters  or  plowi. 
Theae  plows  can  be  outckly  set,  by  means  of  levers,  to  plow  or  cut 
to  any  desired  depth.  From  6  to  12  horses,  or  a  traction  engine, 
pull  ths  gang  plow,  and  it  cuts  Ave  furrows  at  ones,  'nils  gang 
plow  Is  made  by  the  Petrolithlc  Pavement  Co.,  IjOs  Angelas  Callt 

Cost  of  Picking  and  Shovallng. — WbsD  mge»  ara  |1.U  par  lO-hr. 
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tu,  tka  ooat  of  .looMDolnir  rartb  wltti  a  pl<!k  (liut«ful  of  k  plow) 
ruKB*  from  I  ct-  per  cu.  yd.  for  very  ea>r  earth,  to  11  eta  per  en. 
jd.  for  ver7  stUt  clar  or  eamented  gravel ;  for  "av«rac9  eartb"  tlw 
CEWt  of  pIcMag  la  about  4  Cts.  per  cu.  yd. 

na  cost  of  looaenlDK  wltb  a  pick  and  ahoveliny  Into  wagOD*  la 
u  bdlow^  wasea  being  15  eta  per  br. ; 

ParciLyl 

Eiaay  earth,  llgfat  aaad  or  lootn 12  eta. 

Ava«sB   earth    IE  eta 

TooKh  ciaj   aOeta 

Bardpan    iO  eta. 

Tlw  amguiit  of  earth  that  a  man  can  load  with  a  ahovet  vaHea 
*ith  the  character  of  tba  earth,  the  way  It  haa  been  looaaned,  the 
rite  BDd  iliape  of  the  shovel,  etc  If  a  man  la  shovelins  earth  from 
the  face  of  a  cut  that  has  been  undermined  and  broken  down  with 
Hck^  he  can  readily  load  IS  cu.  yda  per  lO-br.  day,  after  the  earth 
l>a  been  looaened.  If  he  IB  ahovellnf  plowed  earth,  where  he  muat 
DM  more  force  In  diivlntc  the  shovel  into  the  Bol],  he  will  eoatly  load 
11  cu.  yda  of  average  earth  In  10  hrn.  If  he  la  ehovellDK  looae 
*arth  oil  boards  upon  which  It  hai  been  dumped,  he  can  load  It 
ea  yda  in  10  hrs.,  but  It  la  not  wise  to  count  on  more  than  SO 
CO.  yda  oven  under  good  foremanahlp. 

For  data  on  the  coat  of  trenching,  the  reader  is  referred  to  the 
nctlona  on  Bewera  and  on  Water-worka.  Conault  the  Index  under 
■Excavating,  Trenchea" 

Coat  of  Trimming,  Rolling,  Etc. — After  earth  haa  been  dumped 
from  carta  or  wagons,  a  man  will  vread  In  8-ln.  layers  by  liaod  16 
CO.  yda.  in  10  hra.,  at  a  cost  of  i  eta  per  cu.  yd.  A  leveling  scraper, 
or  road  machine,  will  q>read  large  quantities  of  earth  tor  H  ct.  to 
K  cL  per  cu.  yd.  With  a  leveling  scraper  operated  by  a  team  and 
driver  and  a.  helper,  I  have  had  EDO  cu.  yda  spread  per  day.  A 
road  machine,  operated  by  8  horses  and  2  men.  will  spread  900  cu. 
yda  In  10  hrs.  In  6-ln.  layera.  earth  having  been  dumped  from 
patent  dump-wagona 

A  man  can  thoroughly  tamp  ZG  cu.  yds..  In  6-ln.  layera  per  10- 
hr.  day  at  6  cts.  per  cu.  yd.  Bmbankments  can  be  consolidated  With 
borse-drawn  rollers  for  i^  to  1  ct.  per  cu.  yd.,  wages  of  a  team 
Mag  |...i>0  a  day.  I  have  one  record  of  4  cts.  per  cu,  yd.  (at  the 
alMve  wages),  for  rolling  a.  reservoir  embankment,  but  the  work 
Waa  not  well  handled. 

The  cost  of  sprinkling  embankmenta.  IE  HpeclSed,  is  difficult  tA 
oUmaifl  because  of  the  vagueness  of  speciflcB^lona  However,  more 
than  S  cu.  ft.  o(  water  per  cu.  yd.  of  earth,  la  seldom  required. 

On  a  large  embankment  three  sprinkling  carts,  each  drawn  by 
three  teams;  with  one  driver,  sprinkled  1,000  cu,  yds.  of  ^.rth  per 
day  of  10  hrs.,  with  short  haul.  Such  carts  each  held  ISO  cu.  ft 
of  irater  weighing  4"4  tons,  which  Is  an  eiceedlngly  large  capacity. 
his  slse  can  be  loaded  from  a.  tank  In  16  mins.,  and 
same  length  of  time.  Knowing  the  length  of  haul 
am  the  cost  of  sprinkling  la  readily  determined.     Id 
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the  case  Just  elven  the  coBt  was  2U'ctii.  per  cu.  yd  of  earth  for 
sprinkling  and  about  6  cu.  ft.  of  water  per  cu.  yd.  were  used. 

From  Mveral  careful  obaervations  the  writer  has  found  that  a. 
eans  ot  men  under  a  eix"!  foreman  will  each  trim  the  >od  and 
humps  oO  the  hard  surface  ot  a  cut  to  the  depth  of  1  or  liS  Ina. 
at  tba  rate  of  200  sq.  ft  or  22  sq.  yda  per  hour,  at  a,  cost  of  Z/E  ct. 
per  sq.  yd. ;  and  where  there  was  no  sod  to  remove,  the  soil  being 
sandy  toam,  the  cost  was  one-half  as  much  or  ^  ct.  per  sq.  yd. 
MassachusettB  contractors  bid  almost  uniformly  2  %  cts.  a  nq.  yd. 
for  "surfacing"  (wagea  IT  cts.  per  hour),  which  Includes  rolllns 
the  flnlBhed   surface  wilh  steam  roller. 

A  roadway,  Including  ditches,  38  ft  wide  and  a  mile  long,  ha» 
21,000  sq.  yda  of  surface,  which  at  ^  ct  Is  1140,  actual  cost  o' 
trimming.  If  the  tolnl  excavation  In  a  mile  I*  S.GDO  cu.  yd* 
(which  Is  about  the  average  fn  N.  Y.  State),  tbe  coat  ot  trimming, 
distributed  over  this  3,500  cu.  yds..  Is  4  cts.  per  cu.  yd  of  eM-uva* 
tlon,  a  cost  much  greater  than  a  mere  guess  would  lead  one  to  sup* 

1  have  directed  the  scraping  of  a  light  growth  of  weeds  and  grastf 
Off  the  4-ft  shoulder  of  a  road  by  going  once  over  It  with  a  levellnf 
scraper,  at  a.  rale  ot  200  sq.  yds.  per  hour,  or  ten  times  faster  than 
a  man  with  a  mattock  would  have  done  It ;  making  the  actual  cost 
about  W  ct  per  sq.  yd  where  the  team,  driver  and  helpers'  wages 
were  60  cts.  per  hour. 

Cost  of  Whesibsrrow  Work.— A  man  wheeling  a  barrow  over  run- 
plank  can  not  be  counted  on  to  travel  more  than  IB  mites  per  10- 
hr.  day.  If  the  runway  Is  level  u  load  of  300  Iba  or  more  may 
be  wheeled  In  a  barrow,  but  It  Is  not  safe  to  count  upon  more 
than  2S0  Iba,  or  1/10  cu.  yd.  of  earth.  This  Is  for  good  level  run- 
ways, but,  as  most  wheelbarrow  work  Involves  ascending  steep 
grades,  estimate  1/14  to  1/16  cu.  yd.  per  barrow  load.  With  wages 
at  15  eta  per  hr..  the  cost  of  wheeling  earth  In  barrows  Is,  there- 
fore, G  cts.  per  cu.  yd,  per  100  ft.  of  haul,  the  haul  being  the  dis- 
tance from  pit  to  dump.  If  the  runways  were  level,  and  tbe  men 
worked  hard,  the  cost  might  be  reduced  to  3  cts.  per  cu.  yd.  per  lOO 

The  cost  of  picking  and  loading  has  already  been  given,  and 
may  bo  assumed  to  be  15.  eta  per  cu.  yd.  A  wheelbarrow  la 
dumped  In  about  Vi  min..  which  Is  equivalent  to  a  loss  of  nearly  4 
rolos;  per  cu,  yd,,  where  15  barrow  loads  make  a  yard:  and  this 
la  equivalent  to  1  ct  per  cu.  yd.  for  dumping  the  barrows.  The 
time  lost  In  changing  barrows,  etc.,  may  easily  add  another  I  ct 
per  cu.  yd  The  rule  tor  estimating  the  cost  of  loosening,  loading 
and  hauling  average  earth  In  barrows  Is  ae  follows  When  wages 
ore  15  cts.  per  hr. : 

Rule  I. — To  a  fixed  coit  of  IT  da.  per  cu.  yd.,  add  6  o(«.  p?r  otk  vd 
per  100  ft.  haul,  tehtn  steep  ascents  iniMl  bt  Titadt,  or  ty^  eti. 
per  100  ft.  when  level. 

Cost  by  One-Horse  Csrtt.— Small  two-wheeled  carts  drawn  by 
one  horae  are  often  used  tm  railway  work.  If  the  haul  la  level  or 
■lW>tly  down  hill  and  over  a  w*«  compacted  embankinent,  a  borse 
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wni  pun  0.8  cu.  yd.  i>er  load ;  but  wrer  poor  earth  roada  It  Is  not 
mie  to  count  upon  more  than  0.4  cu.  yd.  per  load.  If  there  are  any 
Keep  grades  to  ailcend.  On  short  hauls  of  30Q  ft.  or  leaa.  one 
driver  can  tend  to  two  carta  by  leading  one  to  the  dump  while  tho 
otbo'  la  iMtns  loaded.  A  sang  of  1  or  &  men  should  load  a  cart  with 
0.4  CO.  7d.  In  S  mlns.,  and  It  takes  about  1  roln.  to  dump  a  cart,  lo 
that  4  mlna.  Ot  cart  time  are  "lost"  every  round  trip.  If  the  wases 
of  B.  horae  ar«  |1  per  10-hr.  day,  and  the  waEea  of  a  driver  are 
tl.GD  a.  day,  the  wages  of  a  cart  and  half  a  driver  are  fl.TE  a  day. 
The  4  mtnB-  "lost  time"  is  therefore  equivalent  to  S  eta  per  cu.  yd. 
The  cost  of  plcklnK  and  ioadiaK  average  earth  Is  about  15  eta  per 
cu.  yd.,  aa  previously  given.  A  dumpman  can  easily  dump  a  cart 
load  a  minute,  where  he  haa  no  spreading  to  do ;  but  the  material 
It  seldcHii  delivered  fast  enough.  If  we  assume  lEO  cu.  yda  deliv- 
ered to  bim  In  carta  In  10  hra.  the  cost  is  1  ct.  per  cu.  yd.  for  dump- 
man'a  wages.  Hence  the  total  fixed  cost  may  be  aasumed  aa  IS  -<- 
1  +  1  cL,  or  IB  cts.  per  cu.  yd.  It  the  cart  load  Is  0.4  cu.  yd.,  and 
wages  are  as  above  given,  we  have  the  following  rule: 

Bule  II. — To  a  Hxed  coal  of  10  ct*.  per  ru.  yd-  Odd  %  el.  per  cu. 
pd.  per  100  ft.  ot  koul. 

If  the  material  Is  plowed,  and  Is  shoveled  easily,  the  fixed  cost 
may  become  14  eta  per  cu.  yd  Instead  ol  19  cCa 

If  the  haul  la  long,  one  driver  may  still  attend  to  two  carta  by 
taking  them  both  together  to  the  dump.  There  are  dccbsIoob,  how- 
ever, when  one  driver  attends  to  only  one  cart ;  In  such  cases  the 
cost  of  hauling  Is  1  ct  per  cu.  yd  per  100  ft 

In  cities,  where  the  carta  travel  over  hard  earth  or  gravel  roads; 
a  cart  carrying  %  cu.  yd.  may  be  used.  The  cost  of  hauling  Is,  then. 
Vi  ct.  per  cu.  yd.  per  100  ft.  haul,  wages  of  cart  and  driver  being 

Coat  by  Wsoons.— There  are  three  typei  of  four-wheeled  wagons 
Gommonly  used  by  contractors:  (1)  The  alat-bottom  wagon;  (£) 
tbs  bottom-dump  wagon;  and  (3)  the  end-dump  wagon.  Any 
farmer's  wagon  can  be  made  Into  a  slat-bottom  wagon  by  remov- 
ing the  wagon  box  and  replacing  tt  with  "slats"  of  3  x  S-Id.  sticks 
for  a  bottom,  and  2  x  12-ln.,  or  2  x  Ifl-ln.,  planks  for  Sides  and  enda 
The  bottom-dump,  or  "patent  dump-wagon,"  haa  a  bottom  consist- 
ing of  two  doors  that  swing  downward  In  dumping. 

The  end-dump  wagon  dumps  tiackward  like  a  two-wheeled  cart. 
The  best  makes  at  thia  type  of  wagon  are  provided  with  a  geared 
device  by  which  the  dump-man  elides  the  wagon  box  bodily  back- 
ward over  the  axle  of  the  rear  wheels  until  It  tips  and  dumps  its 
hnd. 

The  loada  that  are  commonly  hauled  In  a  wagon  by  one  team  are 
glvm  on  page  121. 

To  reduce  the  lost  time  In  loading  wagons  a  common  expedient 
la  to  provide  extra  wagons  which  are  loaded  while  the  teams  are  on 
the  road  to  and  from  the  dump.  A  team  can  be  changed  from  an 
Mnply  wagtm  to  a  loaded  wagon  In  1  to  1^  mina 

Three  horses  diotild  be  used  on  each  wagon  far  oftener  than  they 
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*r«  aaed  on  contract  work,  ob  nttxiy  fiO%  i 
hauled  per  load  Uiaii  wltb  two  hortwa.  in  the  far  Weat.  one  often 
aeea  two  teami  (four  liorna)  hitched  to  a  wason.  sven  on  Bbort 
luul  work. 

One  man  aided  by  the  driver  can  dump  a  alat-bottom  waaon  hold- 
Inx  D.B  cu.  yd.  Id  1^  iDlns.,  at  a  cost  of  0.4  cL  per  cu.  yd.  for 
tlie  dumproan'B  time  and  1  cl-  per  cu.  yd.  for  loat  time  of  team, 
wages  beluK  IG  eta  per  hr.  for  dumpman,  and  3E  eta  per  hr.  for 
the  team.  It  takes  S  mina  for  these  men  to  dump  a  larce  alat- 
bottom  wajcon  holding  m  cu.  yda,  where  the  driver  removes  the 
•eat  before  dumping  and  replaces  It  afterward.  So  that  In  either 
c**e  we  see  that  the  cost  of  dumping  la  about  1^  cts.  per  cu.  yd. 
If  a  binder  chain  la  wound  around  the  wagon  box  to  hold  the  slat* 
close  together  so  that  no  earth  will  spill  through  onto  a  street 
pavement.  It  takes  6  mIna  to  dump  the  wagon. 

The  time  required  to  dump  a  drop-bottom  wagon  Is  pr«ctlca]ly 
nominal,  and  the  driver  dumps  bis  own  wagon. 

It  takes  about  1  mJn.  tor  the  dumpman  and  driver  to  dump  an 
end-dump  wagon. 

In  loading  wagons  there  are  usually  enough  men  provided  In  the 
pit  to  load  1  cu.  yd.  Into  a  wttgon  in  4  or  G  mlna  or  less.  This  la 
equivalent  to  2%  to  S  eta  per  cu.  yd.  for  loat  team  time  In  the  pit, 
which,  added  to  the  lost  team  time  at  the  dump,  gives  us  about  t 
eta  per  cu.  yd.  where  alat-bottom  wagons  are  used.  The  coat  of 
the  dumpman's  time  will  never  be  much  less  than  ^  ct.  per  cu.  ydL : 
and.  If  the  material  Is  not  delivered  rapidly.  It  may  be  much  more. 

The  cost  of  excavating  and  loading  ha*  been  given  In  previous 
pagea  We  assume  this  ooat  to  average  13  eta  per  cu.  yd.,  where 
the  earth  la  plowed,  and  add  G  eta  for  lost  team  time  and  dump- 
ing, we  have  a  Bxed  cost  of  IB  eta  per  cu.  yd.  Then  the  coal  at 
hauling  will  depend  upon  the  alae  o(  the  load,  and,  assuming  wag«a 
of  team  at  S5  eta.  per  hr.,  and  ^leed  of  travel  I^  miles  an  hour 
while  actually  walking,  we  have  the  following  rule: 

Rule  ni.-~To  a  fixed  cott  ef  IB  at*,  per  cu.  j/d.,  add  U  ot.  p«r  cm. 
Ifd.  per  100  ft.  haul  wkaa  (As  teago*  load  Ja  1  cw.  yd. 

For  other  wagon  loads  use  the  following: 


Ijoad  being  0.8  cu.  yd.,  add 

Load  being  1.0  cu.  yd.,  add... 
Load  being  l.S  cu.  yd.,  add... 
lAad  being  2.0  cu.  yda,  add.. 
LiOad  being   £.4   cu.  yda,  add.. 


n«"""- 


G3ct. 
33  ot 


In  round  numi^ers,  therefore,  tor  a  load  o(  1  cu.  yd.  we  must  add 
H  ct  per  cu.  yd.  per  100  ft.  haul,  or  S8  eta  per  cu.  yd.  per  mile 
haul,  wagea  ot  team  being  3G  eta  per  hr. 

Coat  by  Drag  Scrapers.— A  drag  scraper,  or  slip  scraper.  Is  a 
steel  scoop,  not  mounted  on  wheels,  for  scooping  up  and  transport- 
ing earth  short  diatances.  and  Is  drawn  by  a  team.  The  ordinary 
No  2  drag  Bcraper  weighs  100  Iba,  and  la  Hated  in  catalogues  as 
holding  t  cu.  tt  of  earth.  The  actual  average  load,  however,  la 
about  1-9  to  1-7  cu.  yd.  place  measure. 

In  working  drag  scrapers  on  short  leads  there  are  usually  threa 
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taama  tTavelliiK  >»  b.  circle  or  elllpae  at  IGO  ft-  clrcumferance.  On* 
man  loads  the  •crapera  In  the  pit  aa  tbey  go  by,  end  sacb  driver 
dmnia  hia  own  acraper.  When  the  gBXig  Is  wotIcIdk  properljr,  (be 
actonl  epeed  at  the  teama  la  IK  miles  an  hanr,  or  ZZO  ft.  per  mtn., 
while  actually  walking :  and  the  "loet  time"  in  loadlnc  and  duinp- 
hiK  I*  H  to  H  mlQ.  per  trip,  or,  say,  1^  mine,  per  cu.  yd.,  which 
la  eoDlvalent  to  t  eta.  per  cu.  yd.  for  loat  team  time  when  team 
wa«ea  are  3S  eta.  per  hr.  The  man  loading  can  readily  load  1,S00 
Krapera  per  day,  or.  aay.  ISO  cu.  yda,  ao  that  the  coat  ot  load- 
Ins  IB  about  %  ct.  per  cu.  yd.  The  cost  of  plowlnr  (see  pace  Hi) 
will  average  1'^  ctx.  per  cu.  yd.  As  above  stated,  the  teanu  travd 
In  a.  circle,  and,  no  matter  how  short  the  "lead,"  room  must  be 
•Uowad  for  turning:  and  manoeuverlnK  the  teams :  this  room  1* 
mpproKlmately  SO  n.  at  each  and  of  the  haul,  n  that  we  have  100 
It.  o(  extra  travel,  or  nearly  H  mfo.  of  time  for  each  trip.  In 
addition  to  the  "lead."  This  y,  min.  adda  another  Z  cts.  per  cu. 
[  up,  we  have  the  following  fljced  cost,  exclusive  of 


Biti^  travel  of  team  In  turning,  etc 2      eta. 

Total  tUed  cost 6U  cts. 

If  the  average  load  la  1-7  cu.  yd.,  hauled  at  a  speed  of  220  ft 
per  mln.,  the  cost  of  hauling  Is  44  cts.  per  cU.  rd.  per  100  (t.  ot 
*lead."  Note  that  this  'Head"  Is  measured  on  a  straight  line  from 
center  of  pit  to  center  of  dump.  The  rule,  then,  Is  as  follows  tor 
"averase  earth"  when  team  wages  are  IE  eta  per  hr. : 

Bale  IV. — To  a  fix«d  eott  o/  B^  oti.  per  ou.  yd.  add  iVk  eta. 
r«r  CM.  tfd.  pn-  too  ft.  of  "lead." 

Thla  la  approximately  equivalent  to  1  ct.  added  for  each  26  ft 
of  "lead."  Thus;  U  the  "lead"  la  2G  ft.  (he  cost  of  drag  scraper 
work  i«  614  -1- 1.  or  Ti4  cts.  per  cu.  yd. 

The  cost  ot  foreman's  wages  Is  ordinarily  about  K  ct.  per  cu. 
rd..  and  wear  on  scrapers;  etc.  will  add  another  H  ct  per  cu.  yd. 

The  cost  of  excavating  and  hauling  fairly  stilt  clay  may  eaally 
be  lIHb  more  tha9  the  above  costs  for  "average  earth." 

Cost  by  Wheal  Scrapers. — The  wheel  scraper  Is  a  development 
of  ibe  drag  scraper,  being  a  steel  scoop  law  hung  between  two 
wheel*    The  following  are  conmion  slies  of  wheelers ; 

CapacI  ty, 

Weight,  I^lsCed.      Actual  Strudc 

Iba  cu.  Ct,      Measure,  cu.  ft 

Ha.   1    3<0  -160  9—10  7W— 8 

So.   1    *7B— BOO  12—13  S% 

Ho.    Hi BTS  14  1? 

NO.   I    , 626—800  11— n  IE ^i 

Tbe  "listed"  capacity  Is  the  capacity  given  in  cataloga  The 
"actnal  atruck  measure"  capacity  Is  the  exact  contents  of  the  bowl 
*h«a  level  full  of  loose  earth,  and  It  should  be  remembered  that 
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Ing. 

Large  nh«e1era,  even  In  ligfat  aolls,  and  amall  wheelera  In  touxh 
Bolla,  Heldom  leave  the  pic  Cull  at  earth,  but  at  the  back  end  o(  the 
bowl  there  Is  uaually  a  wedge-shaped  unfllled  Bpaue.'  1  have  found 
the  averags  load,   "place    measure,"    carried    by    wheelers    Is     a« 

No.   1    1/6  cu.  yd. 

No.   2    14  eu.  yd. 

No.    Hi    ycuyd. 

No.    S    4/10  cu.  yd. 

A  anatch  team,  to  assist  In  loading.  Is  generally  usod  with  a.  No. 
3  wheeler,  and  always  with  a.  No.  3  wheeter. 

On  loDg  haulB  It  Is  advisable  to  have  men  with  ihovels  to  heap 
the  bowi  full  of  earth,  using  a.  front  gate  on  the  wheeler  to  prevent 
loss  of  material  In  transit 

The  llghteHt  No.  1  wheelers  made  are  to  be  recommended  where 
leads  are  very  short  and  rises  steep,  that  Is.  wherever  drag  scrapers 
are  ordinarily  used,  for  they  move  earth  more  economically  than 
drags.  Where  soil  Is  very  stony,  or  full  of  roots,  drag  acrapers 
are  to  be  preferred,  since  they  are  more  easily  and  quickly  loaded 
under  such  conditions.  With  wheelers,  as  with  drag  scrapers,  add 
SO  ft.  to  the  actual  "lead"'  for  turning  and  maneuvering  the  teams, 
equivalent  to  half  minute  oC  team  time  each  trip.  Another  half 
minute  la  lost  in  loading  and  dumping. 

The  tixei  costs  for  the  three  common  sizes  of  wheelers  are  as 
follows  for  "average  earth,"  when  wages  are   IS  cts.  per  hr.  for 
laborer  and  IS  ct*.  per  br.  for  team  (with  driver)  ; 
— C 
No.  1 

Extra  travel  of  team  In  turning,  etc.. 

Snatch  team 

Wages  ol  man  dumping 

Total,  cts.  per  cu.  yd E.3  t.t  t,8 

Siie  of  load  hauled,  eu.   yda 1/6      ■       %  «/10 

A  snatch  team  Is  usually  used  with  Na  i  wheelers,  and  In  riiort- 
haul  work  there  is  usually  a  dump  man  also. 

In  easy  aojia,  I  have  had  one  snatch  team  assist  in  loading  300 
cu.  yds.  per  day,  so  that  this  Item  may  be  less  than  above 
estimated ;  and  under  the  same  conditions  another  \i  ct  per  cu. 
yd.  or  more  may  be  saved  In  wages  o(  men  loading  and  dumping. 
There  are  usually  two  men  required  to  load  a  No.  3  wheeler,  which 
s  for  the  higher  cost  of  this  item  In  the  No.  )  colunn. 
cost  of  wheeler   work,   based   upon   the  foregoing  data,   is 

v.— To   a   /lied   eoat   of   iM    c».   per  eu.    »d.   for   Ko.   I 
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akeelers,  or  Ct4  eta.  tor  Wo.  2  vheeitn,  or  t\  iH».  t<*^  Wo.  i 
«k«elera,  odd  (Jle  /ollouloff  per  nt  i/d.  prr  100  ft.  of  "lead": 
1\  et».  for  No.  1  lOfcesIer.;  or  2  1/B  c(b.  /or  Wo.  2  wftecler*;  or  1% 
ot*.  for  No.  3  tcheelera. 

The  cost  of  fcjTeina.n'B  WAgtia  and  repair  of  whe^lera  will  add 
about  1  ct.  more  per  cu.  rd. 

It  the  "lead"  Ib  GO  rt.  and  No.  1  wheelers  are  used,  the  coat  la 
SH  eta.  +  (U  X  Z%  cts.),  or  e.7  cts,  per  cu.  yd.,  exclusive  of 
foreman' a   wasrea 

Com  t>y  Freano  Scrapara.— The  ordinary  four-horse  treano 
Bcraper  has  a  bowl  13  Ins.  high.  IB. Ins.  wide  and  i  ft.  long.  sIvlnB 
a  Btruck  measure  c^iaclty  of  slightly  more  than  8  cu.  ft. ;  but  In 
almoat  any  aoU,  except  dry,  running  sand,  the  earth  will  heap  up 
■  or  8  Ina.  above  the  top  ot  the  bowl,  and  will  extend  quite  a 
diatance  beyond  the  front  of  the  bowl.  One  carefully  meaaured 
ti«ano  load  of  clayey  earth  contained  IS  cu.  ft.  of  looiie  earth. 
wUch  compacted  to  ISH  cu.  ft.  when  rammed  In  1-in.  layers  In  a. 
box.  Several  other  large  loada  gave  almost  the  same  resulta  after 
betnc  hauled  100  ft.  over  a  level  road. 

Hr.  Geo.  J.  Bpecht  hai  stated  that  on  a  down  hill  haul,  loada  will 
average  SS  cu.  ft.  and  occasionally  run  as  high  aa  H  cu.  tt  How- 
ever, this  could  only  occur  with  light,  damp  soil  and  on  a  down  hill 
pull  where  much  material  could  be  drifted  ahead  of  the  freano 
■eraper.     I  have  never  measured  any  loads  of  that  alie. 

On  level  haul^  or  on  iiphlll  pulls.  It  la  not  ordinarily  safe  to 
count  an  more  than  K  cu.  yd.  (measured  In  cut)  per  load, 
sltboUKh  under  favorable  conditions  the  average  load  may  be  2S  to 
C8  per  cent  greater,  while  under  unfavorable  condltlona  It  may  be 
tt  per  cent  leas. 

It  the  delays  In  loading  and  dumping  are  excluded,  the  team  ran 
Iw  counted  upon  to  travsl  about  200  ft.  per  minute.  It  requlrea 
some  room  tn  which  to  maneuver  scrapera  of  any  kind,  no  matter 
what  method  of  hauling  the  teams  la  adopted.  Hence  one  muat  not 
measure  the  average  diatance  In  a  atralght  line  from  center  of 
the  cut  to  the  center  of  the  Btl,  and  call  that  the  average  haul. 
for  that  la  the  average  "lead,"  which  la  conalderably  ahorter 
than  the  actual  hauL 

When  the  dally  wage  of  a  driver  la  tl.it  and  that  of  each  of 
the  four  horaea  la  fl,  a  total  of  |E.GO  per  freano,  the  following 
mlB  will  give  the  average  coat  of  freano  work,  not  Including  plow- 
Ins,    trhnmlng   or    supervision. 

Bale  VI. — To  a  fiiitd  co*t  of  G  ct*.  per  cu.  yd.  add  1  %  ct*.  per 
100  ft.  of  "Uad." 

The  fixed  coat  of  B  eta.  Includee  traveling  the  extra  diatance  In 
isadhiK  etc.,  the  slower  speed  In  loading,  the  shifting  ot  the  gang 
to  newly  plowed  ground,  etc.,  and  It  Includes  1  ct  for  plowing  the 
BUth.  The  hauling  cost  of  IS  cla  per  100  ft.  Is  based  upon  a  trav- 
•Ung  qieed  of  20O  ft.  per  minute  (when  not  delayed  by  loading. 
)   and  upon  the  asaumptlon  that  the  average  load  Is 
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I  have  DGver  meat 
far  as  400  ft,  and  I 
tnat  dlataJicfl  would 


Y  fresno  loads  that  had  b«en  hauled  aa 
/ery  much  whether  treano  toads  hauled 
as  much  as  K  cu.  yd.,  due  ta  the  loss 


If  the  soil  Is  not  of  a  kind  that  heaps  up  and  drifts  well  Id  front 
3f  the  tresno.  the  average  load  will  probably  not  exceed  9  cu.  ft. 
ar  K  cu.  yd.,  particularly  on  Ions  haul*.     In  which  cas«  the  rule 


Rule  Til. — To  a  Hxtd  coat  ot  G  cti.  per  cv.  vA.  add  2%  cit.  for 
•och  100  /(,  o!  "lead." 

Then,  for  a  800-tt.  'lead"  the  cost  would  be  5  +  (S  X  Z%>,  or  21 
cto.  per  cu.  yd.  This  checks  very  closely  with  tti.  Walter  N.  Frlck- 
atad'B  data  for  a  600-ft.  haul  with  freanoa.  aa  given  In  SHgiteer' 
tng-Contracting,  Nov.  S,  1900. 

Baaed  upon  this  last  rule  the  cost  ot  fresno  work  is  as  followa 
for  different  leads: 

CtB.  per  Cu.  yds.  per 


BO 


:uyd. 


treano  per  day. 


600 


22 


28 


Bear  In  mind  that  the  above  oosta  do  not  Include  cost  of  tore- 
roan's  wages,  which  ordinarily  ranges  from  ^  to  I  ct.  per  cu.  yd. 
Dresalng  roadbed  and  alopaa  will  usually  cost  an  additional  'A  ct. 
per  sq.  yd.  of  surface  trimmed. 

I  have  asBumed  a  10-hr.  working  day,  but  It  Is  my  opinion  that  It 
makes  little  difference  whether  the  day  Is  8  or  10  hrs  long,  for 
the  horaea  can  tie  "crowded"  harder  on  the  ahorter  day,  and  thua 
cover  the  same  mileage  as  on  (he  longer  day. 

I  have  BSHumed  that  each  freano  la  loaded  as  well  as  dumped  by 
the  driver.  This  la  one  of  the  great  advantagea  of  a  fresno  over  « 
drag  scraper.  However,  In  tough  soils  It  la  generally  wise  to 
have  one  man  with  each  string  of  fresnos  to  load  them. 

A  four-horse  fresno  scraper  weighs  about  275  lbs.  A  rape  should 
be  tied  to  the  end  of  the  handle,  so  that  the  driver  can  Jerk  the  rope 
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utd  rlcbt  Um  bowl  when  be  s6\m  back  to  the  pit  and  !■  ready  to 

The  four  horaea  ore  hltcbed  &br««aL  The  two  outalde  horaea  have 
a  "JoadLey  stldi."  the  enda  of  which  are  tied  to  their  biti^  and  each 
bnrae'i  tirldle  1>  lastened  to  Che  adjoining  borie'e  bridle  by  a  short 
■tiap  or  tawhlde  atriaK.  Each  at  the  two  relua  U  divided  Into  two 
Ibie^  )Hie  line  going  to  each  horae'a  bridle,  one  of  the  lines  from 
each  rein  gohiK  to  one  outaide  horse,  and  the  other  line  to  the  sec- 
end  outaide  borae  from  It-  Thus  the  left  hand  rehi  pull*  the  left 
hand  outside  horae  end  the  rlgbt  hand  hiBlde  horse,  these  two 
borsea  Kuldlnx  ttie  other  two  horses  by  the  bit  strapa  Tha  rlj^t 
band  rein  coDtrola  the  other  two  horses. 

I>ue  to  the  fact  that  freano  scrapers  can  ordinarily  be  loaded  by 
the  tliivra^  It  Is  not  Deceesary  to  work  several  fresnos  in  a  strloc. 
In  tact  when  building  an  embankment  from  two  ditches,  one  on  each 
ride,  n  common  method  of  handling  the  freanos  is  ai  follows ;  The 
driver  loads  the  tresno  In  the  ditch,  drives  up  the  embankment 
diagonally,  dumps  the  load  and  contlnaea  right  across  tha  embaok- 
mant  and  down  Into  the  ditch  on  the  opposite  side,  where  ha  lo&da 
again  after  turalng  around,  and  retuma.  Whan  working  in  this 
bullion,  some  foremen  require  all  the  fresnos  to  move  In  unison, 
■o  that  a  glance  will  show  that  none  is  loafing.  When  handled 
tha^  however,  It  la  not  posaible  to  plow  where  the  fresnoa  are 
working,  so  some  time  Is  always  lost  In  moving  the  tresno  gang 
to  newly  plowed  ground.  This  lost  time  has  been  allowed  for  In 
tba  nils  for  cost  above  gtvwL 

Freaio  work  Is  cheaper  than  drag  scraper  work  under  almost 
sveiT  condition  tbat  can  be  named. 

It  Is  not  easy  to  fix  the  limit  of  economic  haul  with  fresnos  as 
emnpared  with  wheeled  scraperK  principally  because  the  sise  of  the 
fremo  load  varies  greatly  in  different  sella  It  la  quite  commonly 
beUeved  In  California  that  for  hauls  beyond  100  to  260  ft.  the 
wheeled  acraper  la  preferable,  but  in  tough  soils  or  In  dry  sand 
the  frcaoo  loads  may  he  so  small  that  a  wheeler  can  compete  suc- 
cessfully on  shorter  hauls.  On  the  other  hand,  in  soft,  damp  soils 
that  heap  up  and  drift  well  In  front  of  a  freano,  the  economic  haul 
may  ctmslderabty  exceed  SOO  (t- 

The  above  conclualona  are  ba«ed  upon  the  assumption  that  the 
wage  of  the  driver  equals  the  wage  of  two  horsea.  Where  horse 
ftad  la  cheap  and  wages  of  men  are  high.  It  la  clear  that  the  freano 
shows  up  more  favorably,  for  It  la  one  of  the  characterletlca  of 
fresno  work  that  there  are  many  horaes  and  comparatively  few  men. 

In  solving  the  probletn  of  economic  earthwork  In  any  Individual 
CMSh  the  flrat  step  should  be  to  meaaure  a  number  of  average 
loads  of  earth  aa  they  are  delivered  at  the  dump  by  fresnos  and  by 
wbeelera.  Don't  meaaure  the  loads  In  the  ditch  or  pit.  but  on  the 
dump,  for  much  may  be  lost  In  transit.  Shovel  the  load  of  earth 
bto  •  wooden  box  and  ram  It  In  4  to  S-ln.  layera  A  little  time 
•pent  In  thua  measuring  the  loads  accurately  will  enable  a  close  esti- 
mate to  be  made  of  the  actual  yardage  moved  per  day  per  scraper 
Of  each  claaa,  provided  a  boy  or  man  la  assigned  for  a  day  to  the 
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taak  ot  tallyliiK  «very  load  moved  by  a.  tyiilca.!  fremo  gang  and 
by  a.  typical  wheeler  HanS- 

Considering  the  amount  of  money  that  Is  uraally  at  stake,  It  la 
remarkable  bow  often  ^esswork  prevail*  where  a  little  time  spent 
In  measuring  a  few  loads  and  a.  day's  tally  of  the  loads  would 
settle  the  matter  deOnltely.  Where  a'gang  la  moving  only  1,000  cu. 
yds.  dally,  1  ct  saved  per  yard  means  |10  a  day.  Yet  even  the 
most  Hhllled  foreman  will  find  It  next  to  Impossible  to  ascertain  th» 
fllffarenco  of  a  cent  a  yard  coat  between  a  (resno  gan^  and  a. 
wheeler  gang  merely  by  looking  at  them  work.  I  am  speaking  now 
of  work  by  thesB  two  types  of  scrapers  where  the  length  of  haul 
Is  such  that  they  are  almost  on  a  parity  as  regards  cost  Ot 
course  there  are  hauls  where  there  can  bo  no  doubt  at  all,  where  It 
Is  either  the  fresno  "hands  down,"  or  where  It  Is  the  wheeler  "hands 

Coat  by  Elevatlna  Gradera.— An  elevation  grader  consLsts  easen- 
tlally  of  a  four-wheeled  truck  provided  with  a  plow  which  casts 
Its  furrow  upon  an  endless  belt,  which  elevates  the  material  and 
deposits  It  tn  wagons  as  fast  as  they  are  driven  under  the  belt 
For  aucceaaful  operation  there  must  be  few  boulders  or  roots  to  stop 
the  plow  of  the  machine;  and  there  must  be  considerable  room 
In  which  to  turn  the  machine,  and  maneuver  the  teams  going 
and  coming,  and  the  ground  on  which  the  grader  Is  working  muat 
not  be  too  hilly.  The  machine  does  not  work  to  advantage  In  nar- 
row  cutfl  due  to  lack  of  room  tor  wagons  alongside.  The  machine 
Is  adapted  to  loading  wagons  on  road  work,  but  Is  eapeclally  suit- 
able for  reservoir  work  and  the  like.  The  machine  Is  used  tn 
prairie  boIIb  for  digging  ditches  and  conveying  the  material  directly 
Into  the  road,  but  the  material  must  afterward  be  leveled  with  a, 
leveling  scraper  or  road  machine ;  and  it  would  seem  better  prac- 
tice to  use  the  road  scraper  entirely  for  this  class  of  grading  with- 
out reeort  to  the  elevating  grader  at  all.  Claims  have  been  mada 
that  1,000  cu.  yda  in  10  hrs.  are  loaded  by  the  grader.  Under 
very  favorable  conditions  this  may  be  done,  but  I  have  never  seen 
a  dally  average  of  more  than  SOO  cu.  yda  place  measure  loaded  by 
a  grader  operating  In  easy  soli. 

A  grader  costs  about  11,000,  and  Is  hauled  either  by  10  or  tl 
horses  or  by  a  !G-hp.  traction  engine,  the  latter  being  usually  tha 
more  economical  in  the  long  run.  It  requires  2  men  to  operate  the 
grader,  and,  where  horses  are  used,  2  or  3  men  to  drive  tbs 
horsea  Where  a  traction  engine  Is  used,  2  men  operate  tlM 
grader,  I  engineman  operates  the  traction  engine,  and  It  Is  Often 
necessary  to  keep  a  teem  busy  part  of  the  time  hauling  water  for 
the  engine.  It  water  Is  not  supplied  by  gravity  or  by  pumps.  Th» 
traction  engine  bums  0.8  to  O.T  ton,  or  l.liOO  to  1.400  Iba,  per  10 
hrs.  To  fumlah  steam  there  will  be  required  not  over  S  Ib>.*ot 
water  per  lb.  ot  coal,  or  O.T  X  8  =  i.t  tons  of  water  per  day.  The 
grader  travels  about  1E0  tt.  per  mln.  when  hauled  by  an  engine, 
and  It  takes  lU  mlns.  to  turn  around  at  each  end  of  Its  run.  de- 
scribing a.  circle  ot  about  EO  ft.  diameter  in  turning.  It  takes  atraut 
li  aeconda  to  load  a  wagon  with  %  cu.  yd.  of  eftrth  measured  In 
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Haee,  when  the  gmder  Is  traveling  150  fL  per  mln.,  so  that  the 
«r»dBr  tmvelB  40  ft.  In  loadJnK  a  %-yA.  wagon;  then  it  •tOp«  (or 
•Iwut  16  sees,  until  the  next  wagon  cmnee  up  under  the  belL  If 
Uiree-horae  patent  dump  wagons  are  used— tuid  no  other  kind 
ttould  be  used  with  elevatlDg  sradera — the  wagon  load  Is  1^ 
CO.  yds.,  and  the  grader  travels  about  ES  ft.  to  load  a.  wa^ron. 

I  have  seen  TOO  two-horse  wagons,  holding  %  cu.  yd.  each, 
Ii>ail«d  per  10-hr.  day ;  and,  I  am  Informed,  that  with  good  man- 
s^ment  and  an  easy  soil,  TOO  wagons;  holding  more  than  1  cu.  yd. 
tBCh.  can  be  loaded  per  10-hr.  day.  With  three-horse  wagons  the 
average  lO-hr.  day's  output  on  the  Chicago  Drainage  Canal  was 
EDO  cu.  yds.  of  top  soil. 

Ur.  K.  Adelbert  Brown.  C.  E.,  of  Rochester,  Infams  me  that  an 
devatlDg  grader  was  used  by  Thomas  Hollhan,  In  grading  streets 
at  Canandalgua.  N.  Y.  The  streets  were  60  to  7E  ft.  wide  be- 
tween property  lines,  and  3fi  fL  between  curt>s.  A  traction  engine 
was  used  to  haul  the  grader,  and  there  was  no  trouble  In  turning  Che 
oigine  and  grader  between  the  walk  lines,  which  was  easily  within 
E4  fL  of  space.  "The  efficiency  of  the  machine  was  not  tested  fully, 
dae  to  a  lack  of  teams;  but,  when  teams  were  available,  GO  wagon 
loads,  of  1%  cu.  yds.  each,  were  readily  loaded  In  an  hour.  The 
machine  was  satisfactory  In  stone  and  gravel  roads  and  stiff  clay, 
but  la  light  sand  In  some  cases  refused  to  elevate."  This  latter  Is 
tcoe,  however,  of  all  elevating  graders  In  any  dry  sand  that  will 
not  turn  a  furrow. 

Fred.  T.  I^ey  ft  Co.,  of  Sprlngfleld,  Hasa.  Inform  me  that  ele- 
vating graders  were  used  by  them  on  electric  railway  work  in 
aentral  New  York  state,  both  with  traction  engines  and  with  horses. 
They  averaged  400  to  600  cu.  yda  loaded  into  wagons  per  grader 
per  day. 

No  matter  how  short  the  lead,  a  team  hauling  earth  from  a  grader 
most  perform  a  large  percentage  of  waste  labor  following  the 
grader,  and  this  la  equivalent  to  adding  about  400  tt.  to  the  "leaa" 
It  i  horaea  and  a  driver  are  worth  |4.60  a  day,  and  the  load  la  I<4 
ea.  yda..  the  cost  of  hauling  la  0.6  nt.  per  cu.  yd.  per  100  fL  of  haul; 
sn  that  the  waste  distance  traveled  (400  fL  lead)  adds  SH  eta  per 
en.  yd.  to  the  cosL  With  wages  of  single  horses  at  fl.  and  men  at 
tl.SO,  the  fixed,  cost  is  as  follows,  wllh  an  output  o(  GOO  cu.  yds. 
per  10  hra: 

Lost  team  time  (40O  fL  added  to  "lead") 2.6  c(a 

IV  horses  on  grader  and  4  men 3.5     " 

S  men   on   dump    spreading 1.6     " 

Interest,  repairs  and  depreciation,  (5  per  day 1.0     " 

Total     8.6  eta 

The  rule  Is: 

Xsle  VIII. — To  a  fixed  cott  of  m  oti.  add  S/10  ot.  per  cu.  iid.  per 
IW  tt-  of  lead. 

It  will  lake  ■  three-borse  wagons  to  handle  tlie  600  cu.  yda  per 
day  where  the  lead  is  BOO  ft. 

Il  Is  necessary  to  spread  the  earth  on  the  dump  to  prevent  stall- 
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Ing  ot  the  dump  waxons,  but  by  using  a  levellnK  Bcraper  the  coM 
of  thiH  Hem  c^  be  reduced  to  1  ct.  or  less,  iDHtOBd  of  the  1%  cts. 
above  given  for  hand  work. 

A  traction-engine  outfit  will  reduce  the  coat  of  operaUnf  the 
KraCler  wmBwhat  below  the  above  given  flKurea.  thui; 

%  ton  coal,  at  tl t  I-DO  ' 

1  englneman     l.Oi) 

i  ETader  operatora    6.00 

Interest,  repairs  and  depreciation  of  engine a.EO 

Total,  £00  cu.  yda,  at  2.7  cts. HJ.SO 

This  2.T  ctE.  per  cu.  yd..  It  will  be  aeen,  Ib  0.8  ct.  less  than  where 

10  horBea  and  *  men  operate  the  grader. 

It  It  IH  nece«nry  to  pump  water  by  hand  and  haul  It  tar  for  the 

traction  engine,  the  cost  may  eaelly  be  Increased  K  cL  per  cu,  yd.. 

In  Enffineertna-CiMtracHnii,  April,  1006,  page  IDE,  etc.,  there  1>  an 
article  by  Mr.  Daniel  J.  Hauer,  'giving  coata  of  elevating  grader 
work  on  7  railroad  Job*.  The  limitations  of  the  srader  tor  narrow 
thorough  cuts  are  well  shown.  The  average  cost  whi  as  follows 
for  an  average  "lead"  of  800  ft.,  with  an  average  dally  output  of 
sag  cu.  yda  per  elevating  grader: 

Pereu.yd. 

Loading   »0.100 

Hauling    0.1  J7 

Dumping  and  spreading   O.OSt 

Water  boy   0.001 

Foreman   0.010 

ToUl    10.288 

The  warns  of  the  grader  operators  were  ll.BO  per  10-hr.  day; 
laborers,  tl.50  :  two-horse  team  and  driver,. fl. 60  ;  three-liorse  teem 
and  driver.  tS.2E.  The  tO.IOg  does  not  Include  any  allowance  for 
Interest,  repairs  and  depreciation.  This  Is  probably  as  high  a  cost 
for  elevating  grader  work  aa  will  be  likely  to  Occur  With  the  same 
length  of  haul  and  the  same  rates  of  wngea. 

Steam  Shove!  Data — The  size  of  a  steam  shovel  la  usually 
denoted  by  the  capacity  of  the  dipper  In  cubic  yards  and  the  weight 
of  the  whole  machine  In  tons;  both  should  be  given,  for  In  a  hard 
material  a  smaller  dipper  la  used  than  In  soft  material  when  work- 
ing with  the  aame  steam  shoveL  The  following  are  some  ol  the 
standard  slies: 

Weight,  tons U  *S  EE  (G  TG  •• 

Dipper,  cu.  yda IW        11*        Ifc  2        2U    '       j 

Coal  In  10  hra,  tons K  1        ^M        1^  2        2U 

Water  In   10  hrs.,  gals. 1,GOO     2,000     2, EDO     3,000      4,000      4,G00 

The  price  of  shovels  Is  approximately  1130  per  ton  for  the  larger 
sliei^  and  (ISO  per  ton  for  the  3E-ton  alie. 

A  shovel  of  any  alie  Is  bo  designed  that,  when  digging  In  average 
earth.  It  can  average  at  least  3  dlpperfula  per  minute,  when  the 
dipper  arm  swings  only  90°.  Shovels  are  built  to  run  on  standard 
gage  track,  and  In  operating  a  rtiovel  It  Is  customary  to  use  ratla 
In  e-ft.  lengtha,  so  that  the  ahovel  cuts  E  ft.  Into  a  face  before  It  Is 
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*!(Md  abead.  The  time  reQulr«d  to  iib\tl  ohaait  may  averac*  aj 
■b*  as  t  mlns.,  and  ahould  never  average  more  than  S  mlna,  but  on 
poortT  managad  work  I  bave  often  seen  10  mlns.  conaumed  tn  Bhlft- 
I118  Um  Aovel  abea± 

"TnicUoD  aliovela"  yrt&gblag  IS  torn,  or  leM,  may  be  had,  ani) 
(bay  do  not  require  rails  to  run  upon,  but  aro  provided  with  broad- 
tlnd  traction  wheel  >. 

Sttam  abovelH  of  nnall  slie.  mounted  like  a  locomotiv*  crane  ao 
that  tbey  can  awing-  a  full  circle,  are  eipecially  adapted  for  loading 
ngona  In  confined  places. 

Tbo  width  of  the  cut  or  "»wath"  excavated  by  a  shovel  variea 
from  18  ft.  tor  the  smaileat  ehovelH  to  40  ft.  for  the  largeat.  The 
bdgbt  of  the  tece  of  the  cut  is  unually  15  to  30  fL  Id  tough 
Baterial  the  lace  of  the  cut  ahould  not  be  higher  than  the  dipper 
can  reach,  that  \m,  14  to  ZD  ft.  Too  high  a  face  tn  treacheroua, 
•lUIng  material  la  to  be  avoided,  for  the  Shovel  may  be  burled  by  a 
*Ude. 

The  height  of  the  face  of  the  cut  has  a  marked  Influence  upon 
the  outmt  of  a  ahovel.  If  the  face  ia  only  t  ft.  high  and  IS  ft. 
wide,  there  are  only  i  cu.  yda  per  lineal  foot  of  cut,  or  10  cu.  yda 
tot  every  B  lln.  TL  of  cut.  A  1-yd.  shovel  would  encavato  this  In, 
ay,  ID  mina  ;  than.  If  S  mtna  were  spent  moving  forward  tor  the 
nfit  "bite."  there  would  be  IS  mina  required  to  excavate  20  cu. 
yda.  and  one-third  of  the  time  would  be  spent  In  shifting  the 
■bovd.  Shallow  cuts  are  expensive  not  only  on  this  account,  but  be- 
cause a  full  dipper  cannot  be  averaged  when  the  height  of  the  face 
of  the  cut  becomes  much  less  than  one  and  a  hEdf  or  two  times  the 
dt^th  of  the  liucltet. 

1q  addition  to  the  lost  time  of  shifting  the  shovel,  there  Is  more 
or  lea*  kwt  time  switching  cars  up  to  the  shovel.  On  "thorough 
cut"  work  this  lost  time  of  switching  le  greater  than  on  "side  cut" 
work,  A  "thorough  cut"  Is  practically  a.  huge  trench,  In  which  the 
ilioTti  Is  working  at  the  face,  so  that  only  one  or  two  cars  can 
eoiae  up  on  tha  track  alongelde  of  the  shovel,  the  car  track  being 
la  the  bottom  of  the  cut.  This  method  of  attack  should  be  avoided 
wherever  poaslbla  In  *'slde  cut"  work  a  full  train  of  cars  can 
crane  alongside  the  shovel,  one  car  being  loaded  after  another  until 
the  train  la  loaded. 

Thara  are  freauently  conditions  that  make  It  cheaper  In  the  end 
lo  use  wagons  Instead  of  cars  for  hauling  the  earth  away.  In 
SDCh  eases  never  use  a  large  dipper,  for  so  much  earth  will  spill 
<ner  the  aldaa  of  the  wagon  as  to  block  the  road  and  delay  the 
movenieDt  of  the  wagons,  even  when  a  match  team  le  used.  A 
iM-yd  backet  is  as  large  a*  should  be  used  for  loading  wagona 

Kaullng  With  Dinkeys. — The  ordinary  "contractor's  locoou>tlve," 
or  "dinkey,"  travels  on  a  track  of  3-ft.  gage.  The  smallest  slse 
sf  dinker  commonly  used  weighs  S  short  tons,  and  is  listed  as 
■■aving  a  tractive  pull  of  2,900  Iba  on  a  level  track.  Whether 
the  sctnal  tractive  capacity  Is  exactly  2,900  I  do  not  know  1  but 
It  most  be  ej>proximately  that,  for  any  locomotive  can  e«ert  a  pull 
of  It%   ol  the  weight  on  Its  driving  wheels  even  on  clean  ralla 
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The  loads  that  a  dinkey  can  pull,  however,  are  much  over-estlmateil 
Id  catalogues,  due  to  too  low  rolling  resistances  assumed  for  cars. 
It  Is  said  in  some  of  the  catalosues  that  the  realstaoce  to  traction 
la  SH  lbs.  per  short  ton.  This  rate  applies  onir  to  the  best  o( 
standard  Kage  railway  tracks  with  heavy  rails,  well  ballasted,  and 
with  heavy  wheel  loads.  On  a  conlractor'a  narrow  gagr,  llRht  rail 
tr&clt,  the  realHtance  to  traction  la  probably  not  must  less  than  ID 
to  iO  lbs.  per  ton,  and  at  the  point  where  the  cars  are  loaded  It  la 
doubtlees  more,  due  to  the  dirt  on  the  ralla  It  requires  almost 
twice  as  great  a  pull  to  start  a,  car  as  to  keep  It  In  motion. 

The  reslatance  due  to  gravity  la  20  Iba  per  short  ton  per  1%  of 
grade;  but,  of  course,  the  tractive  power  of  a  locomotive  falls  on 
iO  lbs  for  every  ton  of  Ita  own  weight  for  each  1%  o(  grade. 

Based  upon  these  data,  and  upon  the  aemimptlon  that  the  resist- 
ance to  traction  Is  40  lbs.  per  short  ton.  an  S-ton  dinkey  Is  capable 
of  hauling  [he  following  loads.  Including  the  welgbt  ot  the  cars: 
Total  tona 

Level  track   70 

1%    grade    it 

2%   grade    13 

3%    grade    2e 

4%   grade    11 

E9b   grade    17 

t%    grade    '.'.'.'.'.'.. '.V^.V.V.'.'.'..V...^.'... '.'.'.'.'.'.'.'.      10 

Note, — On  a  poor  track  not  even  as  great  loads  as  the  above  cam 
be  hauled. 

Due  to  the  accldenta  that  frequently  occur  from  the  breaking 
in  two  ot  tralna  on  steep  gradea,  and  from  the  running  sway  of 
engines.  It  Is  advisable  to  avoid  using  grades  ol  more  than  6%. 

When  heavily  loaded,  a.  dinkey  travels  S  miles  per  hr.  on  a 
straight  track;  bot  when  lightly  loaded,  or  on  a  down  grade.  It 
may  run  9  miles  an  hour. 

The  following  are  the  average  struck  measure  capacities  ot  the 
dump  cars  made  by  one  firm  (variations  of  weight  o(  several  hun- 
dred pounds  occur,  according  to  the  make)  : 

SSS'^'ib™'  "^:::.-:::.i.7n     s,™!"  imI    ts.'"  wi 

A  car  seldom  Qvernges  Its  atruek  capacity  of  earth  measured 
"in  place,"  even  when  the  car  la  heaped  full  with  a  ahovel ;  for  not 
only  are  there  vacant  places  In  the  corners  of  the  car,  but  the  loose 
earth  Is  if>%  to  30%  more  bulky  than  earth  "In  place," 

The  number  of  dinkeys  required  to  keep  a  shovel  busy  can  be 
estimated  from  the  data  given.  On  short  hauls  (1,000  ft.  or  less) 
one  very  often  aeea  only  one  dinkey  serving  a  l>ii-yd,  ahovei.  In 
such  cases  the  dinkey  Is  not  heavily  loaded,  so  that  It  can  run  fast. 
and  by  having  enough  men  to  dump  a  train  of  B  cars  In  Z  or  3  mlns. 
a  (airly  good  doily  output  of  the  Bhovel  can  be  secured. 

In  dumping  the  cars,  estimate  on  the  basis  of  one  S-yd.  car 
dumped  bv  each  man  In  IK  to  2  mins.  The  men  work  In  groups 
of  2  or  3  In  dumping  the  cars,  and  enough  men  are  usually  provided 
on  the  dump  to  dump  a  train  in  3  mlns. 

When  two   or   mora   dinkeys  are   serving   one  shovel,   and   long 
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tnUni  (12  ears>  are  being  used,  It  would  B?em  that  very  little  lost 
Aovcl  time  would  occur  due  to  snitching  In  an  empty  train;  but, 
nen  under  favorable  condtlioriB.  I  find  Ihal  1^  to  2  mlna.  per  train 
ire  tost  In  switching'.  This  Is  another  reason  why  a  shovel  served 
br  only  one  dinkey  makes  so  gooil  a  showing:  on  ahorC-haut  work. 
8tEI  anottier  reason  Is  that  at  the  time  the  shovel  Is  shitting  tor- 
vard.  the  dinkey  can  often  make  Its  round  trip ;  and  on  shallow 
face  work  this  shifting  of  tne  shovel  occurs  frequently. 

The  method  of  using  a  hoisting  engine  and  cable  to  move  ths 
cars  is  quite  common  In  railroad  work,  where  the  hauls  are  short, 
ny  1,000  ft.  or  leas.  The  track  Is  laid  on  a  rather  steep  grade,  at 
least  31k  from  the  pit  to  the  dump,  and  the  cars  coast  down 
by  gravity  usually  In  trains  of  4  cars  holding  atiout  2  cu.  yds.  each. 
The  hoininK  engines  pull  the  cars  back  with  a  wire  rope,  A  team 
ef  horses  will  have  all  It  con  do  to  pull  a  train  of  «  such  cars 
even  on  a  slight  down  grade  to  the  dimip.  As  a  matter  of  fact, 
a  team  that  Is  working  steadily  caimot  be  counted  on  to  pull  more 
than  two  cars  holding  3  cu.  yds  each,  on  a  level  track  of  the 
Und  ordinarily  used  In  contract  work. 

The  3-rt.  gage  track  commonly  used  Is  laid  with  rails  weighing 
le  to  40  lbs  per  yard  of  slngte  rail.  A  30  or  as-lb.  rail  makes  a 
tnA  that  la  not  easily  kinked  under  the  loads,  even  when  ties  ar« 
maced  4  ft.  eentOTB,  A  6  X  8-ln.  tie,  B  ft  long,  is  the  beat  Bise.  1 
have  tried  4  X  4-ln.  ties,  but  they  are  easily  split  hy  the  spikes,  and 
an  not  of  much  value  after  being  used  once :  whereas  the  6  x  0-tn. 
ties  can  be  laid  4  to  >  tlmea  After  the  rails  and  ties  are  delivered, 
and  tbe  roadway  graded,  such  a  track  can  be  laid  for  flOO  per  mile, 
or  |1  per  100  «,  when  wages  are  IE  cla  per  hr.  And  the  track 
can  be  torn  up  and  loaded  on  wagons  for  %\  p«r  100  ft ;  there  being 
1  ton  of  30-lb.  rails  and  ITE  f t  B.  U.  o(  S  X  S-ln  X  S-(t  ties  per 
iDft  tt  of  track. 

In  railroad  work  It  la  usually  necessary  to  build  a  trestle  through 
vhlch  the  cars  are  dumped  in  making  the  embankment  The  trestles 
luually  consist  of  two  posts  per  bent  the  posta  being  of  round 
ttoiber,  capped  with  a  squared  stick,  and  sway  braced  with  round 
timber  sapllnga.  In  the  section  on  Tlmberwork  the  reader  will  And 
data  on  the  oast  of  tr««tlework. 

Summary  o4  ths  Coat  of  Stssm  Shovel  work.— As  above  stated. 
■bmela  are  so  designed  that  about  3  dipperfuls  can  be  averaged  per 
■Dtnuta  when  actually  loading  cars ;  but  I  find  that  even  with  well 
•nangvl  trsck^  and  a  good  high  face,  tbs  necessary  delays  of  shKt- 
■ac  the  shovel  ahSKd.  switching  the  trains,  moving  the  shovel  back 
to  start  a  new  swath,  etc,  keep  the  shovel  Idle  about  half  the  time. 
Onaslonally,  under  exceptionally  favorable  conditions,  a  shovel  may 
■Tsnge  t  or  tV,  hrs.  of  actual  shovellnK  per  lO-hr.  day. 

The  size  of  the  dippers,  a*  listed  In  catalogues,  often  refers  to 
Uppers  heaiMd  full  of  loose  earth.  I  And  that  the  actual  "place 
ncasore"  averages  about  30%  less  than  the  listed  capacity  of  a 
dipper,  for  not  every  dipper  goes  out  full,  and  even  It  It  does  tbs 
<trlh  I*  not  as  compact  In  the  dipper  as  In  place. 
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On  the  basla  of  3  dlppera  lo*d«d  per  minute  of  actual  woTlc  wr 
have  the  foIlowIuK  for  dippani  of  different  alzee: 

Dipper. — Output  In  Cu.  Tda — 

Nominal.  Actual  (average).  Steady  Shoveling. 

Tda.  TdB.  IVhre.  E  hra 

1  0.1  i.sto  aso 

m  1.0  I.SOO  900 

2  1.4  2.G20  1,260 
Hi                        l.T                           3.DS0  1,G30 

We  see  that  where  the  ahovel  Is  actually  Bhovellng;  5  hrs.  out  at 
the  10  (and  this  Ih  a  Kood  average),  a  I-yd.  dipper  will  load  sao 
cu.  yds. :  a  1%-yd,  dipper,  BOO  cu.  yds. ;  a  IH-yiL  dipper,  1,510  cu. 
yds.  These  are  not  mere^  theoretical  outputa,  for  I  have  monthly 
output  records  that  show  theae  averasea  for  each  lO-hr.  ahlft- 
However,  the  track  arrangement  must  be  auch  that  can  are 
promptly  auppfled  to  the  shovel.  It  any  auch  average  as  900  cu.  yds. 
per  day  per  I^-yd.  dipper  la  to  be  maintained. 

Taking  the  H4-yd.  dipper  aa  the  common  size,  we  may  eay  that 
In  "average  earth,"  with  cara  promptly  aupplled.  900  cu.  yds.  are  a 
fair  10-hr.  day's  work :  but  If  only  one  dinkey  la  uaed,  the  lost  time 
may  easily  be  Increased  to  such  an  extent  that  BKO  cu.  yda.  become 
a  good  day's  work  In  "average  earth."  In  hardpan,  or  exceedingly 
tough  clay,  the  output  of  a  shovel  may  fall  to  about  half  the  out- 
put In  "average  earth":  that  Is,  150  cu.  yds,  per  10-hr.  day  with  a 
1^-yd.   shovel. 

The  size  of  shovel  to  select  for  any  given  work  depends  upon  the 
yardage  of  earth  In  each  cut — not  upon  the  total  yardage  In  the 
contract  On  very  light  cut^  such  aa  street  and  road  work,  cellars. 
etc.,  a  small  shovel  with  a  H  to  \-yd.  dipper  la  uaually  moat 
economic.  Use  a  small  2S-ton  traction  shovel,  with  1-yd.  dipper  for 
small  railway  cuts,  where  moves  from  one  cut  to  another  will  be 
(requent.  Use  a  EE  to  <B-ton  ahovel  with  H4  to  2'A-y±  dipper 
where  cuts  are  heavy,  and  moves  not  very  frequent.  Use  a  7E  to 
OO-ton  shovel,  with  2^  to  3i^-yd.  dipper,  on  heavy  cuts;  where 
moves  are  Infrequent.  Of  course  a  heavy  shovel  with  a  amall  dipper 
Is  necessary  in  bardpan  and  very  tough  material. 

The  cost  of  operating  a  EE-ton  shovel  Is  ordinarily  as  follows, 
asaumlng  Zl  days  worked  during  the  month,  and  I  months  worked 
during  the  year,  or  132  day*  actually  worked  per  year: 

Shooiil  C'iwo;  Wortied. 
I  englneman  on  ahovel,  at  tl2G  per  mo I     E.19 


.   „.^. ovel,  at  tti  per  mo 1.00 

6  pitmen,  at  tl.TB  per.  10-hr.  day lO.GS 

1  ulght  watchman,   at   fSO  per  mo t.SO 

Total   shovel   crew    f  *6.«0 

Cool  for  shovel.  1>4   tons,  at  $i.  delivered %  G.OO 

Water    J-g» 

Oil    and   waste ....- JsJ 

Interest  on  17,200  shovel  at  «%  per  year  +  1S»  days t.tS 

Repairs  on  17.200.  315,  per  mo.  -i- M  Ws.... 10.00 

Depreciation  on  17.200.  «%  per  year  -}-  132  days >■*» 

Total  steam  shovel  crew,  fuel,  repairs,  etc I  B0.80 
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i  duTtnf  rear,  tar,   (BOO  ■*■ 


Total  chargMi  < 
Trot*  Cnw.- 


t  raMacmen   i,aa^  1  dinkeys),  at  fS. 


at  >3 -, 

St    11-76 10.61 


}  20.61 


on  and  iraMel 

iDtereat  on  tS.OOO  <Z  dinkeys  and  21  care),  at  C%  per  year 
-^  131  dayB 


■a  on  fS.OOO,  at  t%%  per  mo.  -i-  22  days 
•TiHBCifttlaD  on  (8.000.  at  S%  tier  year  -r-  132 

Total  train  crew,  fuel,  repairs,  etc- 

■dvIdk  and  hoiuInK  locomotlvsi  and  i 
nme  as  (or  ahovel 


Total    cIiarseB   of   locomotlvea   and   care t  42.81 

Tree*  CreiD  and  Track: 

I  on  Bradlns  and  track  lifting,  at  |1.TE I  1 

IntereM  on    tS.2S0    (rails    (3e    lbs.   per   yd.)    and  fafltenlnga 

for  1  mile  of  track),  at  6?t  -f-  132  daya 

DaiireclBtloD  on  t£,2B0.  at  12%  -r  132  daya 

IntercM  on    ITEO    (Uee,   at   31)   eta    each.    2   mllea   track),  at 

*%  -^  132  days 

D«nciBUon  on  »T60   <tle«),  at  10%  per  roo. -r- !2  days 

Total  track  crew  and  track I  17.31 


H  npertntendent,  at  |16D  per 
i  foreman,   at   I7B   per  ir" 
t  116  per 


Q^Deral  manaKement,  office  eipenoee,  etc.,  8%  of  dally  pay- 

..1  11.00 

..1128.80 
t  we  have  the  followInK  dally  cost  and  coat  per  cu. 
yd.  when  the  dally  output  Is  1,000  cu.  yda  (or  22.000  cu.  yds.  per 

f  B4.60  Ml 

42.86  4.29 


Total   3128.80  12.88 

TDDgh    mBterlal    and    unfavorable   conditions   Irequently   reduce 

tbe  delly  output  to  600  cu.  yda,  and  run  the  cost  up  to  21  eta  per 

'TO.  yd. 
The  most  variable  of  the  four  main   Items  of  dally  expense  IB 

'T'nck  Eixpetiae.     Often  a  large  crew  of  men  Is  kept  busy  grading 

fnr  ne*  tracks,  althougfa  It  Is  rare  that  more  than  10  or  12  men 

*n  thus  engaged  for  each  Bhore)  crew. 
Tbe  estlnuLtBd  percentages  for  repairs  and  depreciation  are  lib- 
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era),  but  It  must  be  ramembered  that  repalra  increase  aa  the 
machines  grow  older,  tuid  that  b.  high  allowance  should  be  mode 
for  depreciation  to  cover  obsolescence,  1.  e.,  the  "gettlnB  out  of  date" 
or  behind  the  times. 

Depreciation  of  ties  1b  especially  rapid  In  contract  work,  due  to 
the  destruction  that  occurs  from  freiiuent  track  Bhiftlng.  Depre- 
ciation of  rails  Is  also  rapid,  due  to  their  becoming  klnhed. 

TliR  [oregolng  itemliatlon  of  cost  should  he  taken  merely  to  repre- 
sent a  fiilrty  typical  exarnple,  but  each  particular  case  will  have  ItM 
varying  eonditlons  that  must  be  considered. 

Where  tumporary  treaties  must  be  built  to  carry  the  cars  out  over 
proposed  flllB,  as  Is  common  on  railway  work,  the  cost  o(  the 
trestles  must  be  added  to  the  above  flgures.  The  cost  of  trestle- 
work  can  be  estimated  from  data  clven  In  the  section  on  Piling  and 
Tlmberwork,  bearing  In  mind,  however,  that  much  lighter  timbers 
can  l>e  used  for  dlt^ey  locomotives  and  trains  than  for  standard 
railway  traclis.  It  should  also  be  remembered  that  round  poles 
can  usually  be  secured  for  the  legs  or  posts  of  trestle  bents,  and 
that  each  bent  usually  has  only  two  legs.  The  squared  stringers, 
ties  and  caps  can  usually  be  recovered,  but  the  posts,  sills  and  sway 
braces  are  burled  permanently  In  the  fill- 
Cost  of  Digging  ■  Well  or  CMipool.' — Circular  wells  or  bolaa 
are  often  dug  for  water  supply  anl  for  cesspools  around  buildings 
A  well  was  due  on  Lrfing  Island  In  a  clay  material  with  an  occa- 
sional boulder.  The  material  was  slltf  enough  to  stand  up  with- 
out shoring.  The  hole  was  B  ft.  In  diameter  and  SI  ft.  deep.  For 
two  days  two  men  did  the  work,  but.  when  a  bucket  had  to  be  Used, 
another  man  was  added  to  the  force.  A  three-legged  derrick,  with  a 
crank  on  It.  was  used  to  hoist  the  bucket  of  earth.  The  excavation 
waa  made  entirely  with  picks  and  shovela  There  ware  1,306  cu.  ft, 
of  material  excavated,  or  about  48  cu.  yds.  A  10-hr.  day  waa 
worked.    The  cost  of  the  work  was  as  followa: 

2  men    2   day^   at   II. ED t  $.00 

3  men  G   daya   at   |1.B0 22.60 

Total    tlsitO 

This  gives  a  cost  of  00  eta  per  cu.  yd.  for  excavating  and 
hoisting  the  material  and  dumping  It  on  the  ground  by  the  Side  of 
the  hole.    This  cost  Is  quite  reasonable  for  this  work. 

Cost  or  Trenching.  Cross -Rafarencas.~Data  on  this  subject  will 
be  found  In  the  following  sectloA  of  this  book:  Waterworks, 
Sewers,  and  Uiscellaneous  Costs.    Consult  the  Index  under  Trenchea 

The  Cost  of  Sackfilling  ■  Trsnch  With  a  Scrsper.t— Fig.  1  shows 
a  Doon  Ditching  Scraper  for  bach  filling  trenches  or  ditches. 

To  backHll  a  trench,  a  rope  or  chain  about  SO  ft,  long  ts  fastened 
to  the  cable  chain  on  the  scraper,  and  a  team  Is  hitched  on  to  the 
end  of  the  rope.  The  team,  of  course,  works  on  one  side  of  the 
trench.     The  scraper  weighs  only  TE  Iba,  and  can  be  dragged  back 
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hT  me  man,  alttiou^  same  contractors  prefer  to  have  two  men  on 
the  KT^ier,  especially  when  Ihe  men  are  amall. 

Id  10  hrs.  a  learn  and  driver  bdcI  one  man  on  tlie  scraper  back- 
9IM  400  Va.  U.  ot  trench  2  ft.  wide  by  T  ft.  deep.  This  li  more 
Uui  2D0  cu.  yds.  backfilled  at  a  cost  of  2^  cts.  per  cu.  yd.  Witb 
[■a  men  on  the  scraper,  and  working  very  hard,  as  much  as  700  tin. 
IL  were  backfilled  In  a  day.  which  Is  equivalent  to  less  than  2  cts. 
iwr  cu.  yd.  In  this  cose  no  tamping  was  required,  but.  even  whero 
lunplng  Is  called  for,  a  scraper  Is  much  cheaper  than  a  shovel  (or 
backfllliBgr. 

While  Eood  work  can  be  done  with  the  ordinary  drag  scraper.  It  la 
n«  K»  good  a  tool  for  backfillInK  as  that  described  above,  for  three 
"•sons;  First,  because  a  Doan  scraper  Is  lighter;  second,  be- 
isus  a  drag   scraper   Is  narrower ;     and    third,   because   a   drag 


Fl«,  1.    Doan  Scraper. 

Knper  la  not  so  quickly  dumped.-  The  Doan  scraper  Is  made  of  oak, 
*od  with  steel  on  the  cutting  edge.  This  cutting  edge  Is  4  (t.  long, 
*likh  means  a.  good  wide  swath  cut  at  each  forward  pull.  In  addi- 
tion to  Its  dsc  Cor  backflUlng.  the  scraper  la  also  suited  for  use  In 
tigging  ditches,  leveling  embankments,  etc.  The  scraper  Is  made  by 
Um  Sidney  Steel  Scraper  Co.,  of  Sidney,  Ohio. 

Prices  «>r  Drainage  DIteh  Work.*— The  following  figures  on  ditch 
raostructlon  In  Minnesota  Were  given  by  Hr.  George  A.  Ralph, 
State  Drainage   Engineer,   In   a  paper   before   the   Minnesota  Sur- 

*S*ffineeTi»g-Cinltrat:tinir,  July  10.  190T. 
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verora'  and  BnKtneera'  Socletr-  The  riKurea  are  the  average  prtc«s 
and  are  baaed  on  contract  prices  for  work  on  wtilch  llr.  RKlph  waa 
ensloear;    they  cover  a  period  extending  from  ISSt  to  190(: 

Blip    Bcraper   work  ;  Per  cu.  yd. 

Not   exceeding      S   ft   In   depth |0.10 

Not  exceeding  10  ft.   In  depth 0.11 

Not  exceeding  12  ft.  In  depth 0.14 

BilevBtlng  grader  work O.OS 

Shovel  wonc  2  to  0  fL  deep O.IE 

Bhavel  work,   i   to  10  ft.   deep O.tO 

Hayknlfe  work.    S   to   4    ft.   deep 0.11 

Hand  labor  In  timbered  nratniia O.lt  to  0.10 

Good    dredge    work 0.08 

Dredge  work,    unfavorable   condltlooa 0.10  to  0.11 

Capatan    ditch,    plow   work 0.40  to  O.SO 

Coat  of  Boring  Tait  Holes  In  Earth.* — For  the  purpose  of  pros- 
pecting, testing  foundation  sltea.  well  drilling,  etc.,  it  la  often  neces- 
sary to  bore  through  sand,  gravel,  clay,  etc  There  are  (our  com- 
mon methods  of  boring  In  earth:  <1)  By  means  of  an  earth  auger; 
(2>  by  a  chum  drill;  (3)  by  driving  a  pipe  and  waMiing  out' the 
earth  Inside  the  pipe  with  the  aid  of  a.  force  pump,  called  "waah 
boring";   and  (4)  by  post  hole  diggers  of  various  forma. 

Any  of  these  methods  (except  the  third)  may  be  used  either  with 
or  without  a  casing  pipe  to  preserve  the  sides  of  the  hole  from 
crumbling  In,  and  any  kind  of  power  may  be  used.  In  soil  that 
crumbles  readily  a  casing  pipe  Is  always  neca^ary  where  the  hole 
must  be  sunk  to  any  considerable  depth  ;  but  by  the  exercise  of  a 
little  Ingenuity  U  Is  often  possible  to  bore  even  In  dry  sand  wllh- 
out  using  a  casing  pipe.  We  are  Indebted  to  Ur.  J.  U.  Rudlger  for 
the  following  hint,  which  will  be  found  exceedingly  useful  In  boring 
In  sand  up  to  depths  of  about  30  (eet ;  Pour  one  or  more  barrels  of 
water  on  the  sand  at  the  site  of  Che  proposed  bore  hole.  The  water 
will  pais  vertically  downward,  spreading  no  great  distance  laterally. 
In  the  Band  thus  nmdo  damp,  an  earth  auger  may  be  used  to  bore 
without  any  caving  In  of  the  sides.  If  the  hole  Is  to  be  used  as  a 
well,  lower  a  casing  pipe  Into  It  after  water  has  been  struck. 

Cost  of  Hand  Augar  Prospecting.— Mr.  Charlea  Catlett  Is  author- 
ity for  the  following  methods  of  prospecilng  for  deposits  of  hema- 
tite In  Virginia.  The  set  of  tools  consists  of  a  steel  auger  bit 
twisted  into  a  spiral  <4  turns)  2  Ins.  diam.,  the  steel  of  the  bit 
being  14  tn.  thick  and  11  Ina  long  and  provided  with  a  split  point. 
This  bil  Is  welded  to  an  18-ln.  length  of  1-ln.  wrought  pipe  having 
B.  screw  threaded  end.  Another  chopping  bit  for  use  In  hard  nta- 
terlal  Is  mode  of  IK-ln.  octagon  steel  wllh  a  E-ln.  cutting  sdge,  and 
is  welded  to  a  length  of  1-ln.  wrought  pipe.  As  many  lengths  o( 
1-ln.  wrought  pipe  are  provided  as  necesnry,  with  screw  couplings. 
An  Iron  handle.  2  It  long,  is  provided  with  a  centnil  eye  and  with 
a  set  screw  so  that  It  can  be  fastened  to  the  1-ln.  pipe  at  any  plac*. 
A  10-tt  length  of  1  U,-ln.  pipe,  threaded  at  each  end  for  connection 
to  ttie  1-ln.  pipe.  Is  provided  tor  use  in  giving  weight  to  the  pipe 
drill  rods  In  churning.  The  other  tools  are:  A  sand  pump  of  1  or 
2  ft.  of  1-ln.  pipe  with  a  leather  valve,  and  cord  for  lowering  It; 

■Xnplneerliii^-CoHlraclfnff,  January,  1908.  p.  11. 
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t»o  pai™  of  pipe  ioaga;  two  monkey  wrencbec;  2B-fl.  tape;  Oat 
Blc ;  aiiriiiK  balance  ;  oil  can  :  water  bucket,  etc.  In  boring  Ihroush 
nn  material,  the  auger  Ib  rotated  by  two  men.  raised  every  few 
mmtoi  acraiied  dean,  and  the  handle  fastened  hlKher  up  on  the 
rida  In  hardpan  or  rock  the  chum  bit  Is  used,  and  the  sludje  ia 
nnoved  either  with  tb«  auser  or  wtth  the  sand  pumP'  The  greateat 
depth  penetrated  with  this  outfit  was  80  fL  Up  to  a  depth  o( 
U  ft  two  men  mlBce;  from  U  to  3G  fL,  three  men;  3S  to  GO  ft., 
three  mai.  the  third  man  standiUK  on  a  routji  timber  frame  IG  or 
!l  fL  hlgli,  so  that  the  pipe  need  not  be  unjolnted  when  ralsad. 
Ftir  depths  of  GO  ft.  more  the  pipe  Is  unjolnted  whan  raised.  The 
tDltowlns  are  progress  records  on  eight  holes : 


rhrouEh. 


Hematite  ore    6 

Clay   and   ore S 

Total 18 

Tlma  of  S  men.   10  hm 
t  Cost  per  ft,  18.7  eta. 

Throoeh.  Ft 

Tellow   day    12 

Black  flint  U 

Tdlow  clay  i% 

White    sand    1 


Total     

Tinie.  2  men.  h  hra 
tCost  per  fU  S.t  eta. 

BOU  c 


Yellow  (day  and  a 


Total   19 

Time.  1  men.  m  bra 
t  Cost  per  ft,  13.4  eta 

TbrouKfa.  '  Ft 

Tellow  clay iju 

8(dld  ore   gg 

Total     26 

Time,  2  men.  0  hrs. 
tCoM  IMT  ft,   <.B  Cla. 

Throudi.  PL 

Sand  and  gravel 1 

Clay     28 

Total 29 

Ttme,  2  men.   G  bra. 
t  Coat  rer  ft,   G  eta 

lAnuming  waxes  at  IG  eta  per  hour. 
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ThrouKli. 


Loose  BlTde   5 

aw    T 

Shale   ore   e 

Wash  ore    if 

Total     4D 

Time,  Z  men,  11  hrs, ;  8  men,  4  hrs. 
t  Cost  per  ft.,  12.7  ctH. 

Band  anl  drift*   19 

Clay   Sj 

Total     GS 

Time,  Z  men.  15  hrs. :  3  men,  1  hrs. 
tCoBt  cer  ft.,  12.1  eta. 


Throuah.  irt. 

Sand  ana  drift   18 

Clay    51 

Total     «i 

Trme,   2  men.  li  hra  :   3  man,  !B  hrB. 
TCo«  Der  tt.,   20.2   cts. 

'Sandstone  drift.    t'^BSumlng;  wases  at  IS  Cts.  per  hour. 

Coit  of  Wash  Borings  on  ■  C>n«i  Survey.f— Ur.  A.  W.  Saundara 
Is  author  of  the  following: 

Then  data  were  obtained  on  a,  survey  of  BE  miles,  covering  the 
operations  ot  a  year.  The  line  ran  over  a  little  rough  country,  two 
rivers  and  a  lake.  The  land  was  not  "rocity,"  though  there  were 
Home  stony  plots  of  course. 

The  equipment  was  complete  In  all  Its  details,  thus  enabling  an 
economic  and  thorou^  prosecution  of  the  work,  I  e..  making  test 
borings  to  locate  the  "rock  line"  or  elevation  of  the  rock  in  th« 
earth,  on  a  aurvay  of  a  ship  canal. 

Two  parallel  lines  were  run  BOO  to  l.EOO  ft.  to  the  right  and  left 
Of  the  main  line.  This  neceaaltated  a  systematic  and  constant  hustle 
to  prevent  o  stalling  of  the  work,  for  one  machine  often  was  on  one 
Side  of  a.  river  and  others  scattered  over  a  mile  of  ground. 

Fig.  2  Is  the  Carpenter  wash  drilL  The  pump  Is  to  the  left  and 
rear  of  the  hammer.  This  machine,  equipped  for  IZO  ft  of  work 
with  pump,  Gi)0  ft  of  1%-in.  water  pipe  and  all  necessary  acceS' 
Borles,  will  now  cost  ;200.  This  machine  la  readily  transported  by 
hand  through  swamps,  msrshes  or  even  rivers;  and,  with  Ita  tool 
box,  makes  but  a.  small  one-horse  load.  The  Illustration  shows  a 
machine  rigged  to  put  down  deep  holes  (100  ft.).  PMg.  S  shows 
method  of  pulling  the  pipe. 

Two  2 -OS.  sample  bottles  are  shown  (Just  below  the  fore- 
man's knee).  The  notes  are  recorded  in  his  note  book  suitably 
ruled ;  samples  ot  the  borings  are  obtained,  the  bottles  labeled  and 
all  sent  into  the  office  where  the  whole  Is  plotted;  the  notes  and 
samples  are  died. 

tEnginteriHg-ContracHne,   Dec.    9,   1SD8. 
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Fig.  2.     WHSh  Drill. 


FlB-  3.      PullinB  Pipe. 
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Tig.  1  1b  the  BulllTan  earth  drill.  Water  is  forced  through  the 
dr[ll  rod*  down  to  the  foot  or  "shoe"  of  the  coBins  and  then  up 
In  thfi  casing  bringing  with  It  the  material  drilled  through,  * 
■ample  of  which  la  thus  obtained  and  Its  "condition"  notad.     Thla 


Fig.  1.     Earth  DrllL 

machine  la  not  aa  eaellr  moved  aa  the  other  and  trails  along  be- 
hind a  wagon.  It  will  cost  tIDO  completely  equlpi>ed  for  100  ft.  of 
work  with  600  ft  of  Hi-ln.  water  pipe,  pump,  etc  A  portabl* 
blacknnlth  or  repair  shop,  12  1 12  it  8  ft.  equipped  with  pipe  work- 
ing toola,  forge,  etc..  la  ngured  In  with  the  coat  given  tralow. 

The  total  amount  of  work  In  one  year's  continuous  work  of  t 
crews  (Increased  to  8  crews  for  6  months),  was  760  holes  aggregat- 
ing 33,TI1  ft  exclusive  of  water.  The  colt  of  the  entire  outfit  (g 
machines  complete,  repair  shop  and  tools)  was  considered  sunk  iD 
the  enterprise.  The  total  cost  was  121, SSI. 12,  or  (230  per  mile  of 
survey,  or  61.9  cts.  per  ft  of  boring,  divided  as  follows: 

Salaries  and  subsistence   tlg.E9S.46 

Traveling  enponses   IS9.4g 

Plant  tools,  repairs   1,141.41 

Explosives    60g.JJ 

Freight  and   express  chargM    'P-JJ 

Office   expenses 199.28 
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Tfala  tiicliid«B  Ita  abare  at  tfas  expeon  of  the  chief  eniliiaer.  smM- 
uteaglneer  oDd  other  eiiKlneerlnK  work,  OM  well  tu  the  plotUnS,  Mc 
The  actu&l  cost  ot  all  borlnBi.  axcluaive  of  the  coat  of  the  plant  re- 
paliB,  niperlnteDdlnK.  trelsbt.  expresa.  traveling  aod  iDcldentall, 
waa  1S.7  eta.  par  IL  of  boring,  much  ol  It  Uirou^  hard  compMit 


The  acale  of  wagna  was:  Awlatant  engineer,  flEO  per  moDtb; 
Mpartntendent,  1100;  asalatant  auperlDteodent,  |SD ;  roremaOi  14G ; 
Uiorant  >30  ;  all  a  monthly  rate,  with  aubalBtence  tumlahed.  A 
launater  wlUi  a  team  received  ISO  per  month  and  "found"  hlmaelf 
and  team.  A  regular  crew  conaUted  ot  a  working  foreman  and 
4  men. 

I  need  a  Caxp«nter  machine  on  the  Wachuaett  Aqueduct.  Uabaa- 
chuaetta,  and  olten  obtained  a  sample  ot  earth  at  a  depth  of  S40  fL 
In  me-half  day. 

On  another  Job  In  ITew  York  atate.  a  Carpenter,  with  eome  of 
mr  Maainchuaetta  men,  waa  IT  daya  on  one  hole,  Including  loat  time 
by  reason  of  bad  weather,  brealuLgea  and  I  Sundays ;  GE  half- 
pMnd  atlcka  of  dynamite  ware  uaed  bla^ng  and  blowing  tKHitdera 
out  of  the  way.  Thia  was  an  unusual  condition,  yet  1  quota  It 
aa  I  had  to  meet  It  and  overcome  It.    It  flgurea  In  with  the  coat 

On  water  the  machtnea  are  aet  up  on  mfta  IT.G  x  14.6  fL  compoaeS 
ot  timbera;  planka  and  oil  barrela  and  cooatructed  ao  aa  to  allow 
IIh  raft  to  be  movod  away  from  the  pipe  ahould  occaalon  require. 

There  need  be  but  little  time  loat  during  the  winter.  Qreater  care 
fa  neceaaary,  however,  to  prevent  the  pumps  and  pipea  from  treexlng 

Conqtaiing  the  working  of  the  two  types  of  macblnea.  during  one- 
quarter  ot  the  year  (3  montha).  the  Carpmter  machine  drove  11 
hole*  to  a  total  depth  of  l.BOl.l  ft.  at  a  total  labor  coat  of  ITS0.3G, 
eiploslvea  and  freight  ttl.ti,  which  la  equivalent  to  G3.1  ct  per  ft 

TIm  Sullivan  machine  drove  22  holea  In  the  same  time  to  a  total 
depth  of  1.SS4.8  fL  at  a  labor  coat  of  t<ST.04.  exploetvea  and  frel^t 
tlI.4S.  which  la  equivalent  to  Gl.S  cL  per  ft 

Comparing  these  two  earn*  macblneB  on  a  aingia  hole  each,  we 
have: 

Carpenter.  Bulllvan. 

Looae  material   0  0  to  4!.(      0.0  to  G3.I 

Bard    padced    42. •  to  T2.0      ii.S  to  Tl.G 

Bock    T2.0  to  7S.g     74.B  to  76.8 

Tbne  boring   (Including  1  rainy  day) I.SE  daya      4.!S  daya 

Cost  per    toot    43.T  cts  4G.8  cts 

gnuuntt*  (40%)    t.G  Iba.  G     lbs. 

Euetrlo  ezptoaera T  E 

Time  retnoTlng  drill  rod S  mine.  13  mina 

Time  rwmoving  csiUng SS  mlna  10  mine. 

Other  compariaona  ml^t  show  advantage  to  the  other  machine. 

As  oar  bualnesa  was  to  locate  the  rock,  I  caused  the  men  to  drill 
tato  Bad  blast  upon  tt,  thus  making  sure  of  It.  The  rock  drills  come 
along  later,  but  are  not  subjects  of  thla  article. 

KMther  of  these  machines  la  adapted  to  drilling  In  rode  They 
can  drive  the  caalng  to  the  rock  and  no  further. 
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canal  or  deep  waterway  connecting  the  Great  I^kes  with  Atlantic 
tide  waters  the  character  o(  the  excavation  was  sought  by  mikklnK 
25  diamond  drill  borings  and  some  hundreds  of  wash 
drill  borings  along  the  various  routes.  In  the  folio  wins 
paragraphs  we  summarize  from  the  scattered  data  In  the  report  of 
the  Board  of  Engineers  such  facta  as  are  given  regarding  th« 
methods  and  costs  of  making  the  wash  borings.  These  figures  are 
not  so  complete  In  detail  a»  might  be  wished,  but,  with  the  omis- 
sions kept  In  mind,  should  prove  a  reoaonably  good  guide  for  engl- 
naera  about  to  undertake  similar  work.  In  presenting  the  record* 
we  shall  take  up  the 
soma  of  the  features  c 

Organltation,~-TliB  organliatlon  ot  the  boring  parties  on  the 
•everol  routes  varied  somewhat.  UsuBlly,  however,  they  comprised 
for  each  route  a  superintendent  having  charge  of  all  the  boring 
gangs  and  one  or  more  boring  gunga  composed  of  a  foreman,  three 
or  lour  laborers,  and  a.  teamster  with  team  and  wagon.  The 
wages  paid  are  not  gU-en  In  the  report,  but  fur  BloiUarly  organized 
gangs  for  diamond  drill  work  they  were  as  follows:  Superintendent, 
tl25  per  month;  foreman,  (lOQ  per  month;  laborers,  %56  per 
month;  teamater  with  team  and  wagon,  fTB  to  190  per  month. 
It  is  fair  to  assume,  since  the  time  and  location  of  the  borings  were 
the  some  and  the  work  was  done  tor  the  same  employer,  that  about 
the  same  wages  were  paid  to  the  wash  boring  gangs. 

MetJiod  of  Borings. — The  boring  process  was  the  usual  one  of  the 
method,  but  the  outfits  used  varied  considerably.  Whatever  the  out- 
fit the  process  consisted  In  alternately  "driving  casing"  and  "drill- 
ing" until  "bottom"  was  reached.  Where  obstructions  w«re  en- 
countered that  could  not  be  passed  by  drilling,  they  were  removed 
by  pulling  the  drill  rod  and  lifting  the  casing  3  or  4  ft.  and  then 
firing  a  stick  or  two  of  d^amlte  at  the  bottom  of  the  hole. 

Routet. — In  making  the  surveys,  two  routes  were  considered  for 
getting  from  Lake  Erie  to  Ljike  Ontario.  One  was  from  Tonawanda 
via  I-ockport  to  Olcott  and  the  other  was  from  Lasalle  below 
Tonawonda  to  I^ewlston,  bath  on  the  Niagara  River.  Two  routes 
were  also  considered  for  getting  from  L^ke  Ontario  to  the  Hudson 
River.  One  route  was  from  Oswego  via  the  Oswego  River,  Oneida 
Lake  and  the  Mohawk  Valley  to  Norman's  Kill  on  the  Hudson,  and 
the  other  was  along  the  St.  Lawrence  River  to  Lake  St.  Francis, 
then  up  Lake  Champlain  and  across  country  to  the  Hudson  River. 

Tonateanda-Olcoll  md  Latalle-Leulalox  RaiitEi. — The  borings  for 
these  routes  were  taken  on  sections  1,600  ft.  apart  and  were  carried 
to  rock  or  to  a  depth  below  tne  bottom  of  the  proposed  10-ft  chan- 
nel. On  the  Tonawanda-Olcott  route  the  materials  penetrated  were 
■and  and  gravel  and  sand,  clay  and  sand,  bird  cla7  and  hardpan. 
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tnd  on  the  Laaalle-IjeTlstiin  route  they  vere  sand,  cravel,  dAT  and 
hirdpan.  Tbe  force  RuucinK  the  borings  conelated  ol  one  Buperln- 
tarient  and  three  boring  parties,  each  composed  ol  a  toreman, 
tbreb  laborer*  and  a.  teamster  with  a  team  to  haul  water  and  mova 
the  miichlnes  from  bole  to  hole.  In  oil  404  holes  were  bored  to  an 
anresate  d^th  of  9.tU  ft  The  coat  of  the  work  wai  ai  follows ; 
Item.  Total.        Fer  toot- 

SalariBS     tE,5El-ll      tO.ETtt 

TraveUhK    ezpenaes 12S.91        D.OItS 

Plant    S41.0E        O.OITS 

EipIosiTes    123. S7        0.0211 

FrelEht  and  express    O.TO        

Office  erpensea    13.00       0.0034 

tt,Gg3.«G      tO.SStS 
These  IlKures   do   not   tnclude  the   coat  of  surveys  locating  tbe 
tiore  holes,  but  they  do  Include  the  total  cost  ot  the  plants  which 
was  considered  sunX  when  the  work  was  completed. 

OnB«ao-Mo}iavik  Route,  Wettem  Dlvitian. — The  borings  on  the 
Western  Division  of  the  Oawego-Mobawli  route  extended  from  Os- 
wess  to  Rome  and  comprised  the  work  In  Peter  Scott's  swamp, 
Oneida  Lake  and  Oswego  River  and  Oswego  Harbor.  For  the 
Oswego  river  and  harbor  work  the  machines  were  mounted  on  small 
Datboats  with  open  wells  at  the  center.  The  work  on  Oneida  Lake 
was  done  through  the  Ice.  In  all  T60  holes  were  bored  to  an  afgre- 
Bate  depth  of  33,711  ft.  and  IncludlnK  the  depth  hi  water.  The 
cost  of  the  work  was  as  follows: 

Item.  Total.      Per  foot 

Salaries  tlS.tlS.or     

Traveling   expenses    31B.7! 

Plant    S,03E.01 

Explosives 

Freight  and  express 

Office  expenses   


0.006S 


Total     123,812.03     10.7007 

Osweiro-JToftatDk    Route,    Raatent    DlviaUm. — The   work  on   this 

ronte  comprised  290  soundings  bv  hand  with  a.  steal  rod  and  1,602 

actual  borings;  amounting  together  to   £5.621  ft.  aggregate  depth. 

As   Indicating  the  chaiacter  ot   the  boring  tbe  toUowhig  table  is 

■Ivati: 

Earth  7,011 

Sand    30,708 

S«'    'MO 

Blue  clay 177 

Qmvel   J,81B 

Shale    101 

Hardpah    100 

Quicksand 1,639 

Band  and  gravel   2,723 

Sand  and  clay 8,170 

Clay  and  gravel   700 

Sand  and  shale  2(3 

Clay  and  shale   SD2 

Oravti  and  atone  106 

Gravel  and  boulder   177 

Hardpan  and  boulder   37 

Hardpon  and  atone   II 

Sand  and   cobble  '. 03 
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OrttT«l  and  ihaJa   Jtt 

Band,  cravel  and  stone   11 

Sand,   loani  and  mud tOO 

Band,  clay  and  fravM  1,B41 

Onivel  and  cobble Bl 

Hud    <17 

Rock   ■!« 

Total  penetration,   ft EE,B21 

Four  tyiie*  of  machlnea  were  used  on  the  work,  two  being  manu- 
facturera  macblnee,  one  a  Pierce  well  borlni  machlnQ  and  one  a 
Sullivan  wBBh  drill,  and  two  being  home-made  aSaira  The  flret 
Of  theae  latter  conslBted  of  a  simple  tripod,  with  a  pulley  at  the 
apex  and  a  rope  paaolng  over  the  pulley  and  attached  alternately 
to  a  wooden  maul  for  drtvInK  casing  and  to  the  drill  rod.  The  sac- 
ond  of  these  home-made  devices  was  more  elaborata  It  consisted  ot 
a  frame  like  a  small  pile  driver,  that  la  two  leads  with  back  braces 
mounted  on  base  timbera  The  leads  were  IG  ft.  high  and  the  dis- 
tance between  the  bottoms  of  the  leads  and  back  braces  was  4  ft. 
The  base  extended  2  ft  In  front  of  the  leada  A  pulley  between  tbs 
leads  at  the  top  and  one  set  In  brackets  In  front  of  It  provided  for 
handling  the  hammer  and  the  drill  roda  The  hammer  was  of  Iron, 
with  a  hollow  In  the  bottom  for  a  wooden  cushion.  In  operation 
the  machine  was  guyed  by  two  wire  ropea  It  could  be  loaded  onto 
a  two-horse  wagon  In  It  mlautea  and  unloaded  and  set  up  In  the 
■aine  length  of  time. 

The  boring  gangs  each  consisted  of  a  foreman,  three  or  four 
laborers  and  a  teamster  and  double  team.  A  superintendent  of 
borings  had  charge  ot  all  the  gangs.  The  borings  varied  from  a 
taw    feet   to    190    ft-    In   depth.      The   cost   of    the   work   waa   as 

Item.  Total.  Per  ft. 

Salaries    lia,4T0.g0  tl-4T<* 

Traveling   expenses    <S7.i:  0.0114 

Plant    repairs   and    tools.... 2,187.03  0.0411 

Explosives    111. 10  O.OOIt 

Freight  and  express ISl.Et  O.OOII 

Office  expenses  »g.08  0,0054 

Total     tSO.OET.lS  (0.5410 

ChampUm  Route,  Ogdenaburg  lo  Lake  St.  Franeit. — The  borings 
along  this  route  were  made  partly  on  land  and  partly  In  water, 
using  a  Sullivan  machine.    The  division  was  as  follows ; 

Item.  No.  holes.     Ft.  depth.   * 

Sand   borings   148  7.061 

Water  borings   IGl  l.ltt 

Total     -. 109  O.IIB 

The  cost  of  the  work  w^s  as  tollowa : 

Item.  Total.  Per  ft. 

Salaries    11,103.11  tO.SEEl 

Traveling  expenses 4Sg.1T  0.04TT 

Plant    repaira   tools SSO.»t  O.OOOf 

Bxplosives 319.38  0.O34T 

Freight    and    express 71, G4  0.007> 

Office  expenses   54. S4  0.0050 

Total     t7.1I8,sr  |D.841t 
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CkoMpIaM  Route,  Bitdao»  RIvar  i)<t>i«ton.— Tbla  line  ol  boiinss 
basui  in  Lake  Ctuunplain  at  Port  Henry  and  rHO  to  WhttetwlU 
Uwoce  acroai  country  to  Fort  Bdward  on  the  Hudson  River  snd 
Itunce  down  tbe  river  to  tbe  State  Dam  at  Troy.  Prom  Troy  to 
FWt  Sdward  One  iwrty  cooelatlnB  ol  a  foreman,  three  laborers  and 
a  teamiter  and  1  borsea  made  the  borlngB  on  land,  and  one  party 
conMMIng  ot  a  foreman  and  three  laborera  made  the  borlngg  In  tbe 
rtter.  At  Fort  Bdward  the  river  party  wna  tranaterred  to  land. 
ttvlnB  two  Und  parties  to  WhItehalL  For  the  river  work  a 
catamaran  was  used  alnoe  It  could  be  taken  Bpart  and  (anied 
aromid  dame.  On  I«ike  Cbamplaln  the  borlnss  were  made  through 
Ihe  Ice.  Afl  moat  of  the  work  was  done  In  cold  weather  It  waa 
neceaaarr  to  house  the  machine  to  keep  the  pumoe  and  water 
nrfvel  from  freeslng'.  A  small  shanty  was  built  on  runnara  and 
hauled  from  hole  to  hole.  It  had  trap  doors  In  the  floor  and  roof 
sod  contained  a  stove.  With  this  arranKement  boring  waa  carried 
on  aucceasfulty  at  — S0°  F.  Tbe  materlale  penetrated  on  Lake 
Champlaln  were  ^t  and  sand  and  boring'  was  very  easy  as  la  Indi- 
cated by  the  tact  that  Z0.189  lln.  ft  of  borings  were  mode  for 
I1.2IB.  or  11.24  cts:  per  lln.  ft.  The  itonlxad  cost  of  tbe  borlnss 
as  a  whole  waa  as  follows: 

Item.  TotaL  Per  ft 

flalarlea   tt,lES.23 

TravaUnK  eipenaes    1ES.4> 

Plant,    repairs,    tools 6(1.27 

Biploalves 40.74 

FreiKht  and  express G0,40  ..   ... 

Office  expeneee   74.12  0,0013 

Total     tT.lTLSB  lO.ltlB 

The  total  aevregate  depth  of  hole  waa  67.991  Un.  ft 
Bvdaon  Jtlver  Sxnrev,  Bud*<m  to  Troy,  S.  T. — Tbe  borlnga  along 
this  line  were  made  with  an  outfit  mounted  on  a  catamaran  and 
M  aeowa;  allt,  day,  ccarae  and  fine  sand,  gravel  and  boulders 
were  tbe  materials  penetrated.  A  tU-ln.  caalnr  and  "B  drill  rods," 
with  X-blt«  were  uaed.  The  drilling  gans  consisted  of  one  foreman 
and  three  laborers.  For  removing  obstructions  40%  Atlas  powder 
waa  uaed,  from  ona-lialf  atlck  to  two  sticks  for  a  charge.  To  get 
nme  of  tbe  holes  below  tbe  depth  required  Tor  a  SO-ft  channel 
or  to  rock  required  from  10  to  30  shots.  In  all  1,3SG  borings  were 
made  to  an  aggregate  depth  of  28,S>E  It  The  coat  of  the  work 
waa  as  follows: 

IMm.  TotaL  Per  ft 

Salarlea  fE.ssz.ET        |0.19SI 

TraveUng  eipMisea    t»9.M  0.0104 

Plant,   repatra,   toola I.IOE.SI  0.D3S1 

Bxplorivee    10E.98  0.003T 

Freight  and   expreea 18.03  O.ooxl 

Office  expenees   19.71  O.OOil 

Total    37,372.40  10.3507 
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Co«t  of  Boring  Tcit  Holci.*— In  maklnc  teat  borinss  moat  ma- 
chlnea  use  water  to  wash  up  the  material  or  to  make  ihe  drlllint 
easier,  hence  theae  borlnKs  are  called  "waah  borings."  The  i^ter 
chongea  some  eartha  materially,  softening  some  and  washlag  away 
tine  sanda  For  this  reason  wash  borings  are  not  alwaya  aatisfac- 
tory,  where  samples  of  the  earth  are  desired.  A  machine  that  wilt  do 
this  work  without  water,  and,  at  the  same  time,  takes  a  core,  la  ot 
great  value  to  engineers  and  contractors- 
Fig.  6  shows  a  light.  Inexpensive  and  portable  machine  that  wlU 
do  this  work  quite  cheaply.  Its  operstlon  Is  simple,  and  th*  general 
prtnclplo  Is  as  follows: 

The  drilling  la  done  with  one  of  several  tools— adapted  to  the 
particular  kind  of  material  being  drilled — attached  to  the  drilling 
rod.  The  tool  and  rod  are  operated  Inalde  the  casing  by  the  men 
oil  the  platform,  who  raise  and  drop  them  like  a  "chum"  drIU. 
The  men  on  the  ground  rotate  the  casing,  which  has  a  sharp  cut- 
ting shoe  on  the  lower  end.  The  casing,  with  Its  burden  of  plat- 
form and  men,  thus  keeps  cutting  and  sinking  Into  the  ground 
several  Inchea  ahead  of  the  tooL  A.  horae  may  be  substituted  for 
the  men  who  rotate  the  casing. 

The  material  which  enters  tbe  casing  la  drilled  and  forced  Into  a 
Hand  pump  at  the  same  time.  The  pump  la  occasionally  lifted  out 
of  the  casing,  emptied  and  the  contents  noted.  Any  material  can 
be  penetrated  until  the  solid  bed  rock  Is  reached.  An  accurate  core 
Is  obtained,  and  the  exact  nature  of  the  ground  drilled  Is  readily 

Four-Inch  pipe  Is  generally  used,  with  a  special  coupling  that 
makes  a  perfectly  flush  Joint :  that  is,  all  of  the  couplings  have  the 
same  outside  diameter  as  the  pipe,  which  makes  It  very  easy  either 
to  sink  or  remove  this  casing.  Instead  of  the  4-ln.  pipe  or  casing. 
S-ln.  or  even  2U-In.  casing  can  be  used  If  desired,  and  It  will  make 
more  rapid  work,  but  of  course  would  give  a  smaller  core. 

After  the  hole  Is  finished,  the  pipe  is  easily  withdrawn  because 
the  casing,  having  been  constantly  rotated,  IB  always  tooM.  both 
while  sinking  and  removing. 

In  estimating  the  coat  of  operating  this  drill  there  Is  Uttla  else 
to  be  calculated  bealdes  the  labor,  as  the  repairs  conatltute  a  small 
part  of  the  operating  expense.  Of  the  laborers  employed,  one  must 
be  a  foreman  or  driller,  another  an  ordinary  pipeman,  and  the  bal- 
ance of  the  crew  common  iaborera  When  the  casing  or  piping  with 
Its  platform  la  rotated  by  a  horse.  Instead  of  the  men  on  the  ground. 
It  effects  quite  a  saving  In  the  cost  by  dispensing  with  three  or 
four  men.  If  the  ground  does  not  contain  heavy  boulders,  and  the 
holes  are  not  over  3E  of  40  ft  deep,  six  men  will  be  sufflclent.  or 
three  or  four  men  and  a  horse :  the  cost  of  this  crew  will  gener- 
ally be  not  more  than  flE.OD  per  day. 

With  the  1-In.  else  hole  BO  ft.  of  hole  per  day  have  been  drllUd 
at  a  cost  of  SO  eta  per  foot.    Twenty-Bve  to  thirty  fset  of  hoi*  p«r 

*SiiBineeriHB-Ccntractln(l,  Jan.  S»,  HOB. 
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Fig.  6.     Hand  DrllL 
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day   will    be  aT«ras«d   through   hard   cemented   gravel   coatalnlns 
bouldere. 

Ifr.  ThoB.  Q.  Byan  used  cine  o(  the*a  drilli  on  LonK  laUnd  put- 
tins  down  a  number  ef  hnlaa  throuKh  aand  and  gravel,  wlCh  occa- 
■lonal  itrats.  of  cla/,  and  In  some  cases  encountering'  large  bouldera 
About  40  teat  borings  were  made,  each  hole  averaging  it\i  ft.,  the 
total  lineal  feet  drilled  being  2, (El.  Tha  time  consumed  In  this 
work  was  IS  days,  working  9  hra  per  day.  The  cast  given  below 
Includes  the  drilling,  dtawlRg  tha  casing,  and  moving  and  setting 
up  drill,  thus  covering  a  number  of  removale  Over  a  coaddorabla 
period  of  time. 

The  total  cost  of  the  work  was: 

1  foreman  7S   daya  at  MOO t2>2.O0 

1  plpeman  TS  days,  at  11.00 IIB.OO 

»  laborerB  T3  days,  at  ll.&D  each SlS.tO 

1  horse  78  daya  at  (1.00 71.00 

Depreciation,  Interest,  renewals  and  Incidentals..     81.71 

Total  cost  1004. at 

The  average  work  done  each  day  *'>'  SS.t  't,  which  give*  the 
following  unit  coat: 

Per  lln.  f  L 

Foreman    (0.1  tl 

Plpeinan    O.OIS 

Horse    O.OIO 

Interest,  repairs,  deprec.,  etc O.OII 

Total     t0.40e 

The  machine  Is  the  Bmplre  Band  Drill,  made  by  tha  New  Turk 
Engineering  Co.,  i  Rector  &L,  New  York  City. 

In  this  article*  we  give  the  work  of  a  hand  drill  used  tor 
prospecting  In  Colombia,  South  America-  The  drill  was  an  Stmplre 
Hand  Drill,  manufactured  by  the  New  Yoik  Ehiglneerlng  Co.  of 
New  York.  The  work  was  done  under  the  direction  of  Xr.  Clar- 
ence R.  Snow,  during  the  autumn  of  1008. 

Tha  work  was  done  with  native  peons  or  Indiana  who  had  never 
•een  machinery  of  any  kind  befara  The  country  In  which  the  holes 
were  being  sunk  was  covered  with  forest,  the  bush  and  under- 
growth In  many  places  being  very  heavy.  To  move  the  drill 
from  hole  to  hole  a  narrow  path  was  cut  through  the  undergrowth 
0  or  7  ft.  high.  A  small  Sat  bottom  boat  was  used  to  carry  the 
drill  across  tha  river,  there  being  consumed  about  half  an  hour  to 
do  thla  As  there  are  no  roods  In  Colombia  It  would  tra  almost 
Impossible  to  work  a  steam  drill,  owing  to  the  dlRlculty  of  moving 
It  from  place  to  placa 

Four  men  were  used  to  turn  the  casing,  and  four  men  did  the 
drilling,  an  additional  man  being  ueed  for  cutting  trails.  The  en- 
tire crew  was  used  to  draw  the  cailng  and  move  the  drill  from 
hole  to  hole.    The  following  Is  a  record  of  seven  daytf  work. 

First  Day. — Carried  outfit  across  river  In  boat  and  began  hole 
No.  1.    Hade  14  ft.  in  top  soil  and  11  ft  in  gravel  by  E  p.  in. 
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S«con4  I>ay. — Ftnlshed  hole  No.  1,  2 1^  ft  more  to  bed  ndc.  total 
11^  ft.  Fulled  cosliiK  Bnd  b^an  hole  No.  2,  100  ft.  distant  before 
noon,  and  mink  the  hole  IT  (t.  deep  to  bed  rock  before  1  p.  m. 
Pulled  cadng  and  moved  to  bole  No.  S,  drilling  S  ft  Id  overburden. 

ndrd  Dsr. — FUUahed  hole  No.  I,  14  ft  deep.  Pulled  caalng  and 
■tarted  bole  No.  3  by  2  p.  m.  Paeeed  throuih  12  ft  of  over- 
bUTdeo  and  10  ft.  at  sand  and  gravel  by  5  p.  m. 

Fourth  Day. — Flnlehed  hole  No.  4,  which  wsb  28  ft  deep  to  bed 
roc^  Pulled  caelnK,  cut  trail  and  moved  to  hole  No.  5,  290  ft 
northeast  of  hole  No,  t,  and  started  new  bole  by  noon.  After  drill- 
ing VI  ft  through  overburden  an  old  burled  tree  was  itruclc,  but  the 
drill  went  through  It  eaally.     By  E  p.  m.  IE  ft  were  made  In  tbla 


SUth  Day. — Finished  hole  No.  B,  going  down  t  ft  more  to  bed 
rack.  Moved  outfit  ocrom  the  river  and  about  a.  mile  up  the 
river,  and  at  1 :4S  started  hole  No.  T.  Made  S  ft  In  overburden  and 
»  (t  In  gravel  by  B  p.  m. 

Seventh  Day.— ElnEehed  hole  No,  T,  2>  ft.  to  bed  rock,  and  moved 
SO  ft  north  and  euna  hole  No,  8.  22  ft,  to  rock.  Started  hole 
No.  >,  ED  ft  north,  and  made  (  ft  In  top  eolt  by  5  p.  m. 

Thui  In  Kven  dayi  of  drilling  2IS^  ft  were  drilled,  an  average 
ef  JOK  ft  per  day.  It  will  be  noticed  that  bs  the  men  became  ac- 
eiutomed  to  the  work,  they  Improved  a  little  each  day. 

With  the  Empire  dritt  an  auger  drill  spoon  li  used  that  wtU  cut 
through  hard  boIIb.  roots  and  sunken  logs  and  easily  penetrate* 
graieL  It  ptcka  up  any  material  and  brings  it  a«  a  core  to  the 
surface  with  a.  minimum  amount  of  disturbance  of  the  material  as 
tt  acluaUy  lies  in  the  ground.  Water,  as  a  rule,  I*  not  used  to  assist 
la  drlUhig,  ao  the  auger  will  pick  up  the  finest  particles  of  gold. 
If  It  Is  desired  to  use  water  In  drilling  It  can  t>e  done.  The  casing 
Is  pulled  by  levers  with  a  very  simple  device. 

With  wages  at  tl  per  day  for  the  men  the  expenses  were  about 
(It  per  day.  allowing  |1  for  Incidentals,  the  cost  per  foot  was  about 
It  cti.  With  standard  wages  the  cost  per  Ua.  tt  would  have 
been  about  47  eta, 

Coet  ef  Testlnd  for  Brldoo  Founditloni,*— Mr.  F.  H.  Batnbrldga 
Is  author  of  the  following ; 

This  article  Is  confined  to  bridge  foundations,  although  much  of 
What  fallows  Is  also  applicable  to  foundations  for  buildings  and 
hydraulic  structures  and  preliminary  examination  tor  tunnel  con- 
Mructlon. 

Two  methods  of  testing  only  are  effective,  an  open  pit  or  well  for 
•h^low  toundatlous  and  the  core  drtll  lor  deep  foundations.     Bound- 
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Inc  with  ga»  pipe  or  rods  In  shallov  foundations  and  the  com- 
mon wall  drill  to  deep  loundatlons  are  not  satlBfacCary.  FIb-  t 
BhowB  two  croes-aectlons  of  a.  stream  at  th»  same  point,  the  doited 
line  being  the  tine  of  supposed  ledge  rocli  a.a  determined  by  a.  well 
drill  operatlns  a  chopping  bit ;  and  the  full  line,  the  correct  loca- 
tion of  the  ladse  rock,  determined  with  a  Sullivan  "HN"  diamond 
core  drill. 

In  general  two  Beta  of  borings  should  be  made  for  an  Important 
bridge  crossing:  the  first  set.  a  number  of  borings  on  the  center 
line  of  the  proposed  location,  to  determine  whether  the  site  is  a 
favorable  one.  and.  If  favorable,  to  determine  by  approximate  esti- 
mate the  moat  economical  location  of  Che  piers  and  the  length  of  the 
qians.  In  a  general  way  It  may  be  assumed  that  the  economical 
relation  Is  reached  when  the  cost  of  the  substructure  equals  th« 
cost  of  the  superstructure ;  but  inasmuch  as  the  cost  of  the  super- 
structure can  be  determined  with  considerable  accuracy,  while  the 
cost  of  the  substructure  Is  Involved  In  greut  uncertainty,  the  length 
of  the  spans  selected  should  exceed  that  of  the  apparent  econom- 
ical relation.  The  length  of  spans  chosen  may  also  be  Influenced  by 
other  than  economical  considerations,  such  as  government  require- 
ments, or  the  liability  of  Ice  to  gorge  agalnet  Iho  bridge. 

Having  made  a  tentative  location  of  the  piers,  borings  should  be 
made  at  each  iter,  and  In  the  case  of  pneumatic  or  open  dredged 
caisson  foundations,  one  boring  Siinuld  be  put  down  at  each  of  tba 

The  preliminary  borings  may  often  be  dispensed  with  when  there 
are  well  records  on  both  sides  of  the  river  In  the  vicinity.  These 
well  records  can  almost  always  bo  found  In  the  various  state  geo- 
logical reports,  which  can  be  had  at  any  public  library  In  the  slate. 
In  case  of  the  borings  at  Pierre.  South  Dakota,  to  be  described  later, 
the  well  records  were  so  good  that  borings  to  determine  the  length 
Of  the  spans  were  not  necessary. 

In  cases  where  pile  foundations  arc  feasible  and  the  river  bottom 
Is  Arm  enough  to  lay  concrete  on,  nu  borlnKS  are  necessary,  the  re- 
quired length  of  piling  being  hast  determined  by  driving  experi- 
mental piles;  but  Where  the  river  bottom  la  soft,  as  It  Is  In  most 
streams  with  a  sluggish  or  reversing  current,  borings  should  be 
made,  the  softer  malerlal  being  taken  out  dry  with  a  sawtooth  bit. 
This  Is  feasible  In  the  hardest  clay  or  the  softer  shales  and  gives  a 
perfect  knowledge  of  the  material  encountered.  Unless  dry  cores 
are  taken  when  feaaibie.  a  hard  clay  In  every  way  suitable  for  a 
foundation  may  be  overlooked  and  provision  made  for  carrying  the 
toundatton  farther  down  than  necessary. 

In  pneumatic  work  an  accurate  set  of  borings  with  a  core  drill 
Is  of  Incalculable  value.    These  advantages  are: 

1st,  The  final  location  of  the  caisson  can  be  accurately  deter- 
mined and  cut  stone  and  timber  ordered  without  any  waste  or  delay 
waiting  tor  material  for  which  no  provision  had  been  made. 

2i  The  contractor  In  bidding  on  the  work  knows  exactly  what 
material  Is  to  be  encountered,  and  wilt  make  a  lower  bid  when  thsra 
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U  no  uncertainty.  The  dllTerence  In  cost  between  handling  In  a 
calaean  material  which  can  bo  taken  out  throu^  the  blow  pipe  and 
material  which  muit  be  locked  out  In  buckets  Ig  very  great 

!d.  The  plerB  can  ba  located  In  the  moat  economical  position. 
Often  a  change  of  a  few  (oet  In  locating  a  pier  may  make  a  differ- 
«Dce  Id  com  o(  tons  of  thousande  of  dollara 

4th.  Much  can  be  learned  aa  to  the  character  of  the  tODndatlon 
that  cannot  be  learned  from  the  Interior  of  the  caisson.  In  lime- 
stone formations  subterranean  caverns  are  common,  and  In  both 
lime  and  sandotone  formations  overhanging  subterranean  cUtts  aro 
found.  The  existence  of  these  can  be  determined  With  the  drill, 
but  cannot  be  learned  from  the  Interior  of  the  caisson. 

Nearly  the  whole  North  American  continent  north  of  the  Ohio 
River  and  east  of  the  Missouri  River  has  at  various  periods  beMi 
covered  with  facial  drift ;  In  fact,  the  Ohio  and  Missouri  Rivera 
were  formed  by  glacial  action.  Below  the  recent  alluvial  deposits 
In  a  riverbed  In  this  district  will  be  found  glacial  deposits  of  ra.nd, 
■ravel,  clay,  till,  or  boulders,  sometimes  all  together  In  a  hetero- 
geneous mass.  The  extreme  determined  movement  of  the  greatest 
glacial  sheet  was  1,S00  mllea  Boulders  of  granite  tram  Canada 
and  Hinneaota  were  carried  as  far  as  Kansas  and  Hlssoutl.  One 
Of  the  boulders  in  the  river  bed  Is  therefore  liable  to  be  mistaken 
for  ledge  rock.  Usually  the  character  of  the  ledge  rock  fmi  bo 
learned  from  state  surveys  and  samples  secured  from  the  outcrops, 
Which  are  located  in  these  surveya  When  a  core  Is  obtained  which 
can  be  Identified  as  the  same  as  ledge  rock  It  may  or  may  not  be  the 
actual  ledge.  If  the  core  la  granite  or  some  older  formation  than 
the  ledge  rock.  It  Is  certain  that  a  boulder  has  been  reached. 
More  recent  rocks  sometimes  exist  as  pockets  In  earlier  forma- 
tions, *o  that  a  mere  difference  In  the  character  of  the  rock  from 
the  bed  rock  Is  not  conclusive  evidence  that  bed  rock  has  not  l>een 
reached.  When  such  a  condition  Is  liable  to  be  found  In  any 
locality  It  will  usually  be  mentioned  In  the  state  geological  surveya 
Boulders  of  granite  and  other  hard  rocks  must  be  removed  by 
placing  sticks  of  dynamite  at  the  bottom  of  the  stand-pipe,  with- 
drawing the  pipe,  and  exploding  with  an  electric  battery.  Boulders 
of  softer  rock  can  be  cut  up  with  the  chopping  bits  and  the  casing 
driven  through  them.  As  boulders  are  usually  separated  by  a 
matrix  of  sand  or  clay,  the  drop  of  the  rods  and  the  wash  will 
•how  thsm  as  boulders  and  not  bedrock  In  most  casea  though  this  Is 
not  always  conclusive,  as  pockets  sometimes  fliled  with  sand  ars 
common  In  limestone  ledges. 

No  definite  rules  can  be  given  to  cover  all  cases,  and  it  Is  best, 
especially  where  there  is  any  uncet^lnty.  to  put  down  a  hole  at 
each  of  the  (our  confers  of  a  pier.  Where  the  drill  strikes  first 
rotten  or  sap  rock,  gradually  Increasing  In  hardness  until  known 
ledge  rock  is  reached,  this  Is  conclusive  evidence  of  bed  rock.  It 
Is  tkest  to  take  out  very  soft,  rotten  rock  with  a  saw  tooth  bit 
worklHK   dry. 

Drill  tests  for  foundations  of  the  Chicago  and  Northwestern  Rail- 
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TC7  bridge  acrooa  tbe  Ulssourt  River  at  Pierre,  South  Dakota. 
*cre  besun  In  December,  190S.  The  drill  used  was  a  Sullivan  Ha- 
eUnery  Companr'a  "HN"  diamond  drill,  operatlns  i-ln.  core  bits; 
lli-ln.  atand-plpe  and  S-In.  cartng,  both  with  Biuh  Joints  were 
uKd.  BorlnKS  at  the  sites  of  tbe  river  piers  were  tnade  from  tba 
let.  In  general  four  holes  wero  put  down  at  the  site  of  each 
Eler.  On  diagonally  opposite  comera  holes  were  put  down  t« 
aboDt  90  ft.  below  low  water,  and  on  the  other  two  comers  to 
lA  fL  below  low  water.  Thirty-three  boles  In  alt  were  put  down, 
scsregstlnr  a  leogth  below  the  river  bed  or  ground  level  of  I,lTt 
R.,  of  which  1AM  ft.  was  In  sand,  gravel,  and  boulders,  and  B2t 
ft  In  shale,  with  occasional  small  lenticular  pieces  of  llmestona 
On  tbe  east  or  left  bank  heavy  beds  of  glacial  drifts  were  encoun- 
tered and  there  was  some  dllHculty  In  putting  down  stand-pipe  and 
oslng.  The  boulders  were  broken  up  with  dynamite.  In  shale^ 
Mw  tootb  bits  were  used  entirely,  the  borti  bit  being  used  only  In 
lbs  limestone  pocketa 

Tin  work  of  setting  up  the  drill  was  SUrted  Decemlnr  B,  1906. 
and  the  first  boring  acarted  December  S,  IRDG.  with  one  shift  work- 
ins  ID  houra  On  January  IT.  IttOfl.  a  second  shift  working  10 
bourn  wae  put  on. 

Shale  was  found  practically  level  over  the  entire  cross-section 
u  4!  ft  below  water.  There  waa  apprehension  upon  encountering 
an  underground  Sow  of  water  In  the  upper  strata  of  tbe  shale, 
but  In  no  case  was  this  more  than   a  few   feet  below  the   top  ol 

Caissons  for  the  permanent  plera  penetrated  the  shale  from  4 
to  t  ft  and  the  material  encountered  was  accurately  described 
bi  the  record  of  the  borings.  The  cost  of  the  drilling,  including  10 
per  cent  for  depreciation  of  plant  and  tools,  was  about  12,404. 
or  about  tt  per  ft. 

Id  190S  the  Northwestern  Hallway  began  tests  to  locate  suitable 
foundations  for  a  new  bridge  over  the  Mississippi  River  at  Clinton, 
I**a-  The  same  apparatus,  tools,  piping,  etc.,  were  used  at  Pierre, 
but  tbe  manner  of  working  and  the  materlala  encountered  were 
•sssnUally  different-  Theee  borings  were  started  In  April,  and 
It  boeame  neceesary  to  mount  the  drill  on  a  scow.  The  scow  wa* 
IS  ft  wide,  32  ft.  long  on  the  bottom  and  17  ft.  long  on  top.  with 
a  draft  of  16  Ina  when  loaded.  Experience  In  rough  water  showed 
Ibat  a  scow  10  ft  longer  on  top  with  somewhat  more  rake  to 
(be  ends  would  have  been  more  eervlceabte.  The  tripod  consisted 
of  three  pieces  of  Douglas  flr.  ExS  Ina  and  21  ft.  long.  An  8-ln. 
wrought  Iron  pipe  near  the  center  of  the  scow,  bolted  with  a  pipe 
Ibnge  to  the  bottom  of  the  scow,  made  a  well  tor  passing  the 
stand-pipe,  4^   Ina  In  diameter,  and  the  casing,  3  Ina  In  diameter. 

Tbe  materials  encountered  were  In  order  aa  follows :  Recent 
alluvial  sands,  glacial  drift  of  gravel,  sand  and  boulders,  a  Miale 
ronslsling  of  sand  with  a  clar  roatrli,  and  finally  limestone  bed 
rock.  The  upper  stratum  of  bed  rock  was  Identined  by  fossils  and 
ceaeral  appearance  as  belonging  to  the  Oower  stage  of  the  Niagara 
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TCrlsB  of  Silurian  rocks.  This  overlaid  conformably  rock  at  tha 
Delaware  staBO  of  the  Bame  series.  In  the  middle  of  the  river  the 
Gower  rock  and  nearly  50  ft.  □(  the  Delaware  rock  had  been  en- 
tirely eroded.  Great  care  was  taken  to  ascertain  the  possible 
existence  of  subterranean  pockets  or  overhanging  cliffs  In  the  rock. 
Only  two  of  these  pockets  were  found,  however,  both  in  the  same 
borlns,  and  these  were  only  I  and  fl  Ins.  In  depth.  Both  were 
filled  with  sand,  consisting  of  about  equal  parts  of  quarts  and 
dolomite  sand.  Some  of  the  borings  were  carried  down  30  to  40 
ft  Into  the  bed  rock  to  determine  the  possible  existence  of  these 
subterranean  pockets. 

All  the  boulders  encountered  were  such  oa  could  easily  t>e  broken 
with  the  chopplnB  bit  aiifl  no  flynamtte  was  found  necessary.  To 
determine  the  consistency  of  the  shale,  cores  were  taken  out  With 
saw  tooth  bits  working  dry,  showing  perfectly  the  consistency  of 
the  material.  The  saw  tooth  bit  or  the  chopping  bit  working  with 
the  pump  gave  no  Idea  of  what  this  nmterlal  was.  and  without  the 
expediency  of  the  dry  core  an  excellent  foundation  would  have 
been  overlooked,  and  a  foundation  sought  30  ft.  lower.  It  is  In- 
tended to  use  pneumatic  caissons  In  all  the  piers  except  the  shore 

Borings  In  the  limestone  were  made  with  a  borti  bit  when  the 
water  was  still,  and  with  the  chopping  bit  lal:ing  occasional  cores 
with  the  saw  tooth  bits.  Fully  36  per  cent  of  the  boring  In  the 
limestone  Was  made  with  the  bertx  bit  The  work  of  mounting 
tba  drill  woe  started  April  3  and  the  flrst  hole  begun  April  7.  The 
work  was  finished  June  6.  working  one  shift  of  10  hra  per  day. 

The  aggregate  length  of  casing  put  down  was  S1I2  ft  The 
aggregate  length  of  casing  driven  through  hard  material  Was  10IS.6 
ft.  The  aggregate  lenglii  of  borings  in  shaie  was  86  fL.  and  In 
limestone  Z2e  tL    The  cost  was  as  follows: 

Labor    t    46fi.l8 

Coal    134.41 

Depreciation  of  bortz.  estimated 200,00 

Scow    387.24 

Depreciation  on  tools,  pipe,  etc 300.00 

11.367.81 

The  scow  still  has  a  value  which  Is  somewhat  uncertain.  Omit- 
ting this  crcdll,  the  cost  amounted  to  (l.BJ  per  IL 

Costs  of  Making  Test  Borings,  III.,  Etc.*— Despite  the  wide  use 
of  test  borlngo  few  engineers  or  contractors  seem  to  have  taken 
the  trouble  to  amass  data  on  the  cost  of  making  them,  at  least 
tew  such  data  can  be  found  In  print.  The  records  which  we  give 
here  are  from  scattered  sources  and  are  lees  complete  than  could 
bs  wished,  but   In  default  of  better,  they  are  of  Interest. 

The  several  prices  of  work  of  which  costs  are  given  were  done 
with  a  No.  80  Pierce  tubular  well  and  test  boring  rig.  This  machine 
consists  of  a  base  on  which  sets  four  uprights  serving  at  guides  for 
the  driving  hammers  and  the  pipe.    In  operotion  the  base  is  set  up 

'EnffHteering-Contracttni;.  Dec.  26.  1906. 
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k^el  B.Dd  the  hammer  !■  set  on  It.  The  four  Kuldes  are  then  toM- 
tened  In  position.  The  whole  machine  is  then  laid  aver  aldenlBe  on 
the  smuhd,  the  head  caatlng  Is  placed  and  the  hoisting  cable  is  con- 
necled  up.  The  assembled  machine  Is  then  lifted  to  a.  vertical  posl' 
tton  and  is  ready  for  worlt.  The  flrat  section  of  pipe  ivltli  the  steel 
cutting  shoe  attached  is  then  put  in  position  Xiy  raising  the  ham- 
mer and  attaching  the  pipe  guide  clamps.  The  pipe  Is  then  driven 
bj-  rBislng  and  dropping  the  hammer  eiactly  ns  In  driving  a  pile. 
The  pli»e  belnn  driven,  the  upper  part  of  [he  machine  is  slid  rear- 
irard  on  the  base  so  as  to  clear  the  pipe  and  a  2-ln.  discharge  tea 
Is  screwed  lo  the  tap  of  the  pipe.  The  drill  with  water  discharge 
boles  near  the  bottom  and  the  hollow  drill  rod  are  Inserted  In  the 
pipe  and  the  top  of  the  drill  rod  Is  connected  by  hose  to  a  hand 
pump.  One  man  then  pumps  water  down  the  hollow  drill  rod  while 
another  churns  the  drill  up  and  down  to  chip  and  loosen  the  male- 
rial  which  is  carried  upward  through  the  annular  space  between 
Pipe  and  rod  and  discharged  Into  a  pall  so  that  samples  can  be 
taken.  A  second  Joint  of  pipe  Is  then  screwed  on  and  driven  and 
tbe  drilling  and  working  out  process  Is  repeated.  In  this  way  by 
alternate  drilling  and  driving  the  boring  la  carried  to  the  required 
depth.  The  next  step  Is  to  take  out  the  pipe  so  that  It  can  be  used 
tor  a  second  hole ;  this  Is  accomplished  by  means  of  a  screw  lack 
apparatus.  With  the  No.  80  machine  a  2-ln.  pipe  [n  B  ft.  sections 
la  used.  The  limit  of  drilling  of  this  rig  Is  considered  to  be  about 
Its  fL,  for  dewier  holes  a  heavier  rig  Is  employed. 

I'MmAt  aitd  Dtaplai^nea  Rivart  BuTvev. — In  making  surveys,  plans 
and  estimates  (or  a  14-fL  waterway  from  I^ckport,  111.,  by  the 
Desplalneet  Illinois  and  MlssisBlppl  rivers  to  SL  Louis,  Mo.,  test 
borings  were  made  along  the  route.  From  the  otflclal  report  of  this 
work  ■QbDiitted  to  the  U.  S.  Qovemment  and  from  additional  data 
sent  us  by  Ur.  J,  W.  Woerman,  of  Peoria,  111.,  who  was  Assistant 
Ekigineer  In  charge  of  the  work  from  Lockport.  111.,  to  the  mouth 
of  the  Illinois  River,  we  have  prepared  the  following  description  of 
the  test  boring  work. 

On  one  of  the  quarter  boats  a  well  was  cut  through  the  rake  at 
one  end  through  which  to  operate  the  boring  machine.  A  lOx  10-ln. 
X  3!  fL  spud  was  provided  at  each  comer  of  the  boat  to  hold  It 
fast  while  drilling.  An  olttce  and  living  quarters  for  tbe  crew  and 
a  blacksmith  shop  were  Installed  on  the  boat.  The  machine  used  to 
make  the  borings  was  a  "Pierce  test  boring  rig  No.  BO."  It  con- 
sisted essentially  of  a.  2-In.  outer  pipe,  or  casing,  and  *-ln.  Inner 
pipe  or  drill,  with  arrangements  for  forcing  them  into  tbe  ground. 
Water  was  forced  down  the  smaller  pipe,  and  came  up  again  be- 
tween the  two  pipes,  carrying  with  it.  In  suspension,  the  material 
from  tbe  bottom  of  the  river.  The  casing  was  made  of  extra  strong 
wrouiflit  Iron  pipe,  screwed  together  In  5- ft.  lengths  as  It  was 
driven  down  by  a  2l)0-lb.  hammer.  The  hammer  had  a  maximum 
&II  of  S  ft.,  and  wa«  kept  In  line  over  the  casing  by  four  iron 
guides.  It  was  raised  with  a  small  hand  winch.  The  drill  was 
made  of  light  wrought  iron  pipe,  to  the  top  of  which  was  attached 
a  Hi-ln.  hose  connected  with  a  steam  deck  pump  on  the  towboat 
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A  band  pump,  furnlahed  with  the  boring  machine,  was  uied  only 
wh«n  It  VBS  necessary  to  send  tbe  towI>oat  away  from  the  borlnK 
txMLt  The  drill  was  churned  up  and  down  by  band,  when  the 
outer  cadnK  waa  not  being  driven,  and  the  material  which  came  up 
between  the  two  pipes  escaped  throuA  a  tee  connection  at  the  top 
of  the  large  pipe.  Samples  were  taken  frequently  by  catching  por- 
tions of  this  mixture  In  Dalls  and  allowing  It  to  settle.  In  order  to 
make  the  casing  drive  easily  the  drill  was  hept  from  1  to  6  ft.  In 
advance  of  the  casing:,  and  any  change  In  material  was  noted  aa  the 
drill  entered  It. 

The  borings  were  made  In  or  near  the  channel,  to  a  depth  of 
about  30  tL  below  low  water.  This  was  done  because,  whon  the 
boring  boat  was  anchored  and  the  machine  was  In  operation,  It  cost 
but  very  little  more  to  go  30  ft  than  to  stop  at  the  proposed  depth 
of  H  ft,  and  the  additional  Information  may  prove  valuable  at 
■ome  future  time.  As  a  rule  the  borings  were  spaced  about  half 
a  mile  apart  but  tf  rock  was  encountered,  or  If  there  waa  any 
other  decided  change  In  tbe  character  of  the  bottom,  the  holes  were 
placed  close  enough  together  to  dedne  the  limits  of  the  material. 
The  work  of  making  borings  In  the  river  bed  was  completed  on  July 
a,  1904,  and  the  party  dlstianded. 

The  materials  penetrated  were  mud,  sand,  gravel,  clay,  shells, 
soapstone.  coal  and  various  mixtures  of  the  above  materiala  When 
the  boring  reached  bed  rock  it  waa  necessary  to  stop.  Bed  rock 
was  not  struck  very  often,  however,  and  when  It  was,  additional  bor- 
ings were  made  In  the  vicinity  to  be  sure  that  the  drill  was  not  In 
a  boulder  Instead. 

The  boring  party  consisted  of  ten  men  who  were  furnished  with 
quarters  and  subsistence  which  coet  about  tlG  per  month  per  man. 
The  wages  paid  the  members  of  the  party  were  as  follows: 

per  month. 

1  civil  engineer  In  charge IIZG.OD 

1  pilot    TB.OO 

1  sleam  engineer   7E.O0 

1  flreman    &a.OD 

1  cook    SO. 00 

1  blacksmith    IG.OO 

1  night  watchman   3E.O0 

3  laborers,   at    tIG-DO lOS.OO 

10  men    IBeo.OO 

In  addition  to  the  above  wages  there  were  also  charged  against 
the  work  various  other  expenses  as  Indicated  In  the  following  para- 
graph from  the  offlclai  report : 

"The  cost  of  Hubslstencc,  while  the  men  were  on  the  quarter 
boats,  has  been  charged  to  the  various  parties,  according  to  the 
number  of  men  In  each  party.  When  parties  boarded  away  from 
the  quarter  boats,  the  amounts  of  their  board  bills  were  charged 
directly  to  that  branch  of  the  work  uiran  which  they  were  then 
engaged.  The  cost  of  the  construction  and  equipment  of  the  quarter 
boats;  the  cost  of  instruments,  tools,  office  furniture,  etc.,  was  also 
charged  pro  rata  to  the  various  branches  □(  tbe  work.     This  wni 
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ikme  In  ordor  to  nutke  tlie  total  coit  acree  with  Cb*  actual  amount 
(ijM&ded  on  the  aurvej',  but  as  this  ia  not  done  uauallr.  It  ahould 
b«  taken  Into  account  In  maktoB  compariaona  with  the  cost  at 
inr  other  lurveTS.  Thaae  Items  amounted  to  about  (18,000,  or 
sure  tban  one-tenth  of  the  total  amount  eipeadad.  These  article* 
are  all  In  good  condition  and  will  Elve  good  service  for  ilianr  yeara 
to  come;  The  co*t  flgurei  given  also  Include  a  portion  of  the  ei- 
paim  of  the  Chicago  office,  as  well  aa  all  OKpenaea  connectod  with 
the  Peoria  ones." 

With  ail  the  above  charges  included  the  coat  of  making  test  bor- 
ings on  thla  survey  waa: 

Total    cost    IT.T9T.0O 

Cost,  per   hole IS.TO 

Coat,  per  Un.  ft  ot  hole O.fi 

Brit  R.  H.— A  record  of  (our  weelrf  work.  No*.  7  to  Nov.  tt, 
iudustve,  on  the  Brie  R.  B.,  gives  the  following  figures ; 

Superintendent,    18    half  days,   at   t5 t  4G.00 

Fareman,   IS  days,  at  IS. SO 4T.E0 

Laborers,    41    day*,    at    t^OO 82.00 

Total    iluIS 

The  total  depth  of  hole  bored  was  69S,1  fL  The  labor  cost  of 
Diaklng  the  borings  was,  therefore,  24,9  eta  per  lineal  foot  Ot  hole. 
The  holes  were  bored  through  sandy  red  clay. 

Ntw  Turk  Central  6  Budaon  River  R,  R. — Two  test  borings  were 
made  ft  tt  deep  in  one  day  in  February,  1905,  for  some  work 
being  done  by  the  New  York  Central  A  Hudson  River  R.  R.  The 
borings  were  made  in  one  case  through  3  It.  of  froien  ground  and 
in  the  other  case  through  3  ft  of  ice.  moving  the  machine  ROO  ft 
trom  one  hole  to  the  other.  Both  borings  were  made  In  one  day 
■I  a  total  labor  cost  of  M  or  i^  ctH.  per  lineal  toot  of  hols. 

Tert    Boringi    with    Wood    Augers.*— Ur.    A.    C.    D. 
1b  author  of  the  following: 

The  borings  enumerated  below  were  made  In  the  city  ot  Toronto 
during  the  last  year  In  order  to  And  the  character  of  the  soil  to 
a  depth  of  from  )0  to  70  ft  These  borings  were  made  in  connec- 
tion with  several  works  which  were  aliout  to  be  built,  and  were 
taken  in  dUterent  parts  of  the  city.  The  ground  met  with  con- 
Msted  chiefly  ot  blue  clay,  although  seven  borings  were  made  In 
*et.  landy  clay,  and  four  were  made  in  filled  ground.  The  aver- 
age length  of  holes  Is  shown  tor  each  locality.  The  borings  were 
all  made  with  a  i^-ln.  carpenter's  machine  auger,  welded  to  the 
end  ot  a  \-la-  pipe.  The  K-tn-  P'pe  was  cut  in  sections  8  ft  long, 
and  each  length  was  added  as  it  l>ecanie  necessary. 

In  the  process  ot  tjoring  the  auger  was  turned  by  two  or  three 
men  with  StUlson  wrenches,  at  the  surface.  The  heavier  clay  re- 
quired three  men  to  turn  the  auger.  After  the  auger  had  bored 
trom  8  to  12  ins.     It  bad  to  be  removed  from  the  hole  and  cleaned 

*A  paper  In  Snaineertng-ContracUitO'  Aug.  II,  190S,  r^rlnted 
trooi  "The  Canadian  Ehiglneer." 
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(Lnd  then  replaced  In  the  hols,  and  continued  for  another  auger 
length.  Considerable  time  was  Ihua  lost  in  having  to  remove  the 
auger  and  getting  It  back  to  Its  position  again,  especially  after  Che 
hole  became  quite  deep.  Samples  were  taken  from  each  boring 
and  bottled. 

The  force  consisted  of  one  recorder  and  three  laborers  each  at 
|Z  a,  day.  The  work  wilb  done  at  all  seasons  of  the  year,  and  no 
time  was  lost  by  any  of  the  men.  The  cost  of  blacksmith  woHi 
and  teaming  amounted  to  about  E  per  cent  of  the  total  cost,  and 
the  coBt  of  material,  such  as  augers,  wrenches  and  Iron  pipe, 
amounted  to  about  10  per  cent.  The  following  la  a  statement  of 
the  Itemised  coat  of  the  work: 

(1)       HBAVT   BLni   CL,Ai:     10   INt.    OT  IICD    CIAT   OH   TOP. 

Number    of    holes 28 

Total   depth,    ft 100 

Average  depth  of  hole.  tt. St.! 

Cost.  Total  Par  ft 

Labor    1199  10.281 

Materials  and  blacksmith S4  0,048 

Total   mi        ti'sii 

Number  of  holes  4 

Total  depth.  fL 80 

Average  depth  of  hole,  ft 22.G 

Co8L  Total.  Per  ft 

Labor    %  H  »0.4SS 

MaterlaiH  and   blacksmith e  0.066 

Total    t  49  I0.BB4 

(3)     num.  auimitta,  cuitxt  SAnp, 

Number  of  holes 38 

Total  depth,   ft l.lfij 

Average  depth  of  hole.  ft. ■■i**;* 

tabor'' |2SJ'  |0.2B2 

Materials  and  blBcksroltb 41  O.OtT 

Total     ISSO  10.289 

(4)       HIATT    CLAT. 

Number  of  holes T 

Total  depth,  ft. 168 

Average  depth  of  hole.  ft. 21.7 

Cost  Total.  Per  ft. 

Labor    I  48  tO.Slfi 

Materials  and  blacksmith 9  D.OS* 

Total    i~6?  MTjIt 

Number  of  holes G 

Total    depth,    ft. 1«0 

Average  depth  of  hol«s )t 

CosL  Total.  Per  ft 

Labor    t  40  |0,260 

Material!   and   blacksmith S  0,OSS 

Total t  4<'  107218 
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CM  of  Orllllna  Trat  Holaa  with  a  W«il  Drillar.*— Thia  drtlUoc 
wu  dODH  witti  a.  Star  diilUnK  machine  (well  drlUlDg  type)  to  teat 
tlie  dte  of  a  double  track,  ateel  trestle  for  concrete  pedeatal  foun- 
datlooa  Seven  taolee  were  put  down  for  a  total  deplli  at  190  fL 
tbrouBh  clay  and  gravel  to  aolfd  rock,  tba  averaKe  deptti  of  aoll 
*aa  !l  ft.  and  the  average  penetration  Into  rock  waa  4  ft  The 
actoal  time  coneumed  in  drilling'  and  moving  from  one  hole  to 
uiother  waa  11^  daya  and  tho  total  dlitance  over  which  the  drill 
«u  moved  waa  TSO  ft  The  average  time  per  foot  of  hole  drilled, 
■Deluding  naovlng'.  was  SO  mina  The  contractor  fumlahed  the  drill 
and  labor  at  cost  plua  10  per  cant  on  labor,  and  his  bill  wa*  aa 

Rate.  TotaL  FL 

Drffler.    11)4    days t3.e0  HO.SS  $0.21! 

Helper,    llg    days 1.7S  20.13  .!0« 

Twunlng,   2.1    daya 4.00  8.10  ,0«4 

lAbor,   10  daya 1.76  IT.BO  .0»2 

Uee  of  drill.  11 M   daya 2.0a  23.00  .121 

CobL  4S  buahele OS  3.60  .018 

*%-[n.    casing,    64%    ft S5  13.13  .100 

Teaming  1  day  for  other  parties 4.00  .021 

1B%  for  supl.  and  use  of  tools  aa  atMve 8.63  .046 

Total   tl44.S4  |0.?«0 

The  above  cost  does  not  Include  any  charge  for  Inspection,  aa  the 
regular  Inapector  for  the  railroad  company  had  to  be  on  the  ground 
to  watch  other  work  and  could  eaaliy  keep  track  of  the  drilling. 
For  the  above  Information  wo  are  Indebted  to  H.  U.  Chapln, 
ReaiOent  Engineer.  F.  &  C.  B.  R. 

Coat  of  Diamond  Drilling,  Cross- Raferancss.— The  toresoing  data 
relate  to  costs  of  teat  borings  through  earth.     For  similar  teat  bor- 
ings In  rock,  see  the  section  on  Bock  Excavation,  under  Diamond 
DrUllng. 
Coat  Df  SInlclns  a  Wall.t— Mr,   Daniel  J.  Hauer  la  author  of  the 


The  well  waa  driven  In  a.  rolling  country,  where  rock  does  not 
occur.  The  materials  through  which  It  waa  aunk  were  stiff  red 
day  and  aand.  A  tidewater  marah  adjoining  the  site  of  the  well 
tanlibAd  a  poor  quality  of  water  to  start  the  Hinklng  of  the  drill. 
the  byilraullc  method  being  used.  All  remarka  made  by  the  writer 
wUl  be  regarding  driven  wella  The  distinction  being  made  from 
«P«n  wdls,  large  enough  for  a  man  to  enter. 

These  machines  are  generally  mounted  on  wheels,  with  a  mast 
«B  one  end.  This  mast  la  Jointed  about  e  ft  from  tbs  base,  ao 
as  to  admit  of  It  being  lowered  on  to  the  bed  of  the  machine,  when 
It  la  neceaaary  to  move  from  one  Job  to  another.  When  the  ma^ 
chine  la  In  use  the  maat  la  upright  and  la  guyed  and  held  In  place 
bj  two  brace  roda  or  tlmbera  bolted  to  II  near  the  lop.  The  bit 
used  on  aucb  a  machine  la  aolld  and  "the  string  of  toola"  consisted 
at  rodK   one  end  being  a  socket   and   the   other  a   bolt  end,   all 
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threaded  Tha  top  piece  hai  a  "rop*  eocket"  on  th«  upper  end,  need 
to  attach  It  to  t}M  machlna  _  With  such  a  well  borlcs  apparatui,  the 
bole  muet  be  cleaned  when  a  depth  of  from  1  (L  to  G  It.  hae  tweo 
obtained.  This  necaeeltatee  removlnx  the  borlns  toola  and  pumpInK 
out  the  debrta  or  "aludKs"  with  a  aand  pump,  all  o(  which  mn- 
•umee  "a  Iar(e  amount  of  time,  eepeclally  If  the  well  li  driven  to 
a  depth  greater  than  100  tt  The  hydt«ulle  method  of  driving 
wellB  obviates  the  uee  of  the  nod  pump,  and  In  welli  ol  any  depth, 
tbroush  eott  material,  le  preferable  to  the  other  method. 

Driven  welle  are  uniallr  from  6  Ina  to  It  ina  In  diameter.  A 
hole  leee  than  6  Ina  cannot  b«  driven  to  any  freat  depth  a*  the 
tools  would  have  to  be  ao  U^t  a>  to  run  grave  chancee  of  break- 
log  them.  Fifteen  and  elzteen-Inch  holee  are  the  maximum  at 
preeent,  owlnc  to  the  fact  that  tfaeae  eeem  to  be  the  Mae*  of  the 
plpei  for  caainK,  that  are  made  economically  nod  are  eaallr  placed 
In  the  welL  Uany  manufacturing  plant*  are  uelng  twelve  and 
fOurtera-lnch  wella 

When  the  hydraultc  method  l>  ueed  a  square  pyramidal  derrldi 
from  «Q  ft  to  70  ft  In  helgHt  le  erected.  Timber  is  used  for  these 
•tructures  by  well  drilling  contractors,  but  the  writer  sees  no 
reoaon  why  a  tower,  modeled  after  those  used  by  prospector*  In 
taking  ore  drillings,  and  made  o(  steel,  could  not  be  used  aod 
taken  down  after  each  Job  and  moved  to  a  new  slta  01  courses 
the  timber  can  be  used  more  than  once,  but  each  time  some  of  It 
In  used  up  and  all  of  It  baa  to  be  renewed  after  several  Job*.  The 
life  of  a  steel  derrick.  If  kept  painted,  would  be  many  yeare,  and 
only  the  bolts  would  have  to  be  renewed  from  time  to  tlma  The 
toola  dUtor  somewhat  from  those  prevlouilr  described.  The  bit 
la  boHow,  with  a  hole  Just  above  the  cutting  point  on  either  aide 
to  allow  the  Jet  ot  water  to  enter  the  well.  Instead  of  rods,  pipes 
are  need,  and  the  rope  socket  hae  an  attachment  to  which  Is 
fastened  the  hose,  nin  from  the  pump  to  the  drlUlng  column. 

The  well  In  this  case  was  >  Ina  in  diameter.  The  derrick  waa 
CO  ft.  high.  The  first  deck  was  20  ft.,  while  the  three  upper  decks 
were  each  10  ft  The  head  blocks  carried  a  sheava  On  one  side 
of  th*  derrick  waa  a  ladder.  On  the  other  aide  was  (astened  the 
windlass  and  gearing.  The  corner  posts  ot  the  derrick  were  *xt 
la.  timbers,  while  the  braces  were  2zS  In.  and  IzlZ  In.  planks: 
the  head  blocke  were  4x8.  Twenty-Ove  bimdred  feet  board  meas- 
ure of  timber  was  used  for  the  derrick  and  about  BOO  ft  for  a  tool 
house  and  other  needa  The  outfit  consisted  of  the  following:  An 
upright  boiler  and  engine  on  separate  base*,  n  steam  duplex  pump, 
two  hand  pump*,  windlaaa  and  getulng,  two  hammers  for  driving 
wall  casing,  ropes  and  blocks,  drill  points,  hard  rubber  boae^ 
wrenches  of  various  kinda  pipe  cutters  and  dies,  and  various  small 
toola  Several  tents  for  the  workmen  to  live  In  while  driving  the 
well,  and  bedding  and  cooking  utenells  were  also  Included  In  the 
outfit  The  v>prozlmate  value  of  this  outfit,  whan  new,  was  11,000. 
Allowing  tt  par  cent  per  year  for  Interest  and  dapreelatlon.  and 
considering  100  work  daye  as  covering  a  season's  work  for  an  out- 
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flt.  we  hftTe  ft  dslly  plast  charge  of  lE.OO.  This  la  nnall  conald- 
(riUK  tha  hard  usace  the  plant  undergoea  The  boiler  has  all  Undi 
of  water  uaed  Id  It,  Which  quickly  Injum  tha  tubea.  The  puinpi 
aln  (are  rousbly  from  the  pumplsx  ot  water  aaturated  with  the 
debris  from  the  well,  the  water  betnK  used  over  and  over  again. 
The  continual  handllni;  of  the  pipe  aoon  wears  out  the  threads. 
neceasltatlDs;  cutting  and  making  new  threads,  and  so  It  1«  with 
other  detallB  of  the  outflt.  all  of  which  QuIdOy  talfes  money  tor 
renewals  and  repalra  As  a  large  percentage  of  wells  are  driven 
In  Inacceeslble  parts  of  the  country,  a  well  driving  contractor  must 
■aury  with  him  every  tool  that  any  emergency  may  demand- 
In  the  work  which  the  writer  Is  describing  Ova  day*  were  con- 
sumed by  two  men  In  erecting  the  derrick  and  setting  up  the  plant. 
Then  a  length  of  IZ-ln.  pipe  was  sunk  to  protect  tha  mouth  of 
the  well,  after  which  the  well  driving  commenced.  As  stated  above, 
water  to  et'.rt  the  work  was  used  from  an  adjoining  swamp.  The 
first  day's  driving  resulted  In  a  depth  of  over  GO  ft.  and  gave 
enough  water  to  continue  the  work.  The  average  depth  Obtained 
each  day  of  actual  driving  was  20  ft,  but  the  average  for  the 
total  time  consomed  In  working  on  the  well  was  a  fraction  over 
II  tL  The  weD  was  sunk  to  a  depth  of  339^  ft.,  when  sufficient 
water  was  obtained  to  fulfil  the  terms  of  the  contract  At  2S0  ft. 
a  itratum  of  sand  was  struck  and  the  well  was  cased  up  and  tested, 
but  aa  the  vein  of  sand  was  not  orer  S  ft.,  It  did  not  give  suAclent 
water  and  the  driving  waa  continued.  At  a  depth  ot  SIS  ft.  sand 
was  again  encountered,  and  again  the  well  was  cased  up  and  the 
strainer  put  In  pla<»  and  the  well  tested,  the  atralner  being  lo- 
cated at  the  depth  given  above.  No  effort  was  made  to  obtain  the 
depth  of  this  stratum  of  water  bearing  sand. 

Seventeen  days  were  consumed  In  driving  the  well,  and  five  days 
In  caaing  up,  placing  the  strainer  and  testing.  One  day  sufficed  to 
dlsnantla  the  plant  and  haul  it  away.  As  the  outfit  waa  on  the 
road  two  daya  two  additional  days  are  Included  in  the  plant 
charge.  Three  and  one-half  ton*  of  coal  were  used,  there  being 
a  dally  consumption  of  SZD  Iba  The  cost  of  this.  Including  liaul- 
log^  was  tG.IS. 

The  crew  conslstad  of  one  experienced  drill  driver,  who  acted  as 
foreman  when  the  contractor  was  absent,  and  two  laborers,  both 
at  whom  had  had  some  experience  In  driving  artesian  wella  The 
derrick  was  built  and  the  machinery  placed  by  the  foremaji  and 
•me  laborer,  the  second  laborer  coming  on  the  work  only  after 
the  well  driving  began.  At  all  critical  etages  of  the  work  a  member 
of  the  contracting  Orm  took  charge  of  the  forces  and  worked  with 
the  rest  of  the  crew,  doing  whatever  came  to  band.  In  all  he 
worked  fn  this  manner  seven  daya  In  the  Record  of  cost  given 
an  allowance  of  tt.GO  Is  made  for  each  of  these  day^  work.  The 
rates  of  wage*  or  their  equivalent  for  the  other  men  were  as 
foUows: 

Well  driver   13-" 

LAborers   200 

Tha  wage*  were  paid  weekly  and  Included  board ;  but  the  llgures 
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Klven  show.the  dally  coit  for  ten  hours'  work  to  the  contractor, 
made  up  Irom  a  aeason'B  «mplornient.  AH  of  Che  men  were  paid 
full  time,  and  frequently  were  called  to  nuUie  over-time  without 
additional  pay.  Well  driving  can  be  dime  during  wet  weather 
without  serious  Inconvenience  to  the  men,  aa  they  eeldom  atop 
except  In  eteady  downpours  of  rain.  This  la  made  pooHlble  t>y  only 
a  few  men  being  employed ;  With  a  large  number,  a  few  beoome 
dlssatlBfled  and  the  whole  force  le  etopped. 

The  Itemlied  coat  of  the  well,  for  both  labor  and  materials;  except 
the  atralner,  was  as  follows  : 

ErecCins  derrick  and  machinery. ,' f  IS.TE 

Driving  well   and  casing ITO.TS 

Pumplnc  and  teatlag  well t3,t6 

Tearing  down  derrick,   etc g.TS 

Total  labor   1211.60 

Materials: 

s  of  coat  at  tG.2B.. 


•A' 


-.,-  casing.  S40  ft,  at  t0.8S 292.10 

Outer  casing   (second  hand) lO.OO 

Derrick  timber,  3.001)  ft   B.  kt,  at  t2S.OO TG.OO 

Total  materials t39E.T7 

Ubctllaneout : 

Tranaportatlon   ohargea    tlOO.OO 

Plant  rental,    30   days;  at  tG.OO 160.00 

a. '-■ 'andence    and   genr— '    


Total    mlBcellaneoua     1300.00 

Orand  total  ttOO.lT 

The  transportation  charge  Is  tor  both  freight  by  train  and  haul- 
ing by  wagons  to  and  from  the  Job,  and  Is  a  little  higher  than  uauoL 
The  figures  giving  a  cost  pec  lineal  foot  of  well  are  as  follows: 

Labor   iO.M 

Materials 


Total    |J.e7 

It  Is  of  Interest  to  note  that  the  cost  of  fuel,  which  Is  high  per 
ton,  amounts  to  a  fraction  over  5  cts.  per  foot  of  driven  well,  which 
Is  a  comparatively  small  cost  The  full  charge  Is  made  against 
this  job  for  the  derrick  timber,  allhough  some  of  It  had  been  used 
previously  and  all  of  It  was  hauled  away  to  be  used  on  another  Job. 
The  boiler  was  fired  by  the  man  attending  to  the  pumps  or  «!•• 
the  man  running  the  wlndlaaa  The  consumption  of  coal  might  hava 
been  reduced  somewhat  by  the  boiler  having  a  cheap  house  ov«r 
It  and  the  steam  pipes  being  covered.  On  a  sInlAe  Job  like  this 
but  Lttle  saving  would  bo  shown,  but  In  a  year  or  two  the  addi- 
tional oost  would  be  more  then  saved.  With  a  small  boiler  a  houa* 
eould  be  constructed  readily  In  sections  and  moved  from  Job  to  Job. 
The  steam  pipes  could  also  lie  lagged  and  handled  In  the  sam* 
manner.      The   writer   feels  confident   that   these  are  deUlla   w^ 
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worth  conildarliiK  Dot  onlr  In  well  drlvliiff,  but  also  on  much  other 
coutmctlon  work, 

Tbs  contractor  doing  thla  work  owna  thr««  such  outllU,  and  la 
Vlte  of  the  fact  that  three  or  four  men  can  oper&ta  each  plant. 
b«  Rate*  that  It  la  eiceedln^lr  dllBcult  to  obtain  man  to  put  In 
cliarts  of  a  plant ;  man  who  can  be  rellAd  upon  to  face  any  ciiala 
In  the  work  and  handle  It  without  a  maner  loat.  For  these  reaaona 
b*  Kldmi  runa  but  two  machines,  aa  ha  can  kIts  these  hi*  per- 
*n>l  attention  and  only  keepa  the  third  plant  for  an  omBi^Mocy. 
That  Is,  to  take  a  job  from  an  old  costomer,  that  may  bo  to  a  com- 
petitor, or  land  new  work  that  la  ezceedlnaly  deilrable.  Uarslna 
an  ag  doae  that  a  alntfe  mistake  of  Judgment  mar  use  up  the 
ntlra  proflt  of  a  Job. 

After  pumping  this  well,  the  sinking  of  which  haa  Just  t>een  de- 
vribed,  for  U  tionrs  the  flow  was  tsMed  and  found  to  be  tt  gallons 
per  DilDBte.  The  water  level  bad  only  been  reduced  10  ft.  by 
Uili  pomplilg.  The  strainer  was  placed  110  ft.  below  the  level  of 
Ibe  (round,  the  elevation  of  the  latter  being  B  ft.  above  mean  low 
Ude.  The  strslner  used  was  made  from  a  piece  of  pipe  plugged 
U  one  end  and  punched  with  holes,  the  dlmenalona  of  which  were 
HlILxK  In. 

The  placing  of  the  strainer  and  the  variety  of  strainer  used  Is 
a  Dutter  ta  vast  Importance  and  every  detail  regarding  It  should  be 
VedBcalty  stated  In  a  contract  for  a  driven  welL  All  too  tn- 
VKntly  this  is  not  doni^  and  the  entire  matter  Is  left  In  the  bands 
of  the  contractor,  who  only  sees  that  the  well  comes  up  to  the 
r«iuired  testa  and  that  a  strainer  is  properly  placed  In  the  well. 
Tba  kind  ha  will  use  wilt  be  ttae  style  be  Is  accustomed  to,  wtUeb 
■nar  not  be  suitable  for  the  welt  in  question. 

Btrainers,  of  which  there  are  a  nmnber  of  styles  patented  and 
ued,  may  be  classed  as  either  fine  or  coarse.  The  majority  of  the 
older  patents  are  for  Qne  strainers,  that  Is,  tha  opentnga  are  made 
■a  Knall  as  to  admit  of  water  entering  the  pipe  and  yet  atop  tha 
finest  land.  The  alots  are  cut  larger  on  the  Inside  than  on  the 
mtalde  of  the  pipe^  so  as  to  allow  any  grains  of  nnd  that  may 
•nter  the  opening  to  go  Into  the  strainer  and  not  clog  the  hole. 
Tb»  openings  In  fine  atralnera  are  less  than  1/GD  in.  In  else.  It  la 
nfdetit  that  with  little  corrosion  or  rust  these  holes  will  become 
doeed  and  the  entire  well  rendered  useleas.  In  the  coarse  strainers 
this  will  neither  happen  as  often  or  BM  soon,  hence  th«r  are  pret- 
tabla  The  main  objection  to  this  ctau  of  strainers  la  that  they 
Will  gradually  fill  with  sand  and  thua  stop  the  flow.  This  can  be 
obvtated.  If  the  grains  of  sand  were  of  equal  slie  In  water  beor- 
Isg  amd,  we  would  only  need  to  have  openings  o(  such  a  slse  aa 
to  not  admit  the  groins  and  the  dlfflculty  would  be  aolved.  but  aa 
•  nla  the  gralna  of  water  bearing  sand  not  only  t«t  greatly  In 
■te,  but  also  omtaln  some  graveL 

Vben  gravel  Is  not  carried  by  the  sand  some  should  be  placed 
found  the  strainer  by  artlOclal  meana  Then  the  well  should  be 
PBinpad  at  a  rapid  rate  for  such  a  length  of  time  as  may  be  usees- 
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■arr  to  draw  Id  all  the  (Ine  aand  that  may  ultimately  b«  dliturbed 
by  tli«  velocity  o(  the  water.  When  thia  la  dona  and  the  aaiid 
cleaned  out  of  the  well,  and  the  coarse  strainer  properly  placed,  na 
tmuble  ahould  occur  from  thla  aource.  At  tlmea  It  may  be  found 
neceaaary  to  uaa  air  preaoure  to  agitate  the  One  nnd,  aa  the  pump- 
InB  la  KoInK  on,  so  as  to  facilitate  the  drawing  In  of  the  One  per- 
tldea.  Trouble  will  only  occur  when  the  Inflow  of  water  la  of  auch 
Telocity  B>  to  carry  the  tine  fluid  with  It. 

Th««e  operatlona  are  rather  coatly  and  It  cannot  be  expected  that 
the  contractor  will  do  them,  unleaa  thay  have  been  previously  apecl' 
Bed.  80  that  hla  price  la  made  to  cover  them.  The  englDeer  abould 
aee  to  thla  Many  wella  (hat  have  to  be  reworked  only  needed  theae 
things  done  when  they  were  driven.  The  coata  that  have  been  given 
do  not  Include  any  work  of  thla  natura 

(For  further  data  on  well  driving,  see  the  Index  under  Wella) 
Refarencea  and  Cross- Refersn cm  on  Earthwork.— For  coat  ^ta 
OD  dredging,  hydrau licking  earth,  and  coats  by  many  other  methods 
of  excavation,  the  reader  la  referred  to  my  toalk  on  •earth worh. 
In  varloua  secttona  of  thla  book  will  be  found  other  data  on  earth- 
work coats,  for  wtiloh  consult  the  Index  under  "Kxcavatlon,  Earth." 


SECTION  in. 

ROCK  EXCAVATION,  QUARRYING  AND  CRUSHING. 

wcl^t  «nd  Void*.— Civil  enclneen  eommonly  roeaiure  rook  ex- 
c&ratloD  by  tiM  cubic  rord  In  daca  before  looieDlnK,  whereae  mlD- 
tng  cnKliieara  KOBerollr  ate  the  ton  of  1,0*0  pounds  aa  the  unit.  o( 
rock  and  ore  meamr«fiient.  In  view  of  tbta  fact  It  would  be  well 
were  tba  epeclflc  sraTlty  of  the  rock  given  by  every  enslDeer  wbo 
pubtlabea  data  on  anr  particular  kind  of  rock  excavation  or  ■"'"'"» 
Tbeo,  too.  It  often  happens  that  broken  rock  le  purchaaed  by  the 
ton  even  for  civil  enslneerlng  work,  or  by  the  cord  at  looeely  piled 
rabble  for  architectural  work,  thue  Gmphaslilng  the  Importanca 
et  Ktnling  not  only  the  apectflc  gravity  but  the  percentage  of  volde. 

The  apeclQc  gravity  of  any  matarlat  la  th«  quotient  found  by 
dividing  Ita  weight  by  the  weight  of  an  equal  bulk  of  water.  Water, 
therefore,  baa  a  qwclflc  gravity  of  1 1  a  cubic  foot  ol  any  eub- 
Mance  Ilk*  sranlte.  having  a  ipeclfic  gravity  of  Z.CB,  weigh*  S.SG 
time*  as  much  aa  a  cubic  toot  of  water.  A  cubic  foot  of  water 
wel^ia  SS.35G  Iba,  or  practically  62.4  lb*. ;  hence  a  cubic  foot  of 
Nlld  granite  welgha,   62. 4  X  2.6E  =  16E.3  Iba 

When  any  rock  la  cruehed  or  broken  Into  fragmenta  of  tolerably 
tmUorm  alze  It  Increasea  In  bulk,  and  la  found  to  have  ii%  to  S&% 
voids  or  Inter-epacea,  depending  upon  the  uniformity  of  the  frag- 
naata  and  thejr  aogutarttr.  Bounded  fragments,  like  pebbles,  pack 
more  doaely  together  tban  Sharp-edged  or  angular  fragments.  A 
tmnbler  full  of  bird  shot  has  about  38%  voids,  and  It  Is  possible 
to  band-nack  marbles  of  uniform  slae  so  that  the  volda  are  only 
11%.  Obviously,  1(  email  fragments  of  stone  are  mixed  with  large 
fragments  the  voids  ere  reduced.  Pit  Band  ordinarily  has  25%  to 
40%  volda  Hard  broken  stone  from  a  rock  crusher  has  about 
ti%  voids  U  all  Biies  are  mixed  and  slightly  shaken  down  In  a 
bos;  whereas;  if  It  la  screened  Into  severB.!  tlxee.  each  size  has  about 
4S%    to  48%    volda 

A  soft  and  friable  rock  like  shale  breaks  Into  fragments  having 
a  great  range  in  alie,  from  large  ohunka  down  to  dust ;  and.  as  a 
eonaeatMnee^  such  soft  broken  rocke  have  a  much  lower  percentage 
of  voids  than  the  tougher  rocka 

The  following  table  shows  the  swelling  of  rock  upon  breaking : 

Volda_^ „  . "^      '*'''      *'*^      ^^"^      ^'^      ^** 

I.4I        l.t4        l.<7        I.B2        Z.00       t.» 
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asTv"; 


Tasli  III. 

WalHtit  in   WelBht  In  Weight  In  Lbs 

!      LbB.  por       Lbs.  per         

r.       cii.  (t.         cu,  yo.  tQ%        J6% 

ti  IRK          1,694  1.1J8 

3.536 
S.T04 


per  cu.  yd.  wli«n 


3,06* 
3.1T4 

E,6&3        3,392 


4,007        3,121 
4,125        3,830 


2,»63        :,6»t 


3.241        I,94T 


4  IiOOSB  BBOKKN  BTONX. 


Sabin 

M.    Black 

J.   J. 

R.    CrOBB 

II 

NewberiT 

Boardman .'.'.'. 

Wm, 

H.    Hall 

Wm. 

**.    Hall 

Wm. 

B.     Fuller 

Oeo. 

A.    Kimball 

Mjrron 
W'.    H 

A.    W 

Henby..','." 

Henby 

Dow 

4.0      LImeBtane  < 


Ing    out     U-ln. 


47.0      Chiefly  about   ecs  ■!■»- 
9  to  4!   Chicago    limestone,     crusher    ru 
8  to  52  ChlcsKo     limestone,    screened 

48.0      Green  River  limestone,  i%   Ins. 

HmtLller.  duet  screened  out. 
50.0      Hudson    River    ttap,     2^     Ini. 

smaller,  dust  screened  out. 
4T.6      New  Jersey   crap,   crusher  run, 

it.S     Roxbury    cODKlomerate.    %    to 


Limestone,   lU-in.  slie. 
Stone,   l.<  to  ^.4  Ins. 


4E.S 


Bluestone,    50%    belnc    I/S    1 
H  ina 


Taylor    and    Thompson  64. B  Trap,  hard, 

TaSlor    and    Thomp»on  54. S  Trap,    hard,    „    ,_   

Taylor   and   Thompson  46.0  Trap,  hard,  0  lo  2^  Ins. 

Taylor   and   Thompson  51.2  Trap,  soft,   K   •-   "  '- 

G.    W.    Chandler 40.0  Canton,  III 

Bnille  Low    '" "  b.,»=i„       ii 


C.    M.    Savllla 

I.  O.   Baker 

A.     K.    Johnson 

W.    E.    HcClIntock. . 


lufTalo      limestone,  crusher     run. 
dust   In. 

8.0     Crushed    cobblestone,  screened    Into 

.0  4T   Crushed  limestone  In  sisea 

to  SI  Crushed  limestone  In  slies. 
T.O     Crashed  trap. 
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The  foIlowliiE  record*  of  actual  testa  will  Indicate  the  ranKe  of 
Told  perceotagea; 

Prof.  S.  B.  NewbertT  gives  the  voids  In  Sandusky  Bay  fp-Bvel, 
\  to  H-In-  siM.  aa  being  42.1%  voids;  >4  to  1/20-iii.  slKe.  3G.»% 
voids. 

Itr.  William  U.  Halt,  UL  Am.  Soc  C.  E..  gives  the  foUowlng  tMta 
m  mixtures  of  Green  River.  Ejr.,  blue  limestone  and  Ohio  River 

Stone.  anivel.  Voids  Id  Ulxture. 

100%  WlUi  0% 


44 
41 

38  K 


The  voids  In  mixtures  of  Hudson  River  trap  rock  and  clean 
ETBvel,  of  the  aiies  Juat  given  for  the  Kentucky  material^  were  as 
followa: 

Trap.  Qravel.  Voids  In  Ulxture. 


Mr.  H.  von  Schon  Klvea 


Retained  on  No.    40    sieve    

Passed  No.   4  0  aieve 

Paaaed  l^-In.    ring    

Feret  Klves  the  following  reaults  of  teats  o 
Mies  of  pebblea,  and  mixtures  of  different  ^ 
sad  pebblea  wer«  not  mixed  together)  : 
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^ParU  of  Broken  Blu 

BBtone— 

—Parts  0 

Granolithic         Coarae 

Average 

Average 

m%                 (89% 

(90% 

(90% 

,„M-,  hM- 

Hf."?, 

./.%- 

M  to  S") 


Taylor  and  Thompwm  give  tHe  (ollowlng: 


. . .  Hard  trap  I^to  W" 

...  Han)  trap  lU'toO 

. . .  Soft  trap  2''to  i- 

...  Soft  trap  It*  to*" 

. , .  Gravel  ili'  to  M- 


The  stone  was  thrown  Into  a  m«aauTlng  box  and  meaaured,  thm 
rammed  In  6-1n.  layers.  The  variation  In  the  last  column  lor  Noa 
4  and  G  vaa  due  to  the  breaking  of  tbe  trap  under  the  rammer. 
Ho.  S  was  "crusher  run"  containing  4t.4%  of  No.  1,  tS.I%  of  No.  t, 
and  22%  ot  screenings  from  U-ln.  downta  duiL  Mas.  l,  1  and  3 
were  crushed  In  a  gyratory  crusher ;  Noa.  i  and  E,  In  a  Jaw  crusher. 

Mr.  George  W.  Rafter  gives  the  voids  In  clean  Itmestont^  broken 
(by  hand?)  to  pass  a  2M-ln.  ring,  as  43%  after  being  "slightly 
shaken,"    and    lTrt%    after   being  rammed. 

Ur.  Desmond  FltiOerald  stales  that  broken  stone  dropped  IS  tL 
Into  a  car  measured   T%   less  In  volume  after  th«  fall. 

As  orlglnaJly  pointed  out  In  my  "Rock  Excavation,"  t  have  found 
that  a  wagon  load  of  broken  stone  measures  10%  leas  In  volume 
after  It  has  travelad  a  short  distance,  due  to  the  shaking  down.  In 
tniying  broken  stona  by  the  cubk  yard  It  la  well  to  bear  this  fact 
Id  tnlnd. 

Percentages  ot  voids  In  sand  are  given  In  the  section  on  Con- 
crete.    Consult  the  Index  under  "Sand,  Volda" 

SIi*a  and  Weight  of  Crushed  Trap — Ur.  William  E,  McCllntock 
gives  tbe  foIlowlnB  data  relative  to  Massachusetts  trap  rock:  The 
rock  weighs  ISO. 7  Iba  per  cu.  fL  solid,  or  4,879  lbs.  per  cu.  yd. 
solid,  being  very  heavy.  The  crushed  trap  of  the  Mass.  Broken 
Stone  Co.,   at  Snlem,  weighs  2,E8«  lbs.  per  cu.  yd.,  and  has  47% 
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volda.  A  rotary  screen  la  used  10  ft  Iodk.  *0  Int.  dbuneler,  with 
Uueo  aectiona  3'A  tt,  3  ft  ajid  3  ft.  long  reapectlvely,  having  cir- 
cular bales  U-ln.,  IH  ina  ami  I  Ina.  diameter.  A  bin  boldlns  IB 
CO.  yds.  WB«  used  ta  meamre  Che  U-ln-  BcreeDlnss  whlcti  were  after- 
ward welKhed  and  fpund  to  average  i,6l>l>  Iba.  per  cu.  yd.  A  box 
boldlDS  1  cu.  yd.  was  packed  full  with  wet  screenliiis  which 
wcdjdied  only  2.4K0  lbs.  The  Kme  box  wuJied  full  of  the  same 
kind  of  KraeDlnn  dry  was  found  to  hold  2.630  lbs.  A  bin  holdlnf 
90  cu.  yda.  Of  the  l^-ln.  stone  averaged  2,4£3  lbs.  per  cu.  yd.;  and 
a.  bin  of  the  sanie  aise  full  of  S-in.  stone,  averaged  Z.BZH  Iba  per 
CO.  yd-  This  S-ln.  etone  was  analn  measured  In  cars,  and  found 
to  average  S.5II  lbs.  per  ou.  yd. 

To  determine  the  i>ercentaKeH  of  the  different  sites,  19  cu.  yds. 
of  broken  atone  were  measured  and  found  to  run  as  follows: 

1.  trap     IZ.H 

tiap     ZJ.S9 

trap     62.87 

Total     100.00 

The  taltlaga  over  3  In*.  In  die  were  re-crushed. 

Weight  and  Void*  of  Cruahtd  LJmestons.*— In  I9DS  the  State 
Highway  Commission  of  Ulinola  had  a  aerlee  of  tests  made  at  the 
state  stone  crushing  plants  at  HetiB.rd  and  Jollet  to  determine  what 
should  be  called  a.  cubic  yard  of  crushed  stone.  The  reaulta  of 
these  teats  are  given  by  Ur.  A.  N.  Johnson,  State  Elnglneer.  In 
maJdng  the  teats  both  cars  and  wagons  were  loaded  In  different 
wnjra  and  hauled  different  distances.  The  contents  of  each  car  or 
wagon  were  carefully  measured  and  weighed,  and  on  arrival  at 
destlnSitlon  agnln  inCHBured,  ao  that  the  variation  In  the  density 
of  the  load  due  to  method  of  loading,  to  else  of  material  and  to 
settlement,  was  detcmilned.  From  the  results  of  theae  tests  It  will 
be  seen  that  the  average  weight  of  the  wagon  loads  of  limestone. 
Including  all  atces,  was,  at  the  start,  very  nearly  2,140  lbs.  per 
cubic  yard,  varying  somewhat  aocarding  to  the  method  of  loading. 
and  that  the  weight  of  a.  cubic  yard  In  a.  wagon  after  It  hod  been 
hauled  a  distance  of  oae-haJ(  mile  was  a.  Utile  over  2,600  Iba 
Also,  that  the  weight  of  a  cubic  yard  of  stone,  aa  loaded  In  the 
cant  la  but  a  few  pounds  over  2,100  ajid  after  aettlement  2,600  Iba. 
Aa  the  weight  of  a  cubic  yard  depends  very  considerably  on  the 
method  of  loading  the  car  or  wagon,  and  el*o  as  to  the  amount 
of  settlement  due  to  the  length  and  character  of  the  haul,  the  de- 
termination of  what  shall  ba  the  weight  of  a  cubic  yard  is  aome- 
what  arbitrary.  In  view  of  the  results  of  these  testa,  the  State 
Highway  Commission  has  adoDted  l,GOa  Iba.  as  the  weight  of  a 
cubic   yard   of  crushed   llmMtose  at  both  the  Menard  and  Jollet 
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In  the  tollowlns  tabulation  la  shown  the  weight  per  cubic  yard 
t  cruahed  limeBtone  In  carload  lots  and  per  cent  ol  settlemeni  In 
ranBporlBIIon,  the  haul  In  each  Instance  being  about  IGO  miles: 


8lu  Uethod 

In  Inches.  of  loading. 

Screenings,    15    ft.    drop 

I  Wheelbarrows'. , 


Weight  In 
pounds  per  cubic 
yard  when  shipped. 


2.Z6I> 


10.G 


To   determine    the   eltect    of   m, 
ments  were  made.    In  some  eiperti 
was  used.     No  difference  ii 
the  box  could  be  detected. 
termlned  by  weighing  the  amount 
The  tdbulatloo  Is  a«  follows: 

Method  of 
Sllft  Loading. 

1      In.  ZO-ft.    drop 

IE -ft.    drop 
ZO-ft.    drop 


of    loading,    other   experl- 

\  box  measuring  2,R  cu.  ft. 

isults,  however,  due  to  the  slie  of 

irr  Instance  the  voids  were  de- 

of  water  added  to  fill  the  box. 


20- ft.    drop 

IS -ft.    drop 
lE-fC    drofi 

■hovels    .... 
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•ctUanwnt  or  Cnnhed  Stent  In  Wagon*.*— The  testa,  tb«  resulta 
of  wUcb  ar«  Bbown  below,  were  nude  by  the  Illlnola  Highway  Com- 
adarion  to  determine  the  aettletnent  of  cruibed  atone  In  tntcon  loada 
tar  difterent  hauls.  The  road  over  which  the  teala  were  made 
li  a  macadam  road,  not  particularly  emooth,  but  inl^t  be  consid- 
ered aa  an  average  road  surface.  The  wacon  used  was  one  with 
a  dump  bottom  supported  by  chains,  which  were  drawn  as  tight  as 
poaaible.  so  aa  to  reduce  the  sag  to  a  minimum.  It  will  be  noticed 
Ibat  about  50  per  cent  of  the  settlement  occura  within  the  first  100 
n.,  and  7t  per  cent  of  the  aettlemeat  in  the  flrat  200  ft.  AMoSt  all 
of  the  settlement  occurs  during  the  flrat  half  mile,  as  the  testa 
abowed  practically  no  additional  settlement  for  distances  beyond. 

Some  of  the  wagons  were  loaded  from  the  ground  with  shovela, 
others  were  loaded  from  bins,  tbe  stone  having  a.  lE-ft.  drop,  which 
eompaeted  tbe  stone  a.  little  more  than  Where  loaded  with  shovels 
ao  that  there  waa  Bamewhat  less  settlement  But  at  the  end  of  a 
lialf  mile  the  denMty  was  practically  the  same,  whatever  tbe 
method  of  loading.  The  density  at  the  beginning  and  at  the  end 
pt  the  haul  can  be  compared  by  the  weight  of  a  given  volume  of 
cradled  stonoL  For  convenience,  the  weight  of  a  cubic  yard  o(  the 
material  at  the  beglnntng  of  tbe  haul  and  at  the  end  was  computed 
from  the  known  contents  of  a  wagon. 

Table  V  shows  the  per  cent  of  settlement  of  eruabed  Umevtone 
fa  wagoa  loads  at  the  end  of  different  lengths  of  hauls: 

Wel(^t  or  Crushed  Stone  in  Wagona  and  Cars.— In  Snfftitearinp- 
CoMraiMiig,  Aug.  E.  1908,  are  given  In  detail  the  results  of  some 
very  careful  tests  made  by  Prof,  tra  O,  Baker  on  the  voids  In 
broken  limeatone  of  various  slses  and  after  various  drops  and 
Ingtha  of  haul  In  wagons  and  cars.  The  following  Is  &  very  brief 
smnmary  of  the  results. 

Tbe  following  were  the  weights  of  broken  atone  per  cubic  yard 
In  wagons  and  in  carSh  both  at  the  crusher  and  after  ba.ulliiK  a  given 


Wagon  Loads.  Car  Loada 


mile  a.  ha.ul  of 

Location  of            SliO  Wt.  at        or        WL  at     75mllea 

quarry.          of  stone.  crusher,    more,     cruaher,  or  more. 

JidTet U  In.  Ser.  2303          2S33          2«E9          290S 

Jollet «  In  Scr.  2SE2          2883 

Jollet ZIn.-H'ln-  l^^E          2180          23SS          3592 

Mlet 2ln.-tfln.  229S          3516 

Jdlflt..  -■      -^  


..3ln.-iilo. 
..2ln.-«  In. 
..3ln.-3ln. 
. .  «  in.  Sor. 
,.aln.-%ln. 
..3  In. -3  In. 
.  ...%tn.Scr. 


Chester V  in.  8cr.  3443  3T9T  2G4S  2850 

Cheister 21n.-V  In.  3344  3681 

Cbener 3  In.-? In.  2367  2669  2348  2545 


Kankakee %  tn.  Scr.  34S0         2«9T 

Kankakee i\  in.-«  In.  2325  354S 

Kankakee l^ln.-%liL  3300  2890 

Tbe  limestone  came  from  Cheater,  Jollet  and  Kankakee,  nl..  the 
Weciflc  gravity  being  t.ST,  2.71  and   2. SI  respectively.     There  waa 


•Bwfftnearittp-CtmlTttotlng,  Avril  21,  190T. 


HANDBOOK  OF  COST  DATA. 

iJLf  iiii  mil  mil 

H       s   ....    .,-..    I 


aaaa     &&&--      &&&■'        S 


^||||"«!ljif3 


ROCK  EXCAVATION.  QUARRYING.  ETC.         181 

DO  verr  niacked  variation  in  ths  volda  far  dirterent  BiieS  ot  Mone. 
tHe  nose  being  trom  *S%  tor  the  1%  to  2h-ln.  slie  ot  Hone  to 
47%  for  acreenliiKa   %    In.  and  leaa 

When  broken  atone  «ra.B  ohovelad  or  dropped  into  a.  wason,  and 
huled.  It  aetUed  about  4%  durins  the  flr«t  100  Ct.  of  haul,  and 
tbout  4%  more  durtnc  tlie  next  half  mile,  a  total  of  «%.  berond 
which  tb«re  was  no  ■ettlement.  ScreanliiKB  settled  more,  about  B% 
ta  the  nm  lOO  ft.,  and  a  total  o(  1!%  at  the  end  of  a  half-ralle 
hauL  A  TE-mlle  baul  In  railway  cars  caused  no  more  BetUement 
than  a  half-mile  baul  In  waKona. 

Th«  Per  Cent  of  Voltla  In  Raliwey  Embankment.* — One  of  the 
cdlton  of  thiB  paper,  some  years  ago,  built  a,  section  of  a  railroad 
la  the  South  where  many  at  the  embankments  were  made  from 
Imttow  pita,  tha  material  belngr  soild  rock.  These  pits  were  not 
CT0SB4ecttoiied,  and  the  specUlcatlons  slated  that  when  ezcava- 
tkiD  was  measured  In  embankment,  that  It  should  be  conaiderad  that 
toe  jard  of  solid  rock  In  plaoe  would  make  1.T6  cu.  yds.  In  em- 
)>anhment  The  editor  protested  against  this,  believing  he  was 
Mag  deprived  o(  from  15  to  30%  of  his  yardage,  but  as  he  could 
A)ow  no  authentic  records  to  disprove  the  engineer's  claim,  he  was 
Md  on  the  basts  given  In  speclflcatlon. 

We  are  able  to  give  an  example  when  It  was  possible  to  obtain 
Uie  exact  yardage  taken  from  tha  cut,  and  tha  amount  It  made  In 
the  eiL  At  Boulder,  Colo.,  In  1882,  a  cut  of  3,800  cu.  yds.  made  an 
eml>anlunent  of  G.340  cu.  yda,  which  Is  a  ratio  of  1  to  1.61. 

In  blasting  rock  for  excavation  on  railroads,  the  mass  comes 
oat  in  pieces  of  all  sixes,  and  as  they  are  placed  In  the  embank' 
■Mot  voids  of  considerable  slse  are  made  between  the  pieces.  It  the 
excavated  rock  has  a  layer  of  overlying  earth  that  has  not  been 
Mrtpped  oD  before  the  rodi  Is  blasted,  much  of  this  earth,  and  the 
FDck  that  la  ground  up  fine,  go  to  All  up  these  voids,  making  the 
embankment  more  compact  than  where  there  Is  no  dirt  excavated 
In  ronnectlon  with  the  rock.  The  result  IH  that  rock  by  Itself 
"svells^'  more  than  It  does  when  excavated  In  connection  with 
earth  and   loose  rocli. 

The  writer's  experience  Is  that  with  solid  rock  first  stripped  and 
tlieii  excavated,  the  example  given  at  Boulder  Is  a  fair  average: 
but.  with  rock  excavated  where  the  solid  rock  Is  excavated  In  con- 
nection with  loose  rock  and  earth,  this  ratio  of  expansion  Is  too 
bitti.     For  the  last  named  excavation   1   to  1.4  Is  about  the  proper 

Veld*  In  Rock  Blasted  Undar  Water.t— Mr.  B.  C.  Bowen  Is  author 
of  the  following : 

In  Eiredge  Section  2  at  the  Ashtabula  Dock  Extension,  Lake 
Shore  A  Michigan  Southern  Ry..  which  has  just  been  llnlshed  by  tha 
Lake  Erie  Dredging  Co.  of  Buffalo,  the  rock  dredged  was  paid 
tot  by  place  measurement,   there  being  GZ,8S9   cu.   yds.  of  rock   so 
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d  In  thiB  Mctlon.  ThiB  woB  determined  br  careful  soandlnBB 
taken  6  (t.  apart  on  ransea  which  were  parallel  llnei  spaced  S  ft. 
apart,  both  before  and  after  dredKlnc.  The  matertal  dredged  waa 
•bale  rock  which  had  been  drilled  and  blaated.  and  which,  after 
belnK  dumped  Into  acows,  averssad  about  ZB  Iba.  per  piece,  In  Btie. 

Payments  were  made  monthly  and  It  Waa  found  impracticable  to 
make  place  meaaurements  each  month  on  account  of  the  large 
amount  of  noaling-  plant  engHged  on  the  dock  eitoiBlan,  which  waa 
In  the  way.  and  the  often  rough  condition  of  Lake  Ehia  It  waa, 
therefore,  decided  to  meaaure  the  material  In  acowa  and  take  a 
certain  per  cent  of  this  aa  place  meaaure  until  the  fhial  «*ttmate 
when  the  total  amount  of  matHrial  In  thla  aectlon  would  be  deter- 
mined by  BoundlngB  taken  before  and  after  dredging.  The  Bum  of 
all  partial  payment!  prevlouaty  made  would  then  be  Subtracted 
from  the  above  total,  giving  the  amount  of  the  final  eatimate. 

Tbe  total  amount  dredged  aa  meaBured  In  hcows  wai  ias,E3T 
cu.  ydB.  The  amount  of  voids  In  the  rock  waa,  therefore,  S9.S 
per  cenL  Bxcavatlon  waa  paid  for  6  Ina.  below  the  required  grade 
and  no  excavation  was  found  by  the  Boundlnga  to  have  been  car- 
ried below  this  level,  which  was  21. S  ft.  below  lake  leveL 

A  large  amount  of  thia  material  Waa  uaed  betow  water  for  fllUng 
the  crlba  forming  the  lubHtructure  of  the  docka  and  It  waa  found 
to  pack  down  very  aolldly.  When  exposed  to  air,  however.  It  dUln- 
tegratea  rapidly. 

Meaturement  of  Rock.— Rock  excavation  1b  commonly  measured 
In  place  before  looaenlng,  and  paid  for  by  the  cubic  yard  of  actual 
excavation ;  but.  In  sewer  work  and  In  tunnel  work.  If  the  con- 
tractor excavates  beyond  certain  "neat  llnea"  ahown  In  the  blue- 
prints, no  payment  la  made,  unleas  the  apeclflcallona  ei:pllcl(ly 
provide  for  payment  for  excavation  beyond  these  "neat  lines."  In 
trench  work,  for  example,  a  contractor  often  haa  to  excavate  from 
6  to  18  Ina.  below  the  grade  shown  In  the  blue-print,  twcause  It 
costs  leas  to  do  so  than  to  work  too  close  to  the  grade  and  after- 
ward break  oft  projecllng  knobs  with  a  bull-point  or  otherwise.  The 
same  Is  true  of  shallow  excavation,  or  aklmmlng  work,  in  rood 
conitructlon  and  the  like. 

The  amount  of  rock  taken  out  beyond  the  "neat  lines"  la  called 
the  "overbreah."  For  percentagee  of  "overbreak"  in  tunnel  work 
consult  the  Index  undei-  Tunnela 

In  examining  spccltlcutlons  care  should  also  be  taken  to  note 
whether  mention  la  made  of  rock  Blips  or  falls ;  for  It  often  hap- 
pens that  after  blasting  to  the  neat  lines  a  huge  slide  of  rock  occurs, 
possibly  flIIIng  the  entire  excavation.  Who  ia  to  aland  the  cost  of 
removing  Ihls  sUdeT  If  It  Is  prescribed  that  the  contractor  shall. 
■hen  he  should  study  the  dip  of  Ihe  rock  and  Its  clmracter  with  this 
question   of  sliding  In  mind. 

A  perch  of  masonry  Is  commonly  taken  aa  being  !S  cu.  ft.  (or 
nearly  1  cu.  yd.l.  but  the  original  perch  was  a.  wall  12  Ina.  high. 
18  Ina.  wide,  and  a  rod  (ISW  ft.)  lonK,  making  2f%  cu.  ft.  In 
Oertaln  localities  the  "perch"  la  taken  as  being  only  22  cu.  ft.,  but  In 
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nxiBt  places  in  this  country  a  perch  Ib  only  16  ^  cu.  ft.  Tlieae  facts 
the  coDtracIor  tbould  know,  for  he  must  often  deal  with  quarryuiea 
who  will  not  aell  rocH  by  the  cubic  yard. 

In  BiHne  localities  atone  for  building  1b  sold  by  the  cord.  Sedl- 
mmtary  rock  quarried  In  alabs  that  are  corded  up  carefully  by  hand 
may  have  30%  or  less  volde.  which  makes  U  evident  that  a.  con- 
tractor hi  buying  rock  by  the  cord  should  bo  careful  to  preacrlbe 
that  it  ba  packed  closely  and  not  dumped  In  piles  helCer  skelter 
before  measurement.  In  buying  rock  by  the  "cord"  there  Is  another 
precaution  to  be  taken,  snd  that  Is  to  specify  how  many  cubic  feet 
cODBtltute  a  cord.  A  cord  of  wood  Is  4  X  i  X  S  =  1Z8  cu.  ft,  but  a. 
■cord"  of  stone  Is  often  1  X  4  X  8  =  J2  cu.  ft.  Rock  Is  often  pur- 
chased by  the  ton  of  2,000  lbs. ;  but  to  avoid  lawsuits  It  Is  wlsa 
to  deQne  the  word  "ton"  In  any  written  or  verbal  contract,  for  a  ton 
means  2,240  lbs.  In  some  localities. 

If  crushed  stone  for  macadam  or  ballast  Is  purchased  by  tho 
cable  f%rd  measured  loose,  the  precaution  of  statlnK  where  th« 
Is  to  be  made  should  always  be  taken.  I  have  made 
a  of  wagon  loads  of  broken  stone  after  loading  from 
diutea  at  the  bins,  and  ag:aln  alter  IraTellng  for  half  a  mile  or 
more.  A  aurprlslnar  shaking  down,  or  settlement,  always  takes 
place,  ordinarily  making  a  reduction  In  volume  of  10%.  I  an- 
nounced these  results  In  1901,  and  recent  experimenters  have  con- 
finned  this  pet«entag«  very  closely. 

There  Is  another  caution  to  be  taken  In  examining  apeclflcatlons 
and  In  buying  atone  for  concrete.  Note  whether  or  not  the  spevlfl- 
catlcm  requires  that  the  largest  permissible  stone  shall  paan  in 
ecart)  Mraction  through  a  ring  of,  aay,  2  M  tna.  diameter,  t  have 
Itallclced  the  words  "In  every  direction"  because  tew  engineers 
reallia  and  few  contractors  atop  to  think  that  thle  virtually  means 
the  nae  of  a  much  smaller  opening  In  the  screen  than  the  one 
qwclfled.  In  this  case  smaller  than  2<i4  ina  In  screening  stone  In 
a  rolarr  screen,  long  narrow  fragments  will  drop  through  a  2  H-1n. 
hole,  yet  many  of  these  fragments  will  not  pass  'in  every  dlrec- 
tlaa"  through  a  Z^-ln.  hole.  On  Ibis  account,  small  though  the 
matter  seems,  I  once  had  more  than  1,000  cu.  yda  of  stone  re- 
jected by  an  Inspector  who  found  that  he  could  not  pass  through 
a.  ling  some  of  the  long  fragments  when  laid  crosswise. 

There  are  two  ways  of  designating  the  sizes  of  stone  after 
screening.  One  la  to  designate  the  stone  according  to  the  diameter 
of  the  screen  hole  through  which  It  has  passed  ;  In  this  case  stone 
that  has  passed  a  2i4-In,  hole  Is  called  "two  and  a  half  Inch  stone," 
Another,  and  very  common  way.  Is  to  take  the  diameter  of  the 
screen  hole  through  which  the  stone  did  not  pass,  add  It  to  the 
diameter  of  the  screen  hole  through  which  the  stone  did  pass,  divide 
this  sum  by  two,  and  call  this  average  diameter  the  size  of  Ihe 
Stona  Suppose,  for  erample.  that  a  stono  crusher  were  provided 
with  a,  rotary  screen  having  three  sections  of  perforated  metal. 
the  holes  In  the  first  section  being  "(J-ln.  diameter,  the  holes  In  the 
second    section    114-ln.    and   In  the  third   section    2i4-1n.      Then   the 
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avaraKe  siia  of  Che  atone  liiat  paBaes  the  K-ln.  holes  la  K^ln.  stone 
(aBSumlnK  It  to  run  tram  dust  to  ^-In.).  The  bverage  slis  of  the 
stone  that  pbskb  the  IM-in.  holes  but  doea  not  pass  tha  K-ln.  holes. 
Is  <m  +  %)-i-2,  or  l^-ln.,  and  It  may  be  called  l^-ln.  stone.  In 
like  nianner  the  stone  between  IM-ln.  and  2K-ln.  may  be  called 
2-ln.  stone.  This  rule  U  not  followed  strictly  by  the  manufac- 
turers of  crushed  stone^  so  It  la  always  necessary  to  Inquire  exacClr 
what  they  mean  when  they  speak  of  stone  of  a  certain  alie.  Thus 
Che  Rockland  Lake  Trap  Co.  have  the  following  ecfaedule  of  com- 
mercial sizes : 

Diameter  of  holes  In  screen,  inches.  .4<4  i\i  ZM  1 1/lt  « 
Commercial  sliea  of  stone,   Inches 3^        2tj        1%  %  it 

Therefore,  when  "2^-ln.  atone"  la  ordered  from  this  company, 
they  ship  a  product  that  ranges  fram  2!4  Ins.  to  }>4  Ins.  In  slxe — 
indeed,  some  ol  Che  stone  fragments  are  even  tarser  than  3U  ins. 
in  certain  directlana.  lor,  as  utrnve  stated,  a  long,  narrow  stone  may 
pass  through  a  screen. 

Kinds  Of  Hand  DrI  I  la,— Drilling  holes  In  rock  by  hand  may  be 
effected  In  three  ways:  (l)  By  a  rotary  drill  or  auger;  (£>  by  k 
chum-drlll ;  <3)  by  a  hammer-driii,  or  "Jumper"  drill,  struck  with 
a  hammer.  A  rock  auger  operated  by  hand  Is  used  only  In  very 
soft  rock  or  coaL 

A  chum-drlll.  as  Its  name  implies,  is  raised  and  allowed  to 
drop,  or  Is  hurled  against  the  rock.  For  shallow  holes  of  small 
diameter  It  Is  necessary  to  give  a.cfaum-drlll  additional  weight, 
which  ts  done  by  welding  a  ball  of  wrought  Iron  Co  the  center  of 
the  drill  shank,  making  a  ball-drill.  A  ball-drill  la  usually  pro- 
vided with  a  cutting  bit  at  each  end,  and  Is  operated  by  one  man. 
For  deep  drilling.  Chat  la.  for  holes  mure  than  about  Z^  or  3  ft 
deer,  an  ordinary  chum-drlll  Is  used,  operated  by  one  man  for 
ahallow  work,  two  men  for  deeper  work,  and  three  or  even  four 
men  for  very  deep  holes  where  the  weight  of  metal  becomes  eon- 
stderable. 

The  chum-drlll  In  Che  hands  of  a  skilled  driller  is  the  moat 
effective  lyiw  of  hand  drill  for  vertical  holeai  and  a,  little  theory 
Is  not  without  its  practical  value  In  seeking  Che  reason  for  the 
effectiveness  of  the  chum-drllL  Much  of  the  energy  of  the  blow 
of  a  hammer  la  lost  In  the  form  Of  heat  at  the  head  of  the  drill. 
This  losa  does  not  occur  with  the  chum-drill.  It  takes  some  skill  to 
start  a  hole  with  a  ball-drill  and  to  keep  it  plumb;  but  the  lime 
spent  in  acquiring  this  nklll  Is  repaid  many  times  over  if  (luarry 
operations  with  hand  drills  are  to   be  moderately  extensive. 

The  effect  of  the  stxe  of  the  hole  upon  the  speed  of  drilling  ap- 
pears never  to  have  been  carefully  determined.  One  authority 
says  that  to  double  the  diameter  of  the  hole  decreases  the  speed 
of  drilling  by  one-half.  Another  authority  thinks  that  doubting  the 
diameter  divides  the  speed  by  four.  AccordlnR  to  the  flrst  authority. 
If  a  man  could  drill  12  ft.  of  1-ln.  hole  In  a  slilft,  he  could  drill  onir 
<  ft.  of  S-ln.  hole  In  a  shift.  According  to  the  second  authority,  onl7 
3  ft  of  2-ln.  hole  could  b*  drilled  per  shift 
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coat  of  Hammar  Drilling. — The  diameter  of  the  hole,  tbe  angle  at 
which  the  hole  la  driven  and  the  preaence  or  aboence  of  water  in  tha 
bo1<^  all  aftact  the  coat  of  drilling  by  hand.  The  method  of  drtllinc 
with  banuner-drllla  or  with  chum-diilla  Is  alao  9n  important  factor 
In  the  coat  Obviously  tba  chaiscter  of  the  rock  Is  the  moat  Im- 
portant factor;  but  imfortuoately  very  few  reliable  recorda  of  coat 
of  driUnK  In  different  kinds  of  rode  are  to  be  found.  Prom  some 
abserratlona  on  hammer  drillloK  with  a  lU-ln.  startlnx  bit  I  have 
found  that  where  ons  man  la  holding  the  drill  vertically  and  two 
men  are  MrlklnE,  the  rate  of  drlllinK  a  t-ft.  hols  la  aa  follows: 

Ft.  In  Coat  per  ft.. 

Granite  7  IS 

Trap    (basalt) 11  48 

Limestone    14  33 

The  cost  Is  baaed  upon  a  wage  rate  of  fl.TG  per  9-hr.  day  per 
man ;  and  does  not  include  tbe  cost  of  sharpening  drlUa.  which  may 
b»  taken  at  6  to  8  eta  per  ft.  more. 

I  Ikave  found  that  a  man  drilling  plug  and  feather  holea  In  gran- 
ites each  bole  being  K'ln-  dlam.  by  2H  Ina.  deep,  will  average  one 
hole  Id  C  mlDL,  Including  tbe  time  of  cleaning  out  holes,  the  driller 
atrlklng  about  SOO  blows  In  diilllnK  the  hole.  No  water  Is  uMd 
In  diilllnE  these  shallow  holes,  for  the  dust  la  readily  sjid  quickly 
cleaned  out  with  el  little  wooden  spoon.  In  8  hrs.  of  steady  work 
about  100  holes  can  be  drilled,  which  Is  about  31  ft.  of  %-ln.  hole. 
But  In  plug  and  feather  work  part  of  the  time  Is  spent  In  select- 
ing rock,  driving  the  plugs,  etc.,  bo  that  50  or  flO  holes  drilled  and 
plusged  and  feathered  are  generally  counted  a  fair  day's  work. 

I  am  Indebted  to  Hr.  John  B.  Hobaon  for  the  following  data  of 
banuner  drilling  In  a  British  Columbia,  mine;  Rock  was  auglte 
diorlte  and  flrm  red  porphyry;  starting  bit,  IK  Ina ;  finishing  bit, 
1^  ina  ;  %-lti.  steel;  holes,  8  ft.  deep;  B-lb.  hammer.  Two  miners 
(one  holding  drill  and  one  striking)  averaged  14,8  ft.  per  lO-hr. 
lUft.  With  wag«B  at  fS  a  day  the  cost  was  nearly  28  eta  per  ft. 
of  hole. 

Mr.  Frank  Nicholson  statea  that  in  mining  chalcopyrlte  In  mag- 
neslan  limestone  at  SL  Qenevieve,  Uo.,  a  day's  work  for  a  striker 
■nd  a  bolder  was  12  IL  of  hole  drilled.  Tha  drills  had  lU-ln. 
starting  bits,   %-ln.  octegon  steel  being  used. 

In  e:(caTatlng  hard  porphyry  for  the  rock-llti  dam  at  Otar,  CaL, 
Ifr.  W.  S.  Russell  slates  that  a  good  day's  work  for  three  men 
drilling  (one  holding  and  two  striking)  was  S  to  S  ft.  of  hole,  coat- 
ing about  80  cts.  per  ft.  of  hole  drilled.  The  holes  were  drilled  30  ft. 
deep  vertically  and  sprung.  This  was  an  unusual  deplh  of  hate  for 
hammer  drilling,  and  accounts  for  the  high  cost  per  foot.  It  shows 
also  bow  uneconomic  Is  hammer  drilling  In  deep  verilcal  holes  com- 
pared with  chum  drilling. 

In  driving  a  small  (Sil^-ft.)  tunnel  through  tough  sandstone 
one  driller  averaged  4  to  B  holes,  each  1%  ft.  deep,  per  8-hr.  shift 
using  %-ln.  Wt  for  the  starter;   and,  upon  cleaning  up,  the  advance 
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wo*  1  ft  per  Btilft  for  one  man.  Bach  hole  was  charged  with  half 
a  Nick  of  TG%  dynamite. 

Cost  of  Hand  Drilling  In  Sranlte.*— Mr.  George  C.  UcFarlane  !■ 
authorltr  for  tha  following  data  on  work  done  by  him  for  Qrsnd 
Trunk  Paolfio  R.  il..  In  Canada: 

Steam  lirlUe  were  used  in  all  the  large  cuts,  while  In  the  smaller 
cuts  hand  drltla  were  used  With  hand  drills,  holee  as  deep  aa  SO  ft. 
were  put  down.  Steel  1  In.  In  diameter  was  used  to  moke  the  drills. 
which  were  gnged  to  1%  In-  This  size  drill  was  used  for  the 
entire  depth  of  the  hole.  The  hand  drillers  worked  S  men  In  a 
gang.  In  starting  tbe  hole,  and  until  It  reached  a  depth  of  about 
S  ft,  2  men  did  the  striking  and  one  man  held  the  drill.  In 
drlllltig  holes  to  a  greater  depth  all  three  men  used  striking  hammer, 
the  rebound  and  Jumping  of  the  drill  turning  It  enough  to  keep  the 
hole  (alrlr  round.  The  rocks  encountered  on  this  work  are  bard 
granite,  traps  and  diabase  of  the  Laurentian  and  Huronian  system. 
Hand  drillers,  when  working  by  the  day.  were  paid  ft.Zi  for 
10  hrs.,  but.  when  paid  per  toot  drilled,  received  4E  cts.  This  price 
per  fool  does  not  Include  sharpening  or  carrying  steel  to  the  shop. 
In  drllllnK  block  boles,  every  hole  less  than  1  ft.  In  depth  was 
counted  aa  t>elnc  a  foot 

The  following  are  some  records  of  hand  drilling: 
One  gang  of  three  men.  In  drilling  10  to  14-ft.  holes  In  dark  horn- 
blende, averaged  23  ft  per  day. 
In  drilling  red  granite,  SO  ft  Is  about  the  average  per  day. 
In  trap  and  diabase  rock.  IB  to  19  ft.  Is  an  average  day's  work. 
In  drilling  block  holes,  a  less  number  of  feet  Is  drilled  per  day. 
A  record  for  six  days  for  one  gang  on  block-hole  work  was:    Mon- 
day,  1  hole  3E  Ins.  deep:   1  hole  4G  Ins.  deep;    8  holes  from  6  to 
12    Ina    deep;    total   driven,   11    ft    T  In.      Tuesday,   1    hole   2i  Ina : 
1  hole  IS  Ins.;  4  holes  S  to  9  Ina ;  total,  E  ft  11  Ina     Wednesday, 
1  hole  as   Ins.:  1  hole  22  Ina  :  1  hole  IT  ina  ;  G  hales  S  to  IS  tna  i 
total.  9   ft-   9  Ins.     On  Thursday  the  drilling  done  Was  for  holes  to 
square  up  bottom  of  cut  there  being  G  In  all ;    1  hole  was  (8  Ina  ; 
1  hole  &0  Ina  ;  I  hole  24  Ina  ;  1  hole  40  Ina  ;  1  hole  2g  Ina  ;  total, 
IT  ft.    6   Ina     On   Friday   11   holes  from   6   to   IS   Ins.   were  driven. 
Saturday.  1  hole  44  Ina ;  1  hole  10  Ina  ;  and  T  holes  from  6  to  9 
Ina ;  total,  10  ft.   3  Ina     This  gives  a  total  of  82  ft  8  Ina  In  49 
holes,  or  an  average  depth  of  about  IS  Ina 

For  sharpening  the  steel  a  blacksmith  and  a  helper  were  em- 
ployed, and  a  "nipper"  to  carry  tha  steel  back  and  forth  from  the 
cut  and  shop.  For  sharpening  the  steel  for  E  gangs  of  drillers,  who 
put  down  2,142  ft  In  a  month,  we  have  the  following  cost : 

Blacksmith,   25   days  at   13.50 t  B7.E0 

Helper,   !4    days   at    12.00 48.00 

Nipper,    24    days   at    (2.00 48.00 

12  sacks  coal   12-00 

tl9G.50 
'SnglneerlnB-CoHtractino,  Nov.  27,  1907. 
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ThiB  means   an  averags  coK  of  abaTpenlns  per  lln.  (t.  at  bale 
drilled  of  about  9  cts. 

Tbls  Klvea  ua  a  total  cost  at  drIllInK  and  sharpening  drills  tor 
Ihe  examples  Blven  aa  follows ; 
Dark  hornblende  (deep  holes)  2»  ft.  drllle3  per  day — 

IMlllng,    per   fc     I0.2S 

Sharpening,    per    ft O.OS 

Total,    per    ft.    (0.31 

Red  granlle  (deep  holes),  SO  fL  drilled  per  day — 

DrtUInK,    per   ft.    fO.tl 

BharpenlnK,  per  ft.    0.09 

Total,    per    ft     10.4! 

...   ,.w_ii —  k„.„  w..„.     ,<,  ..    o  i„    drilled  per  day— 

I0.8B 


Total,   per   ft    10.74 

Trap  and  dlaabase  (deep  holes).   18  to  19  ft.  drilled  per  day 

DrlltlnE,    per  f L    (D.15 

Sharpening,  per  ft    O.Of 

Total,   per   ft    tO.11 

._ge  of  G    ganga.   IB   ft  drilled  each  day- 
Drilling,   per  ft 10.37 


SharpMUng,  per  tt    0.01 

Total     »0.4« 

ThTs  gives  an  average  of  19  ft  at  a  cost  of  47  eta  per  lln.  ft. 
for  drilling  and  sharpening  steel.  This  Includes  both  deep  and 
Bfaallow  holea 

Cost  of  Chum  Drilllni).— I  am  indebted  to  Mr.  W.  M.  Doufrlass,  of 
the  flnn  of  Douglass  Bros,  contractors,  for  the  following  data  on 
drilling  with  chum-drlllB.  for  railroad  work  in  western  Oblo.  Three 
drillers  were  used  for  putting  down  the  flrst  18  tt  of  hole  In  blue 
■uidstone  the  first  day  (10  hra),  and  four  men  were  used  for 
putting  down  the  last  IS  ft  of  hole,  so  that  It  required  70  hrs.  of 
labor  at  IS  eta  per  hr.,  or  tl0.60.  for  a  30-ft,  hole,  making  the 
coat  S&  eta.  per  tt  In  brown  sandstone  It  required  TO  to  BO  hra 
lalHir  to  put  down  SO  ft.  The  drill  holes  were  Z%  Ina  at  top  and 
\%  ina  at  bottoni.  Drilling  with  steam  drills  In  this  same  Stone, 
holes  20  ft  deep,  coat  12  eta  per  ft.  Including  everything  except 
iDteresl.  depreciation  and  drill  sharpening.  The  cost  of  hand  drilling 
agrees  very  closely  with  my  own  records  of  similar  work  In 
Pennsylvania. 

Trautwlne  gives  the  following  rates  of  drilling  S-ft.  vertical  holea 
starting  with  a  IK-lx.  bit.  one  noan  drilling  with  a  chum-drlll.  shift 
19  bra   long: 

Solid    qtiarti    , 

Tough    hornblende. . 


Limestone 
Sandatone 


It  should  be  observed  that   the  holes  In   this 
<1  ft),  and  the  diameter  (IK  Ina)  Is  large  lor  a 
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indlcatltiK  that  Trautwlne'a  dat&  applied  to  rock  excavation  vhere 
black  i>owder  woa  used. 

Slua  of  Air  DrFII*.— The  lizc  of  an  air  drill  Is  denoted  by  thci 
inner  diameter  of  Iti  air  or  Bteam  cylinder:  thue  a  J^i-In.  »lr  drill 
la  on*  having  a.  cylinder  3U  in"-  dlam. 

The  «inalleat  siies,  ZU-in.  drill,  la  called  a  'HMby  drill."  or  a 
one-man  drill—the  latter  name  being  given  to  the  drill  because  It 
can  readily  be  moved  about  and  set  up  by  one  man.  For  narrow 
work  In  mines  the  baby  drill  Is  adapted.  It  is  also  used  for  drlUlDK 
plug  and  leather  holes,  and  might  often  t>e  used  prolitably  (or  shaN 
low  cuts  and  trenches.  The  most  commonly  used  sliea  for  general 
contract  work,  tunneling  and  mining  are  the  lU-ln.  and  the  SU-l>i- 
drlUa  The  drill  Is  churned  back  and  fortti  In  the  bole  by  com- 
pressed air  or  steam  power,  and  after  each  stroke  it  is  mechanically 
turned  a,  fraction  of  a  circle.  The  drill  Is  fed  forward  by  hand.  m. 
crank  at  the  end  of  a  teed-acrew  being  used  for  thia  purpose.  A 
longer  drill  la  Inaerted  every  S  tL  In  depth  of  hole,  for  3  ft.  Is  the 
limit  of  teed  of  the  ordinary  feed-screw  uaed. 

Data  OS  to  Rock  Drilla.— Table  VI  gives  approximately  the  princi- 
pal data  regarding  air  drilla 

Test  of  Air  Conaumptlon  at  the  Roae  Deep  Mine — A  G-hour  run 
at  the  Rose  Deep  Mine,  South  Africa,  showed  the  following  reaulta 
for  31  drilla:  The  compreased  air  averaged  TO  lbs.  per  aq.  In.  and 
each  3K-ln.  drill  consumed  SI  cu.  ft  of  free  air  per  minute.  Includ- 
ing all  leakage  of  pipes  (there  was  less  leakage  than  la  common  In 
mines).  £iach  drill  required  it  Iba  of  coal  per  hour,  to  supply  thla 
compreased  air:  and  each  1.4  Iba  of  coal  developed  1  hp.  per  hr., 
by  the  indicator  on  the  steam  engine,  evaporating  6.T4  iba  of  water 
from  112°  F.  The  average  horaepower  of  the  compressor  engine 
woa  I3.T  I.  H.  P.  per  drill ;  but  all  the  drillers  were  trying  to  make 
a,  record,  and  accomplished  In  6  hrs.  an  amount  of  drilling  that  ordi- 
narily took  8  hrs.  The  power  plant  was  a  vertical  Klng-Reldler 
Compound  Steam  and  Double  Stage  Compressor,  with  two  boiler* 
of  the  horI«ontal  return  tubular  type. 

Tables  of  Air  Conaumptlon  In  Cataloaue*. — Table  vn  la  given  In 
the  catalogue  of  one  of  the  well-known  drill  manufacturers,  and  la 
said  to  be  based  upon  actual  teata  of  single  driila  running  continu- 
ously without  stops  tor  changing  bits,  etc. 
Tablb  VII. — CcBic  VWBT  OP  Fru  Aib  Per  MiNnra  RigtriK^  to  Ron 
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TiBi*  VIII. 

Number  of  drills 1      2         S         10         IS         SO         SO        40         TO 

Multiply    value      in 

Table   V)/by 1     1.8     1.1       T.l       O.G     ll.T     IG.B     21.1     SJ.I 

Tablea  Blmllar  to  these  are  given  by  other  manufacturera.  In 
an>irer  to  letters  of  Inqulir  I  have  been  tnfarmed  that  nich  table* 
are  "based  upon  experience  In  a  large  number  of  mlnea" 

The  actual  drilling  time,  that  1i^  the  time  when  the  drill  is  actu- 
ally Btriking  blowa.  is  seldom  over  16%,  and  often  not  more  then 
40%  of  the  length  of  the  shift.  Knowing  the  conditions  of  work, 
the  reader  will  be  able  (with  the  aid  of  data  given  subsequently) 
to  predict  approximately  the  per  cent,  of  actual  ilrllUnK  time.  Then, 
If  there  are  more  than,  toy,  10  drills,  he  can  multiply  the  air 
consumption  of  one  drill  (when  actually  drimng)  by  the  per- 
centage of  drllllnK  time  In  the  shift,  and  the  product  will  be  the 
average  air  consumption  of  each  drill.  If  there  are  less  than  atmut 
10  drills  It  will  not  be  safe  to  Hgure  so  closely,  because  the  fewer 
the  drills  oiwrated  from  one  compressor,  the  more  likely  Is  It  that 
all  or  nearly  all  of  them  will  be  using  air  at  the  same  time.  The 
larger  the  number  of  drills,  on  the  other  hand,  the  more  certain 
It  is  that  some  will  be  changing  bits  while  others  are  drilling,  and 
thus  draw  a  steady,  average  amount  of  atr  from  the  compressor. 

8t«an>  Consumption — When  steam  is  piped  directly  from  the 
boiler  Into  a  drill,  practically  the  same  nunit]er  of  cubic  feet  of 
■team  are  consumed  as  of  cubic  feet  of  compressed  air.  We  may 
assume  that  a  cubic  toot  ot  steam  will  do  practically  the  same 
work  In  a  drill  as  a  cubic  foot  o(  compressed  air  at  the  same 
pressure,  because  neither  the  steam  nor  the  air  acts  to  any  great 
extent  expansively  in  a  drill  cylinder,  due  to  the  lets  cut  oft.  This 
being  BO.  0.21  lb,  ot  steam  Is  equivalent  to  S  cu.  fL  of  free  air.  or 
1  lb.  of  steam  Is  equivalent  to  nearly  30  cu.  ft  ot  tree  air.  or 
1  cu.  (t.  of  tree  air  is  equivalent  to  0.035  lbs.  steam— ell  at  th« 
same  oreasure  of  T6  lbs.  per  sa.  In.  It  a  drill  consumes  at  the  rate 
ot  100  cu.  ft.  of  tree  air  per  mln.,  it  will  consume  8.000  cu.  ft. 
of  free  air  In  an  hour.  It  it  were  using  steam  In  Its 
cylinder  Initead  ot  air  (at  75  Iba  pressure].  It  would,  therefore, 
consume  G.DOO  X  0.03E  =  240  lbs.  ot  steam   (at  TG  lbs.  pressure)   in 

When  coal  is  burned  under  a  boiler  a  large  percentage  of  Its  heat 
passes  up  the  chimney  In  the  gases  and  Is  lost ;  and  In  addition  to 
this  loss  the  boiler  itseit  radiates  heat  constantly.  The  greater  part 
of  the  toss  occurs  In  the  heat  that  goes  up  the  chimney.  In  large, 
well-designed  bolters,  properly  protected  by  asbestos  or  similar 
covering,  the  coal  burned  will  develop  steam  to  about  80%  of  the 
full  heat  value  ot  the  fuel ;  the  efllclency  of  the  boiler  and  furnace 
Is  then  S0%.  In  locomotive  hollers,  where  forced  draft  is  used, 
flring  not  of  the  best  and  boiler  exposed  to  moving  air,  the  efflciency 
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Is  often  as  low  as  4E  %.  Th«  offlclency  of  a,  gooA  boiler  o(  moderata 
■lie  <1I)0  ba.},  well  boused.  Is  ordinarily  about  76%.  A  buoII 
(ZD  hp.)  boiler  exposed  to  the  wind  has  an  efDclencr  oC  about  60% 
vhen  not  forced.  If  a,  nnaJI  boiler  Is  usod  to  run  one  drill,  the 
bolier  must  always  have  up  enouBh  steam  to  keep  the  drill  ruuning 
at  nearly  full  capacity ;  but  when  the  drtti  Is  stopped,  during  th« 
ebanglnr  ot  bits.  movinK,  etc,  tbere  Is  a  waste  at  steam,  becausa 
tbe  period  ot  stappage  la  not  lone  enough  to  permit  the  flrenuui  to 
make  any  material  change  in  tbe  flrinK  and  in  the  drsCL 

When  ■.  K-ln.  drill  is  operated  by  steam  from  a  small  boiler, 
about  600  Iba  of  coal  are  ordinarily  required  per  lO-hr.  shiCL  But 
U  a  number  of  drills  are  supplied  from  a  large,  well  tagged  tioller, 
throusb  steam  pipes  that  are  also  lagged  with  aabeBtos  covering,  it 
Is  possible  to  cut  down  the  coal  consumption  to  300  Iba  or  less  per 
drill  per  10  bra 

Gaaollns  Air  Compresior*. — Where  not  more  than  three  or  tour 
drills  are  to  be  operated,  probably  no  power  can  equal  compressed 
air  generated  by  gasoline.  One  pint  of  gasoline  per  hour  per 
bnUte  horsepower  (B.  HP.)  of  gasoline  engine  may  be  counted  upon 
as  the  average  consumption.  It  will  require  about  13  hp.  to  com- 
press air  for  each  drill  (3>4-ln.  aite)  :  hence  12  pints,  or  tM  gala., 
of  gasoline  will  be  required  per  hour  per  drill  while  actually  drilling. 
Slooe  gasoline  air  compresaors  are  self- regulating,  when  the  drill  la 
Dot  u^Dg  air  very  little  gasoline  Is  burned  by  the  gasoline  engine 
driving  the  compressor.  If  the  drill  Is  actually  drilling  two-thlrdS 
of  Ihe  working  shift,  we  may  safely  count  upon  using  about  1  gal. 
of  gasoline  per  hour  of  ahlft  per  drill,  or  S  gals,  per  shift  of  S  hrs. 
long-  If  gasoline  la  worth  16  eta  per  gal.,  delivered  at  the  engine, 
one  drill  consumes  only  fl.ZO  worth  of  gasoline  per  shift  of  8  hrs. 
A  gasoline  compressor  poasessea  other  very  Important  economic  ad- 
vantagSB  over  a  small  steam-driven  plant.  First,  there  Is  the  saving 
in  wages  of  firemen  ;  for.  once  started,  a  gasoline  engine  runs  Itself. 
Second,  there  la  the  saving  In  tiauling  or  pumping  ot  water  and 
the  hauling  of  tu^  Third,  the  cost  of  gaaollne  Is  often  leas  than  the 
cost  of  coal  for  operating  a  small  planL 

Pcrcsntspe  Of  Lost  Time  In  Drilling.— In  operating  machines  of 
any  kind  the  percentage  of  lost  time  is  a  factor  that  should  receive 
the  most  careful  consideration.  The  raosC  serious  loss  of  time  In 
machine  drilling  Is  the  time  lost  in  changing  bits  and  pumping  out 
the  hole;  for,  with  a  Z-ft.  feed  screw  (which  is  the  ordinary 
length),  a  new  drill  must  be  inserted  for  every  2  It.  of  hole  drilled. 
It  takes  from  4  to  IS  mtnutes  to  drill  Z  ft-  of  hole,  counting  the 
actual  time  that  the  drill  is  striking,  and  It  ordinarily  takes  from 
2  to  5  minutes  to  change  bits  and  pump  out  the  hole.  I  have  often 
timed  the  work,  however,  where  B  minutes  were  spent  In  drilling, 
followed  by  B  minutes  lost  by  lazy  drillers  In  changing  bita  Count- 
ins  tu  other  time  losses,  then,  half  the  available  time  was  lost  in 
the  operation  of  changing  blta.  When  shallow  holes  (»  ft.  or  less), 
ATo  to  bo  drilled,  the  drill  steel  is  light,   and  there  Is  often  little 
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or  no  aludse  pumping  to  be  done.  In  aacb  c&ses  It  1b  poaalble  tor 
the  driller  and  his  helper  to  change  blta  In  1  minute.  Or  even  le*B 
When  they  are  rushlns  the  work.  So  far  as  the  changtag  Of  blta  Is 
ooncomed,  men  should  be  made  to  work  wltb  a  vim.  When  men 
have  M  exerclee  their  muscles  InceSBautly  Cor  8  or  10  hrs.  there  la 
reason  In  taking  a  slow,  steady  ga.1t.  but  In  machine  Work,  muscu- 
lar exercise  Is  Intermittent,  and  should  be  vigorous. 

Next  In  Importance  to  the  time  lost  In  changing  bits  Is  the  time 
lost  In  HblttlnB  the  machine  from  hole  to  hole.  To  move  a  tripod 
(rom  one  hole  to  the  next  and  set  up  again  ready  to  drill  seldom 
consumes  leu  than  T  minutes,  even  when  the  two  men  are  working 
rapidly,  when  the  distance  to  move  Is  short,  and  when  the  rock 
floor  Is  level  and  sofL  When,  however,  the  rock  floor  Is  Irregular 
and  hard,  requiring  the  vigorous  use  of  gad  and  pick,  not  only  In 
making  holes  for  the  tripod  leg  points'  to  rest  fn.  but  requiring,  also, 
some  little  time  In  squaring  up  a  face  for  the  bit  to  strike  upon,  the 
two  men  may  consume  from  30  to  t5  minutes,  shifting  the  machine 
and  setting  up,  if  they  work  deliberately.  In  such  cases  It  Is  ad- 
visable to  have  laborers  working  ahead  of  the  drillers  preparing  the 
face  of  the  rock,  leveling  the  site  of  the  hole,  removing  loose  rock, 
etc  One  can  see  clearly  what  a  meat  savlnje  in  ume  may  thereby 
be  effected :  yet,  this  simple  expedient  Is  seldom  adopted ;  but  the 
driller  and  his  helper  are  usually  left  to  themselves  In  preparing 
the  ground  for  each  new  set  up.  Excluding  the  time  required  to 
change  bits  tor  the  new  hole,  we  may  say  that  two  men  can  ordi- 
narily make  a  new  aet  up  with  a  tripod  Id  It  to  IG  minutes;  It  they 
work  rapidly. 

Rule  for  Estimating  Feet  Drilled  Per  Shift.— Wo  are  now  pos- 
sessed of  sufficient  data  to  enable  us  to  formulate  a  rule  whereby 
the.  number  of  feet  drilled  per  shift,  under  given  conditions,  may  be 
predicted.  I  will  not  go  Into  the  method  that  t  tised  In  deduelng 
the  following  rule,  which  is  strictly  correct,  tor  the  method  is  one 
of  simple  arithmetic    The  rule  ts: 

To  And  the  number  ot  feet  of  hole  drilled  per  shift  divide  the  total 
number  of  working  minutes  In  the  shift  by  the  sum  of  the  tollowlng 
quantities:  The  number  of  minutes  of  actual  drilling  required  to 
drill  one  foot  of  hole,  plus  the  average  number  of  minutes  required 
to  change  bits  divided  by  the  length  of  the  feed  screw  In  feet,  plus 
the  average  number  of  minutes  required  to  shift  the  machine  from 
bole  to  hole  divided  by  the  depth  of  the  hole  In  feet. 

Suppose,  tor  example,  the  shift  is  10  hra  long,  that  is,  SOO  mine. ; 
that  It  reauirea  S  mina  to  drill  1  ft.  of  the  rock;  that  It  requires 
4  mIna  to  change  bits  and  clean  hole;  that  the  feed  screw  is  I  ft. 
long;  that  the  machine  can  be  shifted  from  hole  to  hole  in  18  mins. ; 
•nd  that  each  bole  Is  8  ft  deep.     Then  according  to  the  rule  we 

4       1< 

have:     The  number  of  feet  of  bole  per  shift  Is  BOO  -i-  (S  -i 1 >. 

t        K 
whicb  Is  eaulvalent  to  B<HI-i-»,  or  tSft  ft  drilled  per  10-hr.  shift. 
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X  =  number  of  feet  drUled  per  tbitt. 

8  =  length  of  workins  time  of  ahtct  In  minutes  =  (00  for  a  ID-br. 
AUt  when  no  time  la  lost  br  bleets.  breakdowaa.  eLc 

r=  Dumber  of  minutes  of  actual  drllllnK  required  to  drill  1  ft. 
or  th«  rock. 

■I  =  number  of  minutes  reoulred  to  crank  up,  diange  drlllo.  pump 
out  hole  and  crank  down. 

m  =  3  to  4  mlna.  ordluirilr. 

f  =  length  of  feed  ecrew.  In  feet.  ranslDK  from  lU  ft.  In  *n>aby" 
diillB  to  2  M  ft.  In  larseet  drIllK;  but  ordinarily  S  ft. 

■  =  number  of  minutes  revulred  to  ihlft  machine  from  one  hole 
Ui  the  next.  Including  the  time  of  chipping  and  starting  the  new 
hole,  but  not  Including  the  time  of  cranking  up  and  cranking  down. 
■  ranges  from  S  mlna  for  very  rapid  BhlltlnK  on  level  rock,  to  10 
mlna.  for  very  slow  shifting  on  Irregular  rock. 

D  =  depth  of  bolo  tn  feet 

Even  a  casual  study  of  the  foregoing  formula,  or  rule,  must  Im- 
pres  tbe  practical  man  with  tbe  importance  of  the  lost  time  elements 
In  machine  drilling ;  consequently  of  the  value  of  timing  the  opera- 
tion of  changing  blta  and  moving  machines  When  the  men  do  not 
know  that  Ihey  are  Iwlng  timed.  Another  feature  that  stands  out 
Mrlktn^y  Is  tbe  reduced  output  of  a  drtU  working  In  a  shallow 
hole.  Let  the  raider  solve  a  few  problems,  assuming  first  an  aver- 
age depth  of  hole  of  16  ft  and  finally  an  average  depth  of  only  1  ft 
(such  as  occurs  often  In  the  dclmming  work  In  road  building), 
and  he  will  never  make  the  blunder  of  the  contractor  who  bid  the 
Mine  price  for  rock  excavation  on  the  l-fL  deepening  of  the  Erie 
Canal  as  had  been  bid  for  the  3S-ft.  excavation  on  the  Chicago 
CanaL 

If  we  assume  that  the  shift  Is  10  hra  long ;  that  the  rate  of  drill- 
ing Is  I  ft  In  5  mlns. ;  that  It  takes  4  mlna  to  change  blta  and 
pomp  out  tbe  bole  at  each  change  of  bits;  that  the  feed  screw  Is  Z 
ft  long;  and  that  It  takes  IE  mlna  to  shift  from  one  hole  to  the 
next;  by  atwlylng  the  rule  we  obtain  the  following  results: 

..1  -2  1  S  10         IE  20 

..27  41  GO  SO  TO  T6  SO 

When  drillers  are  laxy  they  may  readily  consume  8  mlns.  tn 
K  blta  and  pumping  out  the  bole  each  time.  With  all  condl- 
e  aame  as  before,  excepting  that  8  mlna  are  consumed  In 
g  blt^  we  have  the  following  results: 

IX«)th    of    hole,     ft.     1  2  3  E  10  IS  20 

Feat  drilled  In  10  hra 2E  38  43  BO  GT  SO  02 

It  wQI  be  seen  that  In  deep  hole  drilling  20%  decreased  efSclency 
lesolu  tnmi  just  a  little  lailness  In  changing  blta  under  the  condl- 
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tloDs  asoumed ;  and  In  sorter  rocks  tho  perceQtase  of  decreased 
efflclency  is  much  greater.  Wber*  the  holes  are  shallow  the  time 
involved  In  shlfUnK  from  one  hole  to  the  next  becomea  an  Important 
factor.  AsBuming  that  the  conditions  are  the  same  as  In  the  first 
instance,  except  that  30  mins.  are  consumed  In  shlftins  from  one 
hole  to  the  next,  then  we  have  the  followln(  results: 

Depth  of  hole.    It. 1  E  3  E  10  IG  20 

Feet  drilled  In  10  hra IS  27  3S  4fl  80  «7  TO 

Rates  of  Drllllns  In  DifTerant  Rocka — Unfortunately  no  published 
record  exists  showing  rates  of  drllllnB  In  different  kinds  of  rock 
with  given  air  or  steam  pressures  and  given  sizes  of  drill  bits.  Such 
scattering  records  as  are  to  be  found  merely  give  the  feet  of  hole 
drilled  per  shlfL  Prom  data  obtained  by  observation  I  have  com- 
piled tho  followItiB  table  for  drilling  with  3'ik-ln.  machines  using 
air  or  steam  at  70  Iba  pressure,  starting  bit  about  2%  Ins.  and  Rv- 
Ishlng  bit  about  1  yi  Ins. ; 

Time  to  drill  1ft. 

Soft  sandHtones,  limestones,  etc t  mlna 

Medium,  ditto   4  mlns. 

Hard  granites,  bard  sandHtones,   etc G  mlna 

Very   hard   traps,    granites,    etc I  to  8  mina 

Very  soft  shalea  and  other  rocks  that  make  sludge 

rapidly  and  when  a  water  Jet  is  not  used 8  to  10  mIna 

That  the  Inexperienced  reader  may  have  a  good  general  conception 
of  what  constitutes  a  day's  work  under  ordinary  conditions  the  fol- 
lowing summary  may  be  of  benefit :  In  drilling  vertical  holea  with 
the  drill  on  a  tripod,  the  holes  being  from  10  to  20  ft.  deep,  shift 
10  hra  long,  I  have  found  that  In  the  hard  "granite"  of  the  Adiron- 
dack Uountains,  New  York.  48  ft.  Is  a  fair  lO-hr.  day's  work.  Id 
the  graoltea  of  Maine  and  Maasachusetta  46  to  EO  fL  Is  a  day's 
work.  In  New  York  City,  where  the  rock  is  mica  schlat,  deep  holes 
are  drilled  at  the  rate  of  60  to  70  ft.  per  lO-hr.  shift  by  men  willing 
to  work,  but  40  to  BO  Is  nearer  the  average  of  union  drlllera  In  th« 
very  hard  trap  rock  of  the  Hudson  River  40  ft.  is  considered  a  (air 
day's  work.  In  the  soft  red  sandstone  of  northern  New  Jersey  80  ft. 
are  readily  drilled  per  day  wherever  the  rock  is  not  so  seamy  as  to 
cause  lost  time  by  the  sticking  of  the  bit;  In  fact.  I  have  records 
showing  110  fL  per  10-hr.  shift  in  this  rock.  In  the  hard  lime- 
atone  near  Rochester  roy  records  show  about  TO  ft  per  lO-hr.  shift 
In  the  limestone  on  the  Chicago  Drainage  Caiial  70  to  80  ft.  was  a 
10-hr.  day's  work.  In  the  hard  syenite  of  Douglass  Island,  In  open 
pit  work,  and  where  it  la  dllflctilt  to  make  Mt-upa,  36  ft.  was 
the  average  per  10-hr.  day.  In  the  granites  encountered  In  grading 
Cor  the  Orand  Trunk  Pacific  R.  R.  In  Canada,  only  30  fL  were 
averaged  per  drill  per  day.  In  the  limestone  near  Windmill  Feint, 
Ontario,  3%-ln.  drills  average  TS  fL  a  day  (holes  IS  fL  deep)  ; 
ZK-lD.  drills.  60  fL  a  day,  and  "baby"  drills,  37  ft.  a  day. 

The  foregoing  examples  all  apply  to  comparatively  deep  vertical 
hole^  In  open  excavation.  In  tunnel  work  there  is  do  reason  why  a 
drill  should  not  do  about  the  same  work  per  shift,  were  there  no 
delays  in  timbering,  mucking,  wailing  for  gases  to  clear,  etc.  Such 
d^aya  however,  often  reduce  the  drill  footage  very  much. 
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Coat  of  Sharpinlnfl  BIU. — One  UackBmlth  (with  a  help«rj  win 
iharpen  about  lit  blu  a  day.  and  uixtar  ordliDarT  condlUooa  will 
ke«V  5  to  T  drtlla  BuiiptWd  with  sharp  blt>.  On  aveniKO  rock  a  bit 
muat  I>e  sharpenad  for  svwy  2  It.  hole ;  !□  very  aott  rock  a  bit  (or 
every  4  fL.  and  In  very  bard  loclt  a  bit  for  every  \yt  tL  o(  hole. 
On  small  Jobs  It  la  often  neceuaiy  to  have  a  blaclumltb,  even 
IhouKh  there  le  only  one  drill  at  work.  In  auch  caau,  howsrer,  tb* 
blackviiltb  AolUd  be  kept  buay  wtth  other  work. 

Co«t  of  Drill  Rafialra. — Mr.  ThomaH  DenDla.  HKent  at  the  Adven- 
ture Conaolldated  Copper  Col,  Hancock.  Mich.,  haa  kindly  lumlabed 
ibe  (ollowlnx  data  of  the  avenuce  monthly  coat  of  keeping  a  drill 

Suppllea  for  repalra  (  1.31 

Ifaclilnlat    tabor    8.1S 

Blackamlth    labor    l.«0 

Total  repair  charge  per  month til, 36 

Tbe  nntnber  of  drllla  In  the  shop  at  any  one  time  la  about  1G%  of 
the  total  number.  This  low  cost  la  based  upon  work  where  a  large 
number  of  diilla  are  uaad  and  well  handled  by  the  uaeri. 

I  am  Indebted  to  lilr.  Joalah  Bond,  mining  engineer,  for  the  Blate- 
ment  that  the  coat  of  repairs  averages  60  eta  per  drill  per  shift 
In  minea  where  a  few  drllla  ore  operated  and  renewal  parts  pur- 
chased from  the  manufacturera  In  open  cut  work  my  experience  Is 
that  TE  eta  per  drill  per  shift  Is  a  fair  allowance  for  renewals  and 
repairs.  In  the  cold  mines  of  South  Africa,  where  each  drill  worka 
two  shifts  ner  day.  the  coat  of  drill  repairs  la  1300  ner  drill  per 
year;  while  the  first  cost  of  a  3Ui-ln.  drill  with  bar  Is  tlSG.  accord- 
ing to  a  recent  report  of  the  Qovernment  Mine  Inapector. 
'  Mr.  Joilah  Bond,  Oeneral  Manager  American  Copper  Mining  Co., 
Somervllle,  N.  J.,  wrote  mo  aa  follows: 

"As  to  the  [natter  of  drill  repairs,  I  can  Klve  you  only  a  few 
Qgurea  In  uaing  drills  for  years,  I  find  I  have  accurate  flgurea  for 
drill  repairs  for  only  three  yeara  These  place  the  repairs  per  drill 
.It  1102.00,  IIOO.GO  and  t93.T6  per  year.  Hy  opinion  Is  that  a  drill 
used  nlghc  and  day  (or  a  year  Is  sulQcIently  worn  to  make  It  good 
business  to  throw  it  away;  though  If  a  drill  Is  used  by  only  one 
man,  and  he  Is  made  reqionslble  for  Us  condition,  I  think  the  lite  of 
a  drill  is  at  least  three  years  (one  shift).  Of  course,  studs  and 
aide  rods  will  have  to  be  replaced  occasionally,  and  other  small  re- 
pairs muat  be  mad&  A  well-made  heavy  bar  or  column  should  out- 
last four  drllla,  and  arms  are  probably  strong  enough  to  kill  three 
drills.  And  the  drill  Itself  Is  the  weak  part;  aa  soon  as  the  cylinder 
and  piston  are  enough  worn  to  make  a  day's  work  only  80  ft. 
Instead  of  ItO,  or  even  100  ft.  It  la  clear  ihaC  you  are  losing  money 
by  keeping  It  at  work.  I  have  always  wanted  two  Idle  drills  and 
one  Idle  column  and  arm.  etc.,  for  five  working  drllla  FTom  my 
practice,  which  has  been  a  pretty  hard  one,  developing  with  low- 
priced  lahor,  I  should  estimate  a  stoplng  drill  to  cost.  Including  re- 
pairs and  Ita  own  life,  about  50  eta  per  shift. 

"Where  an  operation  la  large  enough  Co  warrant  the  erection  of  & 
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machine  Bhop,  suOlctenlly  equliipad  to  maJis  all  parts  of  drills,  thia 
coat  can  probablr  ba  cut  In  tno ;  and  In  old  mlDcs,  even  without 
this,  where  the  work  ia  mora  reKular.  ii  saving  can  be  made,  be* 
cause  breakasee  do  not  occur  ao  often.  Uy  practice  has  been 
without  the  luxury  of  a  Koi>d  abop,  and  all  repairs  are  purchaaed. 
with  the  exception  of  a,  few  of  the  simple  parts,  like  side  roda,  etc 

"Much  depends  on  the  care  given  a  drill,  and  the  rock  to  be  drilled 
makea  a  ffreat  difference  alao,  but  the  above  flgurea  am,  I  should 
hoi>S.  outalde  prices ;  but  In  my  work,  drills  have  always  been  a 
secondary  conalderatlon." 

The  followiuB  table  rives  the  coat  of  repairing  21!  drills  for  11 
monthe  In  130E,  at  the  Wat>ana  Iron  Mines.  Nova  Scotia:* 

Total  Amt.  per  arill 

Month  at  repalra  per  month. 

January    »      «8.3I  t2.8« 

February     86.51  S,678 

March     IflB.IO  «.00T 

April     S3.9!  1.21 


April 


July     llO.Sfl  4A» 

August   Slfl.81  li.eo 

>            September    140.82  S.IO 

October    26S.I0  lO.tl 

November    204. 7E  T.gO 

Total  and  av.   tl.lSlVI  fE.40 

In  addition  to  tbla  add  (l.TG  per  day  for  labor  or  7  eta  per  drill 
per  day,  or   (£  per  month,  making  a  total  of  (7.40  per  drill  per 

The  average  cost  of  repairs  was  IE. 40  per  month  per  drill  (drills 
worked  one  shift  only  each  day),  not  Including  the  cost  of  labor 
of  repairing.  It  takes  all  of  one  man's  time,  at  tl.7S  per  day,  keep- 
ing the  drIllH  In  reiwlr,  or  practically  12.00  per  month  per  drllL 
The  porta  used  In  making  retiaJra  are  all  bought  of  the  manufac- 
turers. We  see  that  the  total  cost  ot  drill  repairs  has  been  about 
17.40  per  drill  per  month,  or  tO  cts.  per  drill  per  10-hr.  day.  which 
la  a  very  moderate  cost  and  speaks  well  not  only  for  the  make  ef 
the  drllla.  but  for  the  care  given  to  them. 

Cost  of  Operating  Drills.— When  operating;  a  single  (S<4-[n.>  drill 
supplied  by  ateam  from  a  small  portable  belter,  I  And  the  cost  Is 
usually  as  follows  for  a  ID-hr.  shift; 

1  drill  runner '. •  J-OO 

1  drill   helper    l.'S 

1  flreman     2-00 

SSO  Iba  of  coal   (0.3  ton  at  t3> 90 

Water,    if    hauled,    say 7( 

Hauling  and  sharpening  30  bits    (Incl,   new  steel)    at  4  cts..      1.10 
Repairs  to  drill  and  hose  ranewals Tt 

Total  per  10  hrs.    HO. IS 

The  foregoing  is  merely  an  example,  bastd.  however,  upon  sev- 
eral different  Jobs;  but  In  each  case  the  aecesalbllltr  of  a  black- 
smith, the  n<am«M  to  water,   the   price  of  coal  delivered  at  the 

■See  XitplKterinff-Conlracti*e,  February  1.  ISOfl.  p.  42. 
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boDer,  etc-,  must  be  deUrmlned  before  an  accurate  eatlmate  can  b« 
DHule.  It  4  drillB,  for  example,  are  to  be  oimrated  from  the  aame 
boiler,  tbe  fuel  bill  will  be  Bometvliat  reduced  even  \t  the  plpea  are 
not  covered  wllh  aabeatos,  and  of  course  the  woke*  of  the  fireman 
will  be  distributed  over  i  drUlK.  It  will  then  pay  to  have  a  black- 
anith  at  haad.  if  10  or  more  drills  are  run  by  stetun  from  a  central 
boiler,  and  If  the  main  pipea  are  la^^ed,  the  fuel  should  not  much 
exceed  300  tba  per  drill  per  ID-tir.  shift.  By  tbe  rules  previously 
Siren  a  tairly  close  estimate  can  be  made  o(  the  number  of  feet  of 
bale  that  each  drill  Bbould  average.  If  SO  ft,  for  example^  are  to 
be  a  fair  day's  work  in  UmeetoDe  or  saadiitone,  we  have  tlO.36  -i- 
G0=17  cti  per  ft.  as  the  cost,  exclusive  of  superintendence,  plant 
Installation  and  plant  rental. 

If  a  central  compresaor  or  steam  plant  supplies  power  (or,  say,  1& 
drIllE,  we  may  estimate  ttie  cost  of  operating  each  drill  as  follows; 

I  drill   runner    f  S.OO 

1  drill  helper   1.76 

1-15   fireman  at  |:.2S    1G 

1-lB  compreasor  man  at  tS £0 

iOD  Iba   coal    (water  nominal)    at  (3  ton a 

Sharpeaing  bits,  30  at  3  rts. SO 

Bepairs   to   drill,   hose,   etc 76 

Total  for  SO  ft.  of  hole  at  IJ  cts J7.J0 

If  the  cost  of  each  drill  and  1/1E>  pari  of  the  compresMr  plant  Is 
I3S0.  and  30%  of  this  Is  assumed  as  a  fair  allawance  for  annual 
plant  rental,  we  have  tlOS  to  charge  up  against  each  drill  tor 
"rental,"  or  about  SO  eta  per  shift  If  ZOO  shifts  are  worked  «ach 
year,  or  about  1  cL  per  ft.  of  hole  drilled. 

In  my  book  "Hock  Excavation— Methods  and  Cost"  will  be  found 
detailed  data  on  the  cost  of  drilling  blast-holes  with  well-drillers  of 
tbe  "Cyclone"  type.  The  holes  were  3  Ina  diam.  X  U  (t  deep  In 
nndstone  and  cost  12^  eta  per  ft.  to  drill.  Other  data  on  drilUng 
with  well  driilare  will  be  found  in  this  handbook,  page  tlS. 

Piece  Rate  and  Bonus  Systsm  In  Drllllng.~-Tbe  oricinat  "hole 
eODtract  system"  was  a  piece  rate  system,  whereby  the  driller  was 
paid  (or  his  work  accordlni;  to  the  number  of  lineal  feet  of  hole 
drilled.  I  have  modified  tlie  original  system  liy  tnylng  the  drillers 
a  daily  wage  plus  a  bonus  for  each  lineal  foot  In  exceea  of  a  stipu- 
lated minimum.  See  Section  I  of  this  book- 
Coat  of  Loading  by  Hand.—Tniere  a  laborer  lias  merely  to  pick 
DV  and  cast  one-man  stone  into  a  jaw  crusher,  I  have  bad  men 
average  34  cu.  yde.  of  loose  stone  handled  per  man  per  lO-br.  shift, 
which  is  equivalent  to  about  20  cu.  yda  of  solid  rock.  This.  I  be- 
lleva,  marks  the  maximum  ttiat  may  be  done,  day  In  and  day  out.  by 
a  good  worker,  where  the  stone  has  scarcely  to  be  lifted  off  the  floor 
to  ton  it  into  the  Jawa  Every  atone,  however,  was  handled  and 
not  shoved  or  slid  into  the  crusher. 

On  the  Chicago  Canal  the  averase  output  per  man  per  10-br. 
shift  was  about  7  cu.  yda,  loaded  Intji  dump  cara,  and  this  included 
some  aledglng.  The  average  per  man  loading  into  the  low  skips 
used  on   the  cableways.   InvolvInK  very  little  sledging,  was  about 
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10  cu.  Tdi.  ol  Bolld  rock  per  man  per  lO-tir.  MtiilL  The  beet  day's 
record  naa  IS.S  cu.  yds.  per  man  loadlnc  Into  aldpa.  In  loadlnK 
cars  about  E  men  out  of  the  force  of  IS  loadan  were  kept  busy 
sledglnK  the  rock  ;  but  with  the  cableways  not  ooly  waa  It  easier 
to  roll  large  rocks  into  the  skips  <or  "scaie  pans"),  but  very  largo 
racks  were  lifted  with  gnUi  hooka  and  chains  and  carried  to  th« 
diunp  without  Bledxlng. 

In  loading  wagons  wltb  stone  readily  lifted  by  one  man,  Uis 
WHgon  having  high  sldeii,  I  have  found  that  a  man  will  readily 
average  10  cu.  yds.  solid,  which  Is  equivalent  to  II  cu.  yds.  looss 
measure  per  day  ot  10  bra  The  same  man  will  throw  the  stone  out 
of  the  wagon  twice  as  fast  as  he  will  load  it,  and  this  does  not 
mean  dumping  the  wagon,  but  handling  each  stone  separately.  In 
loading  a  wagon  having  a  stone-rack,  and  no  sides,  two  m«i.  pass- 
ing stone  up  to  the  driver,  who  cords  the  stone  on  the  rack,  will 
load  1  cu.  yd.  solid  stone  In  13  mlna  when  working  rapidly,  but 
this  is  too  high  an  average  to  bo  nulntalnod  steadily  for  a 
full  day.  A  driver  will  unload  1  cu.  yd.  solid  (or  l.T  cu.  yd.  loose) 
from  such  a  stone-rack,  by  rolling  the  stone  oS.  In  T  mins.  If  he 
hurries,  but  he  may  take  20  mlns.  If  he  loafa  A  man  will  readily 
load  a,  wheelbarrow  with  stone  already  sledged  and  ready  for  the 
crusher  at  the  rate  of  IS  cu.  yds  solid   (or  SI  cu.   yds.  loose)   In 

>De  after  It  has 
B  used,  and  the 

output  of  a.  man  depends  very  largely  upon  whether  he  Is  shoveling 
■tone  that  lies  upon  smooth  boards  or  upon  the  ground.  I  have 
often  hod  6  good  shovelers  unload  a,  canal  boat  holding  120  cu.  yda. 
loose  measure  of  cruslied  trap  rock  (Z-ln.  size)  In  9  hrs..  but  After 
breaking  through  to  (lie  floor  Ihe  shoveling  was  comparallvoly  easy ; 
this  Is  20  cu.  yds.  loose  (or  12  cu.  yds  solid)  per  man  per  day 
shoveled  into  skips.  In  shoveling  from  flat  cars  Into  wagons  the 
same  rate  can  tie  attained,  but  In  shoveling  from  a  bopper-boltom 
car,  where  there  Is  at  no  time  a  smooth  iloor  along  which  to  force 
the  shovel,  an  output  of  14  cu,  yds,  loose  measure  (or  S  cu.  yda 
■olid)  Is  a  (air  10-hr.  day's  work.  In  shoveling  broken  stone  oCF  the 
ground  Into  wagon*  It  Is  not  safe  to  count  upon  much  more  than 
12  cu.  yda  loose  measure  (or  T  cu.  yda  solid)  tmr  man 
per  10  hrK  A  careful  manager  will.  If  possible,  pro- 
vide  a  smooth  platform,  preferably  faced  with  sheet  Iron,  upon 
which  lo  dump  soy  stone  that  Is  to  be  re-handled  by  shovelars. 
Small  stone,  %  tn.  or  less  In  diameter.  Is  easily  penetrated  by  a 
shovel  and  need  not  be  dumped  upon  a  platform.  A  clamshell 
bucket  operated  by  a  locomotive  crones  or  derrick.  Is  doubtless 
the  most  economic  method  of  loading  broken  stone  from  cars  or 
■tork   piles,   where   the  quantity   to   be   handled   warrants   the   In- 
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noral  expedient  for  Inoreaafng  th«  power  of  a  derrick  was  prac- 
ticed Tecently  in  an  extensive  piece  of  coacrete  work  Involvlnx  the 
ualoadins  of  broken  atone  from  veaiela  Into  wacona  Tbe  work  In 
question  was  retaining  wall  work  on  track  Improvementa  on  the 
Now  York  Central  «  Hudson  River  R.  R.,  at  Oulnlng,  N.  T. 
ScowB  brougtit  broken  stone  to  an  adjacent  wharf  and  the  plan  was 
to  unload  the  atone  Into  wasont^  uslnK  a  stiff  leg  derrick  equipped 
with  a  clamshell  bucket  The  derrick  at  hand  was  an  ordinary 
affair,  with  ID  x  lO-ln.  mast,  8  x  8-ln.  stiff  legB,  and  a  40-fL  boom. 
OpertUMl  by  a  ExlD-ln.  National  double  drum  hoisting  engine, 
rapanle  of  handling  a  S.OOO-lb.  load  with  the  ordinary  single  line 
rigging.  As  the  clamshell  weighed  2,E00  lbs.  empty  and  fully  4.700 
lbs.  when  loaded  with  broken  stone,  soma  expedient  was  necessary 
to  carry  out  the  plan.  The  problem  was  flnally  worked  out  as 
follows : 

The  budcet  was  suspended  from  the  boom  by  a  chain  of  JUBt  Buffl- 
dent  length  to  allow  It  to  open  and  close.  The  end  of  the  hoisting 
line  was  also  fastened  to  the  end  of  the  boom  and  run  over  a  single 
block  attached  to  the  clo«lng  wheel  on  the  bucket,  then  through 
Ihe  sheave  of  the  boom  and  thence  to  the  engine  drum,  making  a 
doable  line  which  gave  the  engine  sufficient  power.  The  loss  of 
^>eed  resulting  was  of  little  moment.  The  atone  was  unloaded 
directly  Into  wagons  so  that  the  hoisting  distance  was  very  small, 
and  Ihe  time  consumed  In  swinging  was  greater  than  the  time  nec- 
essary to  hoIsL  The  result  was  that  there  was  practically  no  re- 
'  ductlon  of  speed  of  operation.  The  hoisting  was  done,  of  course,  by 
raising   and   lowering   the   boom,    using   tne   second   drum   of   the 

The  derrick  was  (derated  by  an  englneman  and  a  helper  and 
handled  regularly  100  cu.  yds  par  day.  In  addition  to  the  derrick 
work  there  were  24  hra  labor  on  a  EOO  cu.  yd.  boat  load  cleaning 
cut  Ihe  stone  that  could  not  lie  reached  by  the  bucket.  The  labor 
cost  of  unloading  vessels  Into  wagons,  using  the  apparatus  de- 
scribed, can  then  be  Itemlied  aa  follows : 

One  englneman.  at   |2.60 2.E  eta  per  cu.  yd. 

One    helper,    at    fl.SO i.E  cts.  per  cu.  yd. 

Labor,  deaning O.T  cl.     per  cu.  yd. 

Total   labor  cost 4.7  eta  per  cu.  yd. 

Cost  of  fuel  would  not  add  more  than  1  !^  cL  per  cu.  yd.,  making  a 
total  of  about  6%  eta,  to  Which  should  be  added  cost  of  erecting 
and  removing  the  plant,  and  plant  maintenance. 

Tbe  total  cost  of  the  derrick  fitted  as  described  was  (l.eOO.  The 
work  Id  connection  with  which  the  derrick  was  used  Is  t>elng  done 
br  Pord  A  Waldo,  Snglnecrs  and  Contractora  Park  Row  Building, 
Mew  Yoil^  N.  T..  and  the  double  line  rigging  was  devised  by  them. 

Unk>Blllng    Scowa    With    a    Clamshell.— In   building    Iha  masonry 

anchorage  for  the  Hanhattan  Bridge,  Ur.  Oustav  Kaufman  used  a 

IK  CD.  yd.  Hayward  clamshell  budtet  operated  by  a  EO-hp.  electric 

I   motor,  and  unloaded  SOB  cu.  yds  of  broken  stone  per  day  from  scowa 

In  addition  to  the  operator  of  the  clamshell  bucket,  about  S  men 
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were  kept  buay  trlmmlnK  up  ths  stone  In  the  acow  Dot  handled  by 
the  bucket.  The  clsmBhett  bucket  dumoed  into  a  10  cu.  yd.  hopper 
provided  with  &  ahaklnx  chute  which  led  the  stone  onto  a  Robins 
belt  conveyor.  Careful  timInK  Bhawed  that  the  bucket  made  1  l/» 
scoopa  per  minute,  avera^nn  0.9  cu.  yd.  per  Bcoop.  Teata  showed 
that  It  required  20  hp.  while  loading,  42  hp.  while  llftlns,  42  hp. 
while  BwlnginK  loaded,  and  20  hp.  while  swlnslng  back  empty.  But 
If  we  asiume  a  constant  averaee  expenditure  of  SO  hp.,  we  have 
about  14  kw.,  or  240  kw.  bra.  per  day.  Based  upon  these  data  Wa 
would  have  the  following  approximate  cost: 

Per  cu.  yd. 
Per  day.         Cls 

1  operator t  3-00  tO.5 

240  K.   W.   hra.  electricity  at  4  laa 9,«0  l.( 

B  laborers  at  fl.TE H.DO  3.4 

Total     I2B,60  4.5 

Another   ^   cL   per  cu.  yd.   would  cover  the  plant   Interest  and 


cost  o(  Handtinfl  Broken  fttone  With  a  Derrick.— Where  crushed 
stone  must  be  handled  with  a  derrick,  as  In  unloading  boat^  I  bav« 
found  the  following  to  be  about  the  beat  that  can  b»  done  per  dar: 

S  ehovelera.   at    tl.EO t  9.00 

1  hooker  on    1.60 

2  taginen     (swlnslng   the   boom) t.OO 

1  dumpman     1-60 


120   cu.  yds    (looae)   at  IS  ctB.= f22.eO 

It  commonly  coats  about  Sfi  eta  per  cu.  yd.  (loose  meaaure)  ti> 
unlo&d  a  boat  of  broken  atone  using  skips  holding  IB  cu.  fL  each, 
and  a  team  on  the  derrick  tor  raising  them.  Where  any  great 
amount  ot  such  work  Is  to  be  done,  however,  a  hoisting  engine  and  a 
derrick  provided  with  a  bull-wheel  should  be  used.  The  follow- 
ing ahowB  the  cost  of  unloading  flat  cars  containing  broken  atone 
(2-ln.  slle),  uaing  a  derrick  with  a  bull-wheel  for  "slewing"   the 

5  ahovelers,    at    tl.EO     t  7. GO 

1  dumpman    1-50 

1  eoglneman     !-60 

%  ton  coal  at  t: l.GO 

100  cu.  yda    (loose)   at   13  eta.  = tlS.OO 

In  this  cas*  a  stift-leg  derrick,  4a-ft.  boom,  with  a  bull-wheel, 
operated  by  a  double  cylinder  (7x10)  engine,  handled  self-right- 
Ing  steel  buckets  holding  20  cu.  (t.  each.  Water  lor  the  angina 
was  delivered  In  a  pipe.    The  englneman  was  the  torenuin. 

In  neither  of  the  two  cases  Just  cited  Is  the  cost  of  Installing  the 
derrick  Included,  nor  la  the  interest  and  depreciation  of  plant  in- 
cluded. It  takea  0  men  and  a  foreman  one  day  to  dismantle  and 
move  a  stlfT-leg  derrick  a  Aort  disUnce  (100  or  100  ft-),  and  one 
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mere  dar  to  set  It  up  asaln.  or  tZE  for  the  two  doy^  work.  ThUl 
inUudBB  movliiK  the  anclne  and  the  Blonea  u»d  to  bold  the  itlS  legs 
Uorn;    and  It  applies  to  &  Blow  Cans  of  workmen. 

A  guy  derrick  with  a.  EO  or  GO-ft.  boom  nruns  by  a  bull-wheel 
and  a  hoiBtlnK  enslne  will  often  prove  the  cheapeat  device  tor  load- 
lac  cars  with  biarted  rock.  If  the  derrick  la  handllnK  akipi  loaded 
with  atona,  the  foiiowluK  la  &  fair  avaraxe  of  the  time  element*  lu 
h.if<ii-g  each  skip  toad: 

ChaoKlnc  from  empty  to  loaded  akJp  SG  aeca 

SwinKlnK   (half  circle)    20  sees. 

Dumplns  akip IS  aeca. 

Swing  back   10  aeca. 

Total   80  eeca. 

If  there  were  no  delaya,  tt  would  ha  poMtUe  to  handle  400  akIp 
kwda  In  10  hrK  Uaually,  however,  the  loaden  will  cause  more  or 
l«n  delay,  so  that  It  la  aafer  to  count  upon  what  they  will  average 
rather  than  upon  what  the  derrick  can  do.  One  derrick  cannot  serve 
a  very  king  face,  and  the  number  of  men  that  can  be  worked  to  ad- 
"ulBce  In  a  kIvod  ^lace  is  olwoya  limited;  hence  I  repeat  thai 
with  a  cood  derrick  provided  with  a  bull-wheel  the  derrick  can 
ordlaarily  handle  more  stone  than  can  be  delivered  to  it  by  the 
DUML  The  eooDOoiic  alae  of  the  skip  load  is  entirely  dependant  upon 
the  size  ot  the  bolstins  enclno,  but  a  common  sixe  skip  meaaurea 
t  K  t  ft.  z  14  luB.  deep.  Where  much  work  la  to  be  done  a  con- 
tractor tbaam  never  try  to  set  alone  with  a.  derrick  not  provided 
with  a  bull-wheel  for  "slewing"  the  boom,  for  the  wasea  of  two  tag- 
men  wonhl  HOOD  pay  tor  a  new  outfit 

Ceat  of  Loading  Blasted  Rock  With  Btoam  Shovels.— A  contractor 
wha  baa  never  had  experience  tn  handling  hard  rock  with  Meam 
dnvsla  la  olmoat  certain  to  overeetimaCe  the  probable  output  of  a 
riwvd  loodlnK  rock.  Thia  la  due  very  largely  to  the  common 
ICDdencj  to  think  of  all  rock  as  being  a  materUl  that  dUterS  only  to 
noderate  degree  In  hardneaa.  On  the  Chlcage  Drainage  Canal,  two 
SE-tou  shorel^  each  working  two  10-hr.  shifts  a.  day  for  four 
moDths,  averaged  206  en.  yda  per  shovel  per  shift  of  aolld  rock 
(limestone)  loaded  into  car^  although  it  ie  stated  that  one  day 
one  of  the  sbovsln  loaded  SOO  cu.  yds.  of  rock  In  10  hra  The  llme- 
Mooe  on  the  Chkago  Cftnol  did  not  break  up  Into  small  pieces  upon 
blasting  (a  condition  that  la  asseQUal  to  economic  steam  shovel 
*ork  In  rock),  tnit  It  came  out  In  large  chunka,  much  of  which  had 
to  be  lifted  with  chains,  Instead  of  being  acooped  up  by  the  dipper. 
Wbcn  eaizh  separate  rock  must  be  "chained  out"  In  this  way.  a 
•team   shovel   Is   really   no   better  than   a   derrick,   and   is.    In   fact. 

On  a  large  contract  near  New  York  City,  where  th«  rock  is  a 
tough  mica  schist  that  breaks  out  In  large  chunks  even  with  close 
ipadng  or  holes,  a  4G-toD  shovel  with  a  iU-cu.  yd.  dipper  averaged 
ta  several  weeks  about  tiO  cu.  yda  of  solid  rock  loaded  In  cars. 
Part  of  this  rock  was  loaded  with  the  dipper  and  part  was  chained. 

On  the  Jwome  Park  Reservoir  excavation  la  Naw  York  City  the 
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rock  iB  aim  a  touch  mica  acUM  that  blaata  out  In  alaba  eren  wLtb 
heafr  blaatlns.  I  am  IntorniMl  by  Ur.  R  C.  Hunt,  manacer  (or 
Ur.  John  B.'  UcDonald,  contractor,  that  their  TO-ton  ihovelB  loaded 
only  SOD  cu.  7da  of  lolld  rock  per  10-hr.  ihllt.     Hr.  Hunt  aaya; 

"This  waa  In  the  soelaa  rock  (mica  schist)  of  thU  vicinity.  The 
flbrous  nature  of  Manhattan  and  adjacent  rucks  causes  It  to  break 
In  such  targe  and  awkward  shapes  that  the  shovel  cannot  do  luelC 
Justice;  I  therefore  abandoned  the  use  of  shovels  In  the  rock  cul> 
and  And  that  I  can  handle  the  rock  with  derricks  more  eco- 
nomically." 

In  IhorouKh  cut  work  on  the  Wabash  Railroad,  one  4!-ton  shovel 
loaded  210  cu.  yda  of  sandstone  (solid  measure)  into  dump  cars 
In  10  hrs.,  as  an  average  of  a  year's  work;  but  about  10%  of  the 
working  time  was  lost  In  breakdowns,  etc 

In  shale,  or  any  friable  rock  that  breaks  up  Into  pieces  which 
readily  enter  the  dipper,  the  output  of  a  aleam  shovel  Is  far  greater 
than  In  hard  rock  such  as  we  have  been  citing.  Through  the  kind- 
ness of  Hr.  Oeorge  Nauman,  aaalitant  engineer,  Pennaylvanla  Rail- 
road, I  am  able  to  give  the  output  o(  several  shovels  working 
more  than  a  year,  in  shale  near  Enola,  Pa.  E^ch  shovel  worked 
two  10-hr.  shlfta  per  day,  six  daya  In  the  week.  In  cut  No.  1 
there  were  nearly  1,000,000  cu.  yda,  of  which  85-^  was  rock.  Of 
thia  rock  a  little  was  very  hard  limestone,  some  was  blue  shal« 
nearly  aa  hard,  and  moat  of  It  waa  red  shale,  ■omewhat  softer.  Bic- 
eluding  the  first  two  months,  the  average  output  of  each  shovel 
per  month  of  doubt-shift  work  was  nearly  31.000  cu.  yda,  equivalent 
to  16,800  cu.  yds.  alngle-ahlft  work.  There  were^  on  an  average, 
four  shovels  at  work,  averaging  SO  tons  weight  per  ahovol.  The 
best  month's  output  waa  47.300  cu.  yds:  per  shovel  In  Auguat,  IBOS, 
and  the  poorest  month  (after  work  was  well  started)  was  S0,SOO 
cu.  yds.  per  shovel  In  February.  1901.  work.ng  double  shifts. 

For  costs  of  operating  a,  steam  shovel  see  the  section  on  Sarth 
Excavation. 

Cost  at  Handling  In  Carts  and  Wagons. — Since  a  cubic  yard  of 
loose  broken  stone  weighs  about  as  much  as  a  cubic  yard  of  earth 
measured  In  place ;  and  since,  ordinarily,  1  cu.  yd.  of  solid  rock 
becomea  l.T  cu.  yda  when  broken,  we  may  say  that  a  team  will 
haul  about  B0%  as  many  cubic  yarda  of  solid  rock  per  day  as  of 
earth.  In  other  words.  If  the  roads  are  such  that  1  cu.  yd.  ol  packed 
(not  loose)  earth  would  make  a  fair  wagon  load  for  two  horses, 
then  0.<  cu.  yd.  of  solid  rock  would  be  a  fair  load.  On  page  IZl 
the  sixes  of  loads  of  earth  that  teams  can  haul  are  discussed,  and  It 
Is  only  necessary  fo  multiply  the  earth  load  as  given  there  by 
«/I0  (or  S0%)    to  find  the  equivalent  load  of  solid  rock. 

Open-Cut  ExcRvstlon.— This  Includes  all  rock  excavation  In  open 
cuts  (except  trenrhes),  where  no  special  care  Is  used  to  quarry  the 
stone  In  certain  sixes  for  masonry,  but  where  explosives  are  used 
freely  to  break  out  the  rock  In  sixes  that  can  be  handled  with  the 
appliances  available. 

Spacing   Holes  In   Open-Cut  Excavation, — A  common  rule  la  to 
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l>Iaf«  tbe  row  of  vertical  Orlll  boles  a,  distance  back  from  the  face 
equal  to  tha  d^th  of  ttie  drill  bole,  and  to  placo  tbe  drill  boles 
»  dlatanca  apart  In  tlie  row  etiual  to  their  depCb.  ADother  rule  Is  to 
plac«  tlie  row  of  hole*  back  from  the  face  a.  distance  equal  to  three- 
fourtlut  C2wlr  depth,  and  the  ^une  dlstajice  sitart  In  the  row^  In 
nrstlfled  rock  of  medium  hBrdness  these  rules  may  be  followed  In 
itiniring  tbe  flret  experiments,  but  they  wlU  lead  to  serious  error  If 
^H>U^  to  dense  Kranltic  rodcs.  la  tbe  limestone  on  the  Chicago 
f^nni,  not  much  of  wblch  was  loaded  with  steam  shovela.  the  holes 
were  umallir  12  ft.  deeii  and  olaced  In  rows  about  t  ft.  back  of  the 
Caca  and  S  ft.  amrt  These  holes  were  chanced  with  40%  dyna^ 
mita.  In  a.  railway  cut  tbnnuth  sandstone  the  holes  were  20  fL 
deep.  18  n>  back  from  the  face  and  14  ft.  apart  In  tbe  row.  Tbess 
boles  were  "sprang*  three  times,  and  each  bole  charKed  with  iOS 
lbs.  ot  t»lAck  powder.  In  granite  quarried  for'rubbla  for  dam  work, 
I  have  hod  to  place  the  holes  4  M  to  G  (L  tiack  of  the  fa.ce  luid  tha 
aame  dlSrtAlice  apart,  the  holes  bains  12  ft-  deep,  about  2  lbs.  of 
60%  dynamite  twins  cborsed  In  each  hole.  On  railway  work  In  the 
Kocky  Hountalns  about  the  same  Qwclng  was  found  necessary  In 
cranttlc  rock  that  was  to  be  brcrtien  up  Into  chunks  that  a  steam 
abavel  could  handle.  In  pit  mining  at  the  Treadwell  Mine. .  Alaska, 
the  boles  are  drilled  11  fL  deep.  In  rows  SU  ft.  apart  the  holes 
being  I  ft.  apart  in  each  row  and  staBsered.  This  requires  drilling 
1.7  ft.  of  bole  per  cu.  yd. 

It  1>  obviously  impossible  to  lay  down  any  bard  and  fast  rule  for 
the  qjacing  ot  drill  boles.  In  stratified  rock  that  Is  friable  ajid  In 
traiM  that  are  full  of  natural  Joints  and  seama  It  Is  often  possible 
to  apace  the  holes  a  distance  apart  somewhat  greater  than  their 
deptb,  and  still  break  the  rock  to  comparative]}'  small  sizes  upon 
blasttttg.  In  tongb  granite,  gneiss,  syenite  and  In  trap  where 
Joints  are  few  and  far  between,  tbe  holes  may  have  to  be  spaced  3 
to  8  It.  apart,  regardless  of  their  depth,  for  with  wider  spacing  tha 
blocks  of  stone  thrown  down  by  blasting  will  be  too  large  to 
handle  with  ordinary  appUancea  The  mica  scblst,  or  gneiss,  ot 
Hanhattao  island  is  a  good  example  ot  rock  that  requires  close 
SpsiHng  of  iKiles  r<«ardleas  at  deptb.  I  have  seen  holes  In  It  20  ft. 
deep  and  only  4  ft.  apart. 

The  eHect  of  spacing  of  holes  upon  the  cost  of  excavation  Is  best 
irtiDwn  by  tabulation  of  the  leet  ot  hole  drilled  per  cubic  yard  exca- 
vated, as  shown  below : 
DiotADce    apart 

ot  bcdea.  ft..    1  l.S       2  2,e       3  3.5        4  4.E        5 

Co.  yda-  per  fL 

of   bole 04        .08       .IS       .23       .33       .4E        .E9       .75        .33 

CO.    yd.°.f?fa7.0      12.0        (.8        4.3       S.O       2.2        1.7        1.33      1.08 

Distance    apart 

of  boles,   ft..    S  T  S  B         10         12         14         IE         IB 

dL   rda.  per  ft- 

of    hole    1.33      1.10      l.tT      3.00     3.70     G.32      7.2&      9,52  12.05 

Pt.  of  hole  per ,        „, 
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Since  in  Bhallow  excavBtloDi  the  holea  can  seldom  be  much 
further  apart  tluin  I  to  l^ii  Umea  their  depth,  we  eee  that  the 
cost  of  drilling  per  cubic  rHrd  Increaaea  very  rapidly  the  Btmllower 
the  eicavntlon.  Thua  an  azcavHtloa  2  fU  deep,  with  holes  t  ft. 
apart,  reQUlrea  i.S  ft.  of  drill  hale  per  cubic  yard,  as  agtUiut  0.4S 
ft.  of  bole  per  cu.  yd.  In  a  deeper  excavation  where  drill  bolea  are 
8  ft.  apart  Failure  to  consider  this  fact  ruined  one  contractor  on 
the  Brie  Canal  deeuenlnK  vttere  rock  ezcavation  was  only  2  tL 
deep.  Furtbarmore,  the  con  of  drtlUnE  »  foot  of  hole  Is  much 
Incrttued  where  frequent  Alftlnt  of  the  drill  tripod  Is  necessary. 

By  oboervinK  carefully  the  appearance  of  rodcs  In  different  locali- 
ties It  Is  possible  In  a  short  time  to  become  tolerably  proficient  In 
the  art  o(  estlmatlnc  the  protmble  distance  apart  that  holes  must 
be  drilled  for  the  best  effect  with  clven  charses  of  slvao  Und  of 
explosive;  and  with  this  end  In  view  a  young  man  should  avail 
himself  of  every  opportunity  at  studying  prevallinx  practice  In 
■pacing  drill  holes  In  different  looalltlea 

Cost  of  Excavating  Sandstons  and  Shale. — In  ezcavatlBg  shalea 
and  sandatones  of  the  coal  measures  of  Pennsylvania,  Ohio,  Vir- 
ginia, etc,  I  find  that  holes  are  usually  iO  to  14  ft.  deep,  and 
spaced  12  to  18  ft  apart  On  an  average  we  may  say  that  for 
every  cubic  yard  of  solid  rock  there  Is  0.1  Un.  ft  of  drlU  bole,  when 
cuts  are  very  wide,  covering  large  areas  of  ground;  but  In  thorough 
cuts  for  railroads  It  Is  not  safe  to  count  upon  much  lass  than  0.2 
ft.  Of  drill  hole  per  cu.  yd.  The  holes  are  almost  Invariably 
"sprung"  with  40%  dynamite  to  create  chambers  at  the  bottom  of 
the  holes,  and  then  charged  with  black  powder.  As  low  as  1/SO  lb. 
of  dynamite  per  cu.  yd.  may  be  used  tor  springing  holes  In  shale, 
and  as  high  as  U  lb.  per  cu.  yd.  In  sandstone  tliat  Is  to  be  very 
heavily  loaded.  X  should  put  the  average  at  1/20  lb.  of  dynamite 
per  cu.  yd.  of  shale,  and  l/lO  lb.  per  cu.  yd.  of  sandstone.  In  gran- 
ite K  lb.  per  cu.  yd.  Is  common.  A  very  common  charge  Is 
B  kegs  (100  Iba)  of  black  powder  per  hole,  or  about  1  lb.  per  cu. 
yd.  In  side  cuta  and  1%  to  2  Iba  per  cu.  yd.  In  thorough  cut^ 
although  as  high  as  I  lbs.  per  cu.  yd.  have  been  used  In  thorough 
cuts  In  sandstone  where  qraclal  effort  was  mads  to  break  up  the 
rock  to  small  sises  for  steam  shovel  work.  The  drilling  of  tbo 
deep  holes  costs  not  far  from  40  eta  per  Iln.  tt  where  drilling  Is 
dona  by  hand  with  Wages  at  IE  eta  an  hour,  and  It  may  be  as  low 
OS  12  cts.  a  Iln.  ft.  if  well  drillers  are  used.  Soda  powder  coats 
about  S  cts.  per  lb,,  and  40%  dynamite  12  eta  per  lb.  We  have, 
therefore,  the  following: 

Cts.  per  cu.  yd. 

Drilling  1/10  ft  to  t/IO  ft  at  40  eta 4.0  to     1.0 

Dynamite  l/IO  lb.  to  1/10  lb. O.fl  to     1.1 

Powder,  1  lb.  to  1  Iba 5.0  to  10.0 

Total   tor    loosening   the   rock «<  to  10.2 

The  rock  1>  commonly  loaded  with  steam  shovels,  and  It  Is  not 
Mfe  to  count  upon  mora  than  EOO  cu.  yda  Of  shale^  or  tG9  cu.  yda 
of  sandstone  per  shov«l  per  10-hr.  shift 
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Summary  of  Opan  Cut  Data. — The  two  cost  Items  that  the  Inei- 
paiCDcet]  man  Bhould  Seek  first  to  iatona  himself  upon,  are;  (l) 
The  Dunit>er  ot  (eot  o*  hole  drilled  per  cubic  yard  In  dlberenc  kinda 
of  rock;  and  (2>  tbe  number  of  pounds  of  explosive  required  per 
cu.  rd-  under  varying  conditions.  Below  I  have  (Iven  a  sum- 
nary  ot  these  Items  as  applying  to  open  cut  work  discussed  In 
tbix  book  :  the  table  does  not  apply  to  trenching,  tunneling  or  other 
narrow  work.  Two  examples  are  given  (or  sandBtones  and  two  for 
AiBlei^  ratdi  a«  occur  la  tbe  coal  meaaurea  of  Pennaylvanla.  In  & 
thorou^  cut  on  railroad  work,  we  have  conditions  that  approacb 
trench  work,  requiring  more  feet  of  bole  and  more  powder  than  In 
ogea  aide  cutB :  beace  the  difference  between  Sxamplea  G  and 
C  T  and  8.  It  will  be  observed  that  the  large  amount  of  drilling 
In  Bxample  3  ie  due  to  the  Hhallowncss  of  the  face  or  lift,  and  In 
Bxamples  9   to   12   it  ts  due  to  the  toughness  of  the  rock. 

I  shall  greatly  appreciate  further  contributions  of  similar  data 
txoax  my  reader*,  for  use  in  future  editions.  The  icreater  the 
stanber  of  records  snich  ai  those  In  this  table,  the  better  will  read- 
ers be  able  to  toOKO  the  range  and  the  average  for  each  class  of 
rO(^ 
Per      Cubic     Yard. . 

5        I         I        -^ 


S 


10%  IJmestone,  Chicago   CanaJ. 

iO%  Umestone,  for  crushimc 

iO%  Umealone.  for    cemenL 

•0%  Limestone  (holes    sprung), 

10%  Sandstone,  side  cut 

10%  Sandstone,  thorougli    cut. 


%,  Shall 


Bo/t.    Bide   c 


tf%     Granite,   for   rubble. 
0%    OnelBB,   New  York  City 
0%    QneiSB,  New  York  City. 
10%    Syenite,    Treadwell    raKe. 
:%     Magnetic    iron    ore. 
B%    Trap,   seamy. 
Jl)%    Trap,  massive. 
B0%     Oranlte,    Grand   Trunk    Pa- 
cific   (holes    sprung,    half 
the   dynamite   being  used 
In   springing). 

By  mvlying  Oim  precedhig  data  as  to  unit  costs  of  drilling, 
blaatfaiA  loAdlngC  -and  hauling.  It  will  be  seen  that  rock  eicavatloa 
Id  opea  citta  ran«eB  from  obmt  fe.eo  to  fl.BO  per  cu.  yd.,  the  lower 
price  bebix  for  atialeB  and  mndstones  and  the  higher  price  for  cer- 
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tain  cranltBi  and  tnjm  wli*r«  holaa  are  close  spaced.  It  l»  a  veir 
common  aBBumptlon  that  rocK  can  be  proOtably  excavated  In  opan 
cuts  at  a  contract  price  of  tl  per  cil  yd.,  but  It  will  be  Been  that 
each  case  requires  special  study. 

Cost  o(  Excavating  QnalM,  New  York  City. — I  am  Indebted  to 
Ur.  John  J.  Hopper,  civil  ensineer  and  contractor,  lor  the  foUow- 
Ing  data.  The  work  Involved  the  excavatlou  of  Z9,):86  du.  yds.  of 
KnelsH  (or  mica  echlat)  at  One  Hundred  and  Twenty-seventh  Mreet. 
New  Yoia.  City.  The  drllUnK  of  the  main  holes  was  done  with 
lour  3H-ln.  Inger.oH  steam  drills,  and  two  "baby  drills"  were  useJ 
[or  drllHns  block  holes.  The  average  height  of  the  lifts  was  12  to 
16  ft.,  and  the  cut  ranged  from  2  to  S3  ft.  deep.  Hand  drillers  and 
sledgera  received  (2  per  10-hr.  day;  laborers  handling  Blone  and 
loading  wagons  received  tl.&O  ;  one  of  the  machine  drillers  re- 
ceived (3.  and  the  rest  of  the  drillers  received  12, 7E  a  day.  The 
baby  drlllo  were  used  only  on  the  largest  pieces  thrown  down  by 
the  blast :  the  ordinary  sized  atone  from  the  blast  was  broken 
up  by  hand-drilled  holes  and  by  sledges  to  slies  Suitable  for  build- 
ing rubble  foundation  walla  A  good  deal  of  the  atone  was  piled 
up  during  the  winter  until  it  could  be  sold.  The  drilling  part  of  the 
plant  cast  II. BOO:  the  boilers,  derricks,  hoists,  etc,  cost  tl.OID: 
40%  dynamite,  costing  ZO  eta  per  lb.,  was  used.  There  were  18,433 
lln.  ft.  of  main  holes  drilled  (not  Includlns  block  holes)  In  exca- 
vatlnr  29.295  cu.  yda  of  solid  rock.  The  total  cost  of  the  work. 
Including  the  plant,  cartage,  sledging,  etc,  was  fEt,GS5.  The  item- 
ised cost  was  as  follows : 

Cts.  per  cu.  yd. 
P'oremen  and  timekeepers 8.0 


Rnglne 
Sledgei 


1   drillers 


-  -rrickmen  and   helpers    9.t 

i*.bor,    loading,    etc    21.7 

Kond  drillers   ll.T 

Ulnchsmlth  and  helper   S.I 

Hauling  away  In  wagons 40.6 

Explomves S.S 

Coal,   coke,  oil.  etc •-* 

Repairs  to  drills 1.0  - 

Repairs  to  boilers,  derricks,  etc 1.2 

Total  per  cu.  yd 11.87 

Mr.  Hopper  informH  me  that  In  sound  rock  where  20-ft.  holes 
could  be  anued.  a  drill  would  average  70  ft.  in  10  hra  ;  but  In 
shallow  drilling  the  drills  would  frequenUy  not  average  Over 
ii  tt.  each. 

This  la  about  as  high  a  cost  as  need  occur  In  open  cut  rock  work 
of  any  kind,  when  wages  are  as  above  given. 

See  the  section  on  Railways  for  cost  of  excavating  gneiss  for  the 
New  York  Subway. 

Cost  of  Qneiss  Excavation  for  Dains.->Hr,  J.  Waldo  Bmlth  )s 
authority  for  the  statement  that  on  several  dam  Jobs  done  under 
his  direction,  near  New  York  City,  it  had  cost  the  contractors  tl.OG 
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per  CO.  yd.  to  ezcavata  snelaa  In  opea  CDta,  when  wagaa  ot  com- 
Uon  latererB  wer«  tl-B6  eta.  per  IV-hr.  day.  At  Catona  It  had  coH 
Ihe  contractora  IJ.CO  [>er  cu.  yd.  to  excavate  gnelsi  In  the  founda- 
ILoD  for  Uie  dam,  where  no  blasUnx  was  allowed.  At  Boontown, 
N.  J.,  under  similar  conditions.  It  had  cost  13.30  per  cu.  yd. 

Summary  »f  Coat*  on  Chicago  Canal.— The  summary  in  Table 
X  bu  been  complied  by  Hr.  W.  a.  Potter.  Common  laborers  In 
III  c«aea  receiving  fl.EO  for  10  hra.  work,  all  delays  of  1  hr.  or 
Bore  bdns  dodrad.  Wacee  paid  the  other  clasnea  of  men  are  gtven 
In  my  "Rock  Excavation."  The  tabulated  coats  do  not  Include  shop 
niialra.  but  do  Include  field  repairs.  The  drilling  Item  appears  not 
Is  Include  the  cost  of  drill  aharpenlns.  E^nt  Interest  and  depreci- 
ation are  not  Included  either — a  very  bsDortant  Item  where  such 
expensive  machines  are  used.  Explosives  Include  caps  and  dyna- 
mite^ 11  cts.  per  lb.  for  the  40%  dynamite  being  assumed  to  cover 
the  cost  of  explosfves.  Oeneral  expenses  Include  auperlntendence, 
watduuen  and  tncldentsls. 


Tabli  X. — Cost  i 


CE^ra  Put  Cu.  Til   (Soud). 


LIdnrwood  GBbleway..3.T 
BuOett-HcMyler  Der- 

rldi    

Hnllett  Conv^or.. 
Car  Hoist  No.  1.. 
Car  Hoirt  Na  Z . . . 
Car  Hoist  No.  3... 

The  descriptions  of  each  of  the  faregolng  machines  and  methods 
of  excavating  and  transporting  the  rock  (limestone)  are  given 
in  my  book  on  "Rock  Bicavatlon."  The  detailed  cost  of  chan- 
neling per  square  foot  Is  alao  given  there. 

TrtnchJno  In  Rock. — This  la  a  subject  upon  which  practically 
nolhtnc  has  ever  been  written.  In  consequence  there  Is  probably  no 
claaa  ot  rock  work  that  Is  so  often  mismanaged ;  and,  as  a  furttiM* 
9  of  the  prevBlllng  Ignorance'  >nglneerK  eatlmHtes  of 
«  often  far  too  low  and  occastonally  |au  aa.r  too  high.  In  city 
'or  sewer  trenching  In  roclF  I!  is  customary  to  pay 
only  tor  rock  excavated  within  specified  "neat 
Unea."  If  he  excavates  beyond  the  "neat  lines:'  he  does  so  at  his 
own  aipe&ae.  In  sewer  work  the  most  common  practice  is  to 
siMdfy  that  payment  wll]  be  made  tor  a  trench  12  Ina  wider  than 
the  outside  diameter  of  the  sewer  pipe,  and  6  Ins  deeper  than  Ihe 
bottom  of  the  pipe  when  the  pipe  Is  laid  to  grade.  The  most  ra- 
tional qieclflcatlon  that  I  have  seen  tor  genera)  use  In  rock  trench- 
ing U  as  followa:      "All   trenches  In   rock  excavation  will  be  estl- 
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mated  i  tt.  wider  than  the  external  diameter  of  the  pl[>s  and  t  [n& 
below  the  Kwer  grade." 

Different  roclu  vary  greatly  In  the  way  the  eldea  and  bottom 
ahear  off  upon  blaatloK.  The  aides  of  trenches  In  soft  roclu  can 
be  cut  off  clean  when  the  blaat  holes  are  properly  loaded ;  but 
touKh  granites,  traps,  etc..  leave  Jagged  walla,  generally  Involving 
■excavation  beyond  the  "neat  lines"  speclfled. 

In  excavating  thin  bedded,  horfsEontally  straUiled  rocks  the  drill 
hole*  seldom  need  to  go  much.  If  any,  below  the  neat  lines ;  that  la, 
C  Ina  below  the  bottom  of  the  pipe.  But  In  aicavatlng  thick 
bedded  and  tough  llmesUineB  and  the  like,  It  la  generally  necessary 
to  drill  IS  tna.  below  the  bottom  of  the  pipe.  In  tough  gnmltea, 
traps,  etc..  It  ll  often  necesBary  to  drill  at  least  IB  Ina  below  giade 
In  order  to  leave  no  knoba  or  projections  after  blasting  that  would 
require  breaking  off  with  bull  points  and  sledges.  Obviously  the 
shallower  the  trench  the  greater  Is  the  Importance  of  making  due 
allowance  (or  this  extra  drilling. 

Tho  common  practice  In  placing  drill  holes  [s  to  put  down  holes 
In  pairs,  one  hole  on  each  side  of  the  proposed  trench ;  and.  if  the 
trench  Is  wide,  one  or  more  holes  are  drilled  between  these  two 
(tide  holes.  However,  It  Is  not  always  necessary  to  drill  the  two 
holes  (one  on  each  side)  ;  but  In  narrow  trench  work,  such  as  for 
*  li-ln.  water  pipe,  one  hoie  In  the  middle  of  the  trench  will  usu- 
ally prove  BufSclent  If  It  Ih  made  of  large  enough  diameter  to  hold 
a  beavT  charge  of  dynamite.  For  example.  In  trenching  for  a 
li-ln.  water  pipe  In  New  Jersey  trap  rock,  holes  were  drilled  In  the 
«enter  of  the  trench,  8  ft  deep,  and  S  ft.  aparL  The  result  waa  a 
great  saving  In  the  cost  of  drilling  per  cubic  yard. 

Cost  of  DrIlllnB  ">d  Blasting  In  Trenches. — Next  to  tunneling 
there  Is  no  class  of  rock  excavation  requiring  ao  much  drilling 
per  cubic  yard  as  does  trench  excavation.  In  granites.  If  shallow 
boles  are  drllUid  by  hand,  (he  holes  are  frequently  spaced  not  more 
than  Hi  ft.  apart.  If  In  a  very  narrow  trench  114  ft  wide  two 
holes  are  drlllel  In  a.  row,  one  on  each  side  of  the  trench,  and  If  the 
rows  are  1 M  FL  apart,  we  have  two  holes  drilled  In  a  square  l\i  tt. 
on  a  side;  tliat  Is.  for  every  ZU  cu.  fC  of  rock  we  must  drill  Z  ft. 
of  hole,  or  24  ft  of  drill  hole  per  cu.  yd.  If  the  cost  of  drilling  la 
£5  cts.  a  foot,  we  have  I0.2B  x  24  =  )■  per  cu.  yd.  as  the  coat 
of  drilling  alone.  It  is  seldom,  however,  that  such  narrow  trench- 
ing is  done.  Trenches  lor  small  pipes  are  usually  S  <4  to  3  f L  wide ; 
two  holes  are  usually  drilled  In  a  row,  and  rows  are  usually  about 
1  fL  apart  A  trench  t  ft.  wide  with  two  holes  In  a  row.  and 
rows  3  ft.  apart,  requires  8  ft.  of  drilling  per  cubic  yard.  With 
drilling  costing  BO  eta  per  ft.,  as  It  often  does  where  hand  drills  are 
uaed  In  granite,  the  cost  is  then  %i  per  cu.  yd.  for  drilling  alone. 
Unless  the  Job  Is  too  small  to  pay  for  Installing  a  plant,  hand 
drilling  should  never  be  used  In  trench  work,  because  the  drilling 
fornts  such  a  very  large  part  of  the  cost. 

In  a  trench  8  ft.  wide  In  hard  New  Jersey  trap  rock  three  holes 
were  drilled  in  a  row.  one  close  lo  each  side  and  one  In  the  middle. 
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■ad  the  rows  wer«  S  ft.  apart,  thus  requlrlni  iV,  ft  oC  drill  hole 
per  cu.  yd.  of  exc&vatlon.  The  drllUiiK  waa  done  with  Bteam  drill! 
U  &  coBt  of  SC  eta  per  lln.  ft.,  for  the  holes  were  only  4^  ft. 
dMp,  tbe  rock  was  bard,  and  the  men  slow,  atraut  3G  ft.  tMlns  tlie 
da^B  work  per  drill.  The  contrnctar  had  to  drill  IM  tL  below 
grade  In  this  rock  to  insure  having  no  prolactlnK  knoba  of  rock. 
WbUe  It  coat  ft.lE  per  cu.  yd.  to  drill  the  S^  tL  for  which  pay 
Bent  was  made,  to  this  must  be  added  nearly  10%,  or  |0.4D  per 
CD.  yd.,  to  cover  tbe  coat  of  drilling  the  extra  1  ft.  for  which  do 
paymoit  was  recolved.  maklns  the  total  coat  of  drllllnK  %l.li  per 
aa.  yd.  of  pay  material.  At>out  Z  Iba  of  40%  dynamite  were 
dtarKBd  in  each  hole,  making  about  2.S  lbs.  of  dynamite  per  cu.  yd. 
Of  par  ma.terlal.  The  eiploelveB  thus  added  another  fO.tO  per 
en.    -jA.,    maklDK   a    total   of   tl.lS   per   cu.    yd.    for    drilling   and 


In  the  same  trap  rock,  where  the  trench  was  S  ft.  wide  and  11 
fL  deep,  there  were  three  holea  In  a  row  and  rows  were  4  ft  apart, 
requlrlDK  263  ft  of  hole  per  cu.  yd.  of  pay  excavation,  plus  0,21  ft 
«f  hole  per  cu.  yd.  of  pay  material  to  cover  the  cost  of  drilling  the 
bat  1  ft  of  hole  below  the  "neat  line."  Eiach  drill  averaged  4G  ft 
of  hole  In  10  hrs..  and  the  coat  waa  23  eta.  per  ft  of  hole:  henc* 
t«.21x  2.74  =  10-63  per  cu.  yd.  was  the  coat  ol  drilllns.  About  4 
Iba  of  40%  dynamite  were  charged  In  each  bole,  or  1.1  lt>a.  per 
en.  yd.  of  pay  material,  making  the  total  coat  80  eta  per  cu,  yd.  for 
drllUnK  and  hlaatlng.  A  comparison  of  thia  coat  of  80  eta  with  the 
IMS  above  given  brlnSB  out  strikingly  the  fact  that  each  problam 
«f  trench  work  must  be  considered  In  detail  by  itself. 

la  a  dty  where  the  contractor  muat  flro  comparatively  amall 
riiots  In  order  to  avoid  accidents  to  buildings  and  suita  for  dam- 
agea  arishis  from  'dlMurblnc  the  peace,"  It  Is  seldom  poaribla  to 
vace  the  holes  iiior«  thaa  t  or  at  moat  4  ft  apart.  In  trenchlnx 
In  soft  sandstona  In  Newark,  N.  J.,  where  the  trench  was  14  ft 
vide  ODd  10  ft  deep,  there  were  five  boles  tn  a  row  (the  distance 
Mween  holes  bdns  i%  tt)  and  rowa  were  4  ft.  apart  making  3.4 
ft  of  hole  per  en.  yd.  Elaeh  hole  waa  eharged  with  4.12  Iba  of 
41%  dynamite,  making  practically  1  lb.  per  cu,  yd.  About  half 
the  dynamite  waa  charged  at  the  bottom  of  each  hole,  then  tamp- 
ing waa  put  In,  and  the  other  half  waa  charged  up  to  about  iVt  ft. 
below  the  mouth  of  the  hole.  Bach  ateam  drill  averaged  90  ft  Of 
b^  per  ID  hrn.,  maklnn  the  coat  of  drilling  10  eta  ner  ft  of 
bole,  or  24  els.  per  eu.  yd.  Including  the  cost  of  dynamite  and  the 
Placing  of  timbers  over  each  blast,  the  cost  of  drilling  and  blasting 
"u  40  ets.  per  cu.  yd.  This  Is  probably  as  low  a  coat  for  break- 
ing rock  In  a  wide  trench  as  can  be  counted  upon  under  favorable 
coDdltlona  In  this  rock  there  waa  no  neceaalty  of  drilling  tielow 
grade 

The  cost  of  throwing  rock  out  of  shallow  trenches  or  of  loading 
it  IMo  bncketa  to  be  raised  by  the  engine  of  a  derrick,  a  locomotive 
tnme  or  a  cafeleway,  la  somewhat  greater  than  the  coat  of  handling 
rock  bi  open  cnta     A  fair  day's  work  for  one  man  Is  4  cu.  yds. 
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It  cablewaya  or  derrlcki  are  usod  for  holsllnK  the  rode,  bear  In 
mind  that  ttiey  will  be  Idle  most  or  the  time,  lor  the  drIllliiK  llmlta 
tha  output.  With  a  Klvan  autnber  at  drills  to  a  cableway.  eitlmats 
the  number  ot  cubic  yard*  of  racK  that  the  drills  will  break  per  day 
and  divide  this  yardase  Into  the  dally  coat  at  overatloK  the  cable- 
way.  Thus.  In  a  trench  (  ft.  wide,  il  the  holes  a»  3  ft.  apart,  each 
cubic  yard  of  rock  requires  4H  ft.  o(  hole,  and  eaiih  drill  will  break 
13^  cu.  yds.  per  day  where  GO  ft.  of  hole  Is  a  day's  woiii.  With 
four  drills  per  cableway  the  dally  outDut  Is  1  X  13^  =  6i%  cu.  ydK 
The  cableway  would  be  capable  of  haodllnc  several  limes  this  out- 
put were  It  nut  limited  by  the  drllUnK.  NotwIthstandlDR  that  aU 
this  seems  self-evident,  I  have  known  more  than  one  contractor  to 
overloolc  the  fact  that  the  cost  of  handling  rock  from  trenches  la ' 
very  much  greater  than  in  olwn  cuts  where  holes  are  farther  apart 
and  where  a  tew  drills  can  keep  a  cableway  busy, 

I  am  Indebted  to  Mr.  F.  I.  Wlnslow  for  the  foIIowlnB  data  on 
trench  work  in  Boston.  Mass. :  For  house  sewer  trenches,  con- 
tractors are  allowed  3  ft.  width,  and  trenches  for  water  pipe  (1< 
ins.  or  less),  2M  ft.  width.  The  rock  Is  granite,  and  the  drill  holes 
are  usually  3  ft  apart  drilled  along  the  center  of  the  trench,  but 
staggered  a  little  off  center.  On  small  Jobs  hammer  drills  are  used, 
«ne  man  holding  and  two  striking.  B\)r  a  hole  10  ft.  deep  the 
starting  bit  Is  Zii  Ina  and  the  flnlshlng  bit  Is  1 U  Ins.  diam.  A 
drilling  gang  of  three  men  averages  8  to  10  ft.  ot  hole  in  10  hra, 
although  In  very  soft  rocic  tO  ft.  may  be  drilled  in  10  hra.  In  a 
trench  10  fL  deep,  the  rock  is  usually  excavated  In  two  E-n. 
benches,  but  some  contractors  drill  the  full  10  ft.  and  take  it  out 
In  one  10-tt.  bench.  Forclte  containing  TS%  nitroglycerin  is  com- 
monly used,  H  to  3  Sticks  being  charged  In  a  bote.  Force  account 
records  tt,,:  gran.te  trenching,  on  Jobs  of  less  than  100  cu.  yda. 
each,  show  that  the  average  coat  during  the  past  15  years  has  been 
tS.SO  per  cu.  yd.,  Including  excavating  and  piling  up  the  rock  along- 
side the  trencl:.  The  wages  paid  hand-drillers  were  ^1.^6  per  10-hr. 
day :    and  to  laborers,  tl.40  per  day. 

I  am  indebted  to  the  Harrison  Construction  Co.,  of  Newark, 
S.  J;  for  the  following  Information :  In  a  sandstone  trench  about 
t  n,  wide  the  holes  were  spaced  about  3  ft-  apart  thus  requiring 
1  ^  ft.  of  hois  per  cu.  yd.  In  seamy  rock,  shallow  holes  1  to  t  ft. 
deep  wpre  drilled,  and  from  S  to  3  sticks  of  S0%  dynamite  war* 
charged,  each  stick  being  1 W  X  8  ins.  This  Is  equivalent  to  ».6B 
lb.  per  cu.  yd.  Where  the  rook  was  solid,  the  holes  were  drilled  8 
to  10  ft.  deep  and  the  dynamite  charge  doubled. 

Consult  the  sections  on  Water  Works  and  on  Sewers  for  further 
data,  on  trenchlnK- 

Cost  of  Quarrying  and  Crushing  Trap.— The  following  data  relate 
to  quarrying  New  Jersey  trap  rock  and  crushing  It  In  gyratory 
crushera  The  quarry  foce  was  13  to  18  ft.  high.  The  output  of 
the   following  gang  was   200   cu.    yda    of   crushed   stone  per   ID-hr. 
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4ay.  each   cubic  yard  ol  cruilier  run  product  welaihlngr  Z,70D  Ibit, 

00  Dlecfl  twlOK  more  than  1  Iuh.  diameter.  The  welKht  ol  a  •olid 
cubic  yard  of  Uila  trap  waa  4,E00  Iba.,  so  that  the  voids  In  Ute 
mubed  BtoDe  were  10%.    Drill  bci)M  were  q>aced  about  E  ft.  apart. 

Per  day.  Per  cu.  yd. 

1  drtUerB  at   I2.TE    t      S.25  10.041 

1  faelpeta  at   il.7S E.ZE  0.028 

Id  men    bBrrlng'    out    and    aledgliiK lEi.OO  O.OTS 

14  meu    loading    carta 21.00  O.IOS 

4  cart    horses    .'. $.00  O.OJO 

I  tart  drivers   J.OO  O.OIS 

iplng  carta  and  teedlng  crusher. . .       S.OO  O.OIB 

■^OT  drill  boiler !.B0  O.OIS 

1  for  cruaber   3.0D  0.015 

tk    1.00  O.OIE 

1  blaclumltb  helper       a.OO  0.010 


dumplni 


9  coal  at  ta.60 7.00  O.OM 

U*  lbs.  40%  dynamite  at  IE  eta 22.50  O.llS 

Total    tlO«.GD  IoThS 

Intereat.  depreciation  and  repairs  would  add  about  %t  or  tlO  more 
per  day,  or  4  to  E  cts.  per  cu.  yd.,  maklns  a  total  of  about  dS  cts 
per  cu,  yd.     There  was  no  earth  strlppinK- 

The  stone  waa  loaded  Into  one-harae  dump  carta,  the  driver  tak-, 
Inc  one  cart  to  the  cruther  while  the  other  cart  was  being;  loaded. 
"Hie  haul  waa  100  ft-  The  carta  were  dumped  Into  an  Inclined  chute 
reeding  into  a  No.  E  Qates  Byratory  cruaher.  The  stone  was  ele- 
vated by  a  backet  elevator  and  screened.  All  atone  larger  than 
2-ln.  waa  returned  through  a  chute  to  a  small  No,  }  Oatea  cruaher 


I  sboDld  add  that  the  trap  rock  waa  much  seamed,  ao  that  upon 
Uaatlng  It  waa  broken  Into  tolerably  amall  chunks,  no  that  the' 
COM  of  tfedglng  was  not  high  condderlng  the   small   alie  of  the 

C«at  of  Cru4hlng  at  Nswlon,  Mate — A.  F.  Noyes.  Clt>  Englliecr 
of  Newton,  Uasa.,  gives  the  following  cost  data  for  the  year  1S91, 
on  (our  Jobs  of  crushing  stone  and  cobblea  tor  macadam.  On  Jobs 
A  and  B  the  stone  was  quarried  and  cruahed ;  on  Jobs  C  and  D 
cobblestoneB  were  crushed.  A  9  x  lE-ln.  Farrel-Harsondon  crusher 
*ai  used,  stone  being  fed  In  by  two  laborers  A  rotary  screen 
having  M,  1  and  SM-ln.  openings  delivered  the  stone  Into  bins  hav- 
ing lour  compartmeata,  the  last  receiving  the  "tailings"  which  had 
Uled  to  pasB  through  the  screen.  The  broken  atone  was  measured 
la  carts  as  they  left  the  bin,  but  several  cart  loads  were  weighed, 
living  the  following  wel^ts  per  cubic  toot  of  broken  stone: 


i-ln.       1-ln         2U-inaTalllngB. 


Oreenlrti  trap  rock.  ' 
Qxiglomerate.  "B"  . 
Cobblestones,   "C   an 


tt- 
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Job . 

A.  B.  C.            D. 

Houn    run    413  lU  101  188 

Short  tons  per  bour 9.0  11. 1  lE.T  11.1 

Cu.  jdA  per  hour   T.7  8.9  11.8          9.0 

Per  cent  of  tolllnsB   31.8  1>.J  IT.E  20.S 

Per  cent  of  IH-tn.  fltons El. 3  E1.9  CT.O  6G.1 

Percent  of  U-in.  atone  oVduatiii!'^  •!?         18.8        H'i        ii.'j 

Job 

A.  B.  CD. 

BxploBlveB,  coal  for  drill  and  repatrB.fO.OBI  10.018     

Labor   BteEun    drilling 0.092  

Labor   hand    drilling    0.819      

Bharpenlns   toole    O.OSS        0.023      

SledKlnK  atone  for  crualier   0.2T9        0.420      

Loading   carta    0.098       O.IZT     80.114 

Carting  to  cruaher    0.072        0.OS2      to. 311*     0.098 

Feeding    cnjaher     0.0E3        0.053        0.033        O.OtG 

Engineer  of  crustier    O.Oai        0.038       0.029        0.088 

Coal   for  cruBher    0.079        O.06O       0.017        0.014 

Repairs  to  crurtier   0,011  O.Oll 

Moving   portable   crusher    0,023     0.018 

Watchnuui    (81. TG   a  day) O.OKI       0.022       0.030 

Total  cort  per  cu.  yd 80.898     II.IH     8«.11G     80,111 

Total  con  per  short  ton 0.11E        0.g8G       0.889       0.S73 

■Loading  and  bauliug  In  vbeelbaxrowa 

Nora. — "A"  was  tran  rock ;  "B"  waa  conglomerats  rock ;  "C* 
and  "t>"  were  trap  and  granite  cobbleatonea.  Common  laborera  on 
]obB  "A"  and  "D"  vrere  paid  81. TG  oer  9-hr.  day :  on  Jobs  "B"  and 
"C,"  8I.G0  per  9-hr.  day ;  two-horse  cart  and  driver,  8E  per  day ; 
blackamlth,  82. GO:  engineer  on  crusher.  82  on  job  "A."  83.2G  on 
"B,"  82.00  on  "C."  82. GO  on  "D"  :  steam  driller  received  f3,  and 
helper  tl.7G  a  day;  foreman,  83  a  day.  Coal  waa  8G-2S  per  ahort 
ton.     Porclte  powder  11^  eta  per  lb. 

Coat  of  Quarrying  and  Crushing  Quartifta, — Mr,  W.  O.  Xlrchotfer 
gives  the  following  data  on  the  cost  of  quarrying  and  crushing 
quartxlte  for  macadam.  In  1903,  at  Baraboo,  Wla  The  plant  waa  a 
municipal  plant  operated  by  day  labor,  and  the  costs  were  some- 
what higher  than  under  contract  work.  The  crusher  was  a  No.  3 
Austin  law  crusher,  12  ■  IS-ln.  opening.  Three  sises  of  screen  holes 
In  the  rotary  screen  were  used;  V-ln..  IV -In.  and  2H-ln.  The 
flrst  cost  of  the  plant  was  as  follows,  In  ISOl : 

Crusher    t    800 

Bins    108 

Bteam  drill    118 

Small  tools 108 

tl.SI4 

Tlie  output  of  tiM  crusher  by  years  has  been : 

1901.      1902.     1903, 

Total  output,  cu.  yda    1.920     3.T00     1,888 

Days  worked   17         70         88 

Output  per  day,  cu.  yda  11  Gl      EGti 

In  the  year  1901,  about  10%  of  the  stone  waa  screened  out  and 
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13.50.     The  stona  was  measured  In  wagona  built  to  h 

cu.  rds.,  bjr  weight.  3,800  lbs.,  and  the  (oltowInK  coats  lor  1903  are 

baaed  upmi  wagon  n^easuremait  at  the  stone; 

(Juan-jr  rent   10.0207 

Lnbor  quarrying.  Including  [oreman 0.1300 

Labor    cruBhlng    0.1980 

Dies  for  crusher    '. O.OSiC 

Uynamlte   (60%  at  2S  cts.  per  lb.),  caps  and  (uae O.OOID 

Rent  o(  engine  and  wages  of  englnaman 0.003E 

Fuel  for  engine,    M-BO  per  ton 0.047T 

Oil  and  waste    0.0033 

HaulInK  water  and  supplies   0.04)9 

Supplies    0.0137 

Superintendent  of  crusher   0.047( 

LtepreciatloD  of  plant O.073t 

Total    11.007* 

The  cost  of  hauling  2%  miles  to  the  street  was  50  eta  per  cu.  yd., 
wages  of  team  and  driver  being  \3  b,  day. 

The  cost  of  the  macadam  pavement,  including  stone,  hauling. 
grading,  spreading  stone,  claying  and  rolling,  has  been  a  little  less 
than  50  cts.  per  aq.  yd.  The  macadam  was  8  Ina.  thick  at  the 
center  and  1  Ins.  at  the  gutters,  measured  after  rolling. 

Cost  of  Quarrying  and  CrushInQ  LImeitona  for  Macadam. — The 
cost  of  operating  a  small  quarry,  and  crushing  with  a  portable  or 
leml-portable  crusher  Is  obviously  much  higher  than  where  a  large 
plant  Is  used.  For  some  time  to  come  the  greater  part  of  road- 
metal  cruBlilng  will  be  done  with  small  plants,  under  conditions 
such  as  T  am  about  to  describe,  and  at  coats  not  far  differing  from 
those  that  will  be  Klven. 

In  quarrying  limestone,  where  the  face  of  the  quarry  waa  only 
5  to  6  (t.  bigh,  and  where  the  amount  of  stripping  was  small. 
one  steam  drill  was  used.  This  drill  received  Its  steam  from  the 
nme  boiler  that  supplied  the  crusher  engine.  The  drill  averaged 
EO  tL  of  hole  drilled  per  10-hr.  day,  but  was  poorly  handled  and 
frequently  laid  off  for  repairs  The  cost  of  quorryine  and  crushing 
was  as  follows: 

1  driller f  2.50 

1  helper    1.G0 

1  man    stripping    1.50 

1  men    quarrying    0.00 

1  blacksmith    2.B0 

tt  ton  coal  at  tl 1.00 

R^lra  to  drill   «0 

Hose,  drill  steel  and  interest  on  plant 90 

ti  lbs.    dynamite    3.80 

Total    120.10 
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1  englnvroan     |  z.EO 

%  men  te«illiiK  crusher    3.G0 

S  men  whecllnc S.OO 

1  bin   man    l.BO 

1  general    foreman    1.00 

li   ton  coal  at  »J    1.00 

1   gallon   oil    :5 

Rquirs   to  crusher    l.EO 

Repair!  to  engine  and  boiler  I.OO 

loterest  on  plant    1.00 

Total     (24.Z5 

Summary — - 


P«T  day.  Per  cu.  yd. 

arrylng     (20.10  tO.J4 

jBhlnff     24.2fi  O.tl 


Total  tor  «0  cu.  yd>. I43.8S-         |O.TS 

The  "4  men  quarrylns"  barred  out  and  iledxed  the  itone  to  atzeB 
Ihat  would  enter  a.  S  x  IG  In.  Jaw  cruaher.  The  "i  men  wheellnK" 
dtilvered  the  atone  In  wheelbarrows  to  the  cruaher  platform,  the 
run  plank  being  never  longer  than  IQO  ft.  Two  men  fed  the  stone 
Into  the  cruaher,  and  a.  binman  helped  load  the  waKonn  from  the 
bin,  Knd  kept  tally  of  the  loada.  The  stone  was  measured  loos» 
In  the  wagons,  and  It  was  found  that  the  average  laa.d  was  IH 
cu.  yds.,  welghlnK  2,400  Iba.  per  cu.  yd.  There  were  40  wagon  loads. 
or  60  cu.  yds  crushed  per  lO-hr.  day,  although  on  some  days  as 
high  as  75  cu.  yds,  Wdre  crushed.  The  Stone  was  screened  through 
a  rotary  screen,  9  It.  long,  having  three  slies  of  openings,  iii-ln., 
lU-ln.  and  %Vt-i.a.  The  outnut  was  lfi%  of  the  smallest  size,  24% 
of  tho  middle  slse,  and  80%  of  t.ic  large  slse.  All  tailings  over 
ZVi  Ins.  la  alio  were  re-crushed. 

It  will  be  noted  that  the  Interest  on  the  plant  Is  quite  an  Im- 
portant Item.  This  Is  due  to  the  tact  that,  year  In  and  year  out. 
a  quarrying  and  crushing  plant  for  roadworK  seldom  averages 
more  than  100  days  actually  worked  per  year,  and  the  total  charge 
for  Interest  must  be  distributed  over  these  100  days,  and  not  ov«r 
300   days  as  la   so   commonly   and  erroneously  done. 

The  cost  of  stripping  the  earth  off  the  rock  Is  often  considerably 
in  excess  of  the  above  given  cost,  and  each  case  must  be  estimated 
separately.  Quarry  rental  or  royalty  Is  usually  not  In  excess  of 
S  cts.  per  cu.  yd.,  and  frequently  much  less. 

The  dynamite  used  was  40%,  and  (he  cost  of  electric  exploders 
|8  Included  in  the  cost  given.  Where  o.  higher  quarry  face  Is  used 
the  cost  of  drilling  and  the  cost  of  eiploslvoa  per  eu.  yd.  la  leas. 
Eiclualve  of  qunrry  rent  and  heavy  stripping  costs,  a.  road  con- 
tractor should  be  able  to  quarry  and  crush  limestone  or  sandstone 
for  not  more  than  T5  cts.  per  cu.  yd.,  or  62  eta  per  ton  of  2,000  lbs., 
wages  and  conditions  being  as  above  given. 

Tho  labor  cost  of  erecting  bins  and  Inslnlllng  a  9  x  16  Jaw 
cruaher.  elevator,  etc.,  averages  at>out  175.  Including  hauling  the 
plant  two  or  three  miles,  and  dismantling  the  plant  when  work  la 
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Tbe  Srst  coat  ot  a  quarryluK.  cruahlnK  umI  '"■"•"Ham  road  build- 
ing plant  la  civen  Id  foUowins  paragraph. 

Pric*  Ot  Road  Building  Plant^The  (oUowins  glvea  tbe  Orst  cost 
ot  a  typical  portable  plant  for  quan-jrliiK  and  cruahlDK  rock,  sracl' 
inc.  hauUnc  and  building  a  macadam  road : 

f^rvjlwr    Plane — 

(SxlEln.),  with  rotary  acreen.  .fl.lOO 


Portable  bins   . 

i  wheels  '(io~HP.)'. 

Total  cniaher  plant 

Oaarrjf  Plant— 

t  ateam  drilla  at  fzeo 

Steam  pipe,  waterplpa.  etc 

QuaiTT  aod  blacksnith  toola.. 
Bteam  boiler   (15   HP.)    


Total    quarrr    plant    f  1.104 

Sood  Plant— 

dumn  waKona  for  haullnx  atone  at  1125... .|  7G0 

dump  wagona  for  grading  at  )liS TSO 

leveling  ecrapera  at  tlOO , £00 

I  wheeiscrapera  at  |G0 : 600 

1  drag  acrapera.  itaovela   plcki.  etc lEO 


600 


Coat  of  Jaw  Cruihar  Renewal*. — Hr.   Thomaa  Altken  givea  the 

toIloCTliiK  data  aa  to  costa  In  England,  tor  a  E>  x  K-ln,  Jaw  crusher 

(Baxter)  whoae  firat  coat  complete  waa  |l,fi00.  The  cniaher  aver- 
Bced  *C  long  tona  of  trap  per  10-hr.  day. 

Life  Plrat  Coat  pei 

In  tona  costol  long  ton, 

crushed.  part  centa 

Upper  Jaws   (reversible) 8.000  fll  0.13 

L«wer    jHwa     (reversible) 1.000  II  0.20 

Tiv  rotary  screen  (plataa  i4   In.) .  .24.000  30  0.12 

Ldwer  rotary  screens   48,000  23  0.04 

EUewalor  belt   (S  ply  i   26  ft.   long), 

platea,    etc 32,000  60  O.IS 

HIevator    buckets     (2E) 8,000  10  0.12 

Toggles  and  bettrlnga,  etc 8.000  14  O.IG 

Total     1.01 

ThiB  crusher  has  a  capacity  of  SO  Ions  (of  t,!40  lba>  per  day. 
Is  mounted  on  wheals,  and  has  two  short  rotary  screens  (one  above 
the  other)  mounted  on  Uie  same  framework  with  the  crusher 
Itaelf,  and  It  carries  a  vary  small  bin.  also  on  the  siLioe  frame, 
Tbe  machine  la  entirely  self- contained,  and  thus  is  readily  portable. 
Our  American  practice  la  to  have  large  separate  bins  (aomellmes 
on  wheels),  and  conaectuently  a  much  longer  elevator.  While  the 
flrat  cost  of  our  American  crushers  of  the  same  size  Is  also  about 
(I.SOO  complete,  our  repair  porta  will  average  nearly  double  the 
cost  glvmi  by  Ur.  Altken  lor  English  conditions. 
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Altken  states  that  1  hp.  (nominal)  for  «ach  ton  cruBhed  per  hour 
will  drive  the  Baxter  crusher,  but  It  la  DOteworttay  that  he  bIvbb 
a  coal  connimpUoii  of  T20  lb&  per  day,  vhlch  Indicates  far  more 
than  8  hp. 

Cost  of  Quarrylno  and  Crushing  LImcgtone,  MiMOurl.*— Mr.  Cur- 
tis Hill  elves  the  following  relative  to  work  done  by  contract  In 
190S  for  the  Missouri  HlKhwar  Department.  The  stone  was  a 
hard,  bluish  gray  limestone.  Two  quarries  were  opened  up  near 
the  road,  and  a  total  of  13.000  cu.  yds.  of  crushed  stone  produced. 
Quarryinp —  Cost  per  cu  yd. 

Foreman  and.  tlmelceeper,  at 10.40  tO.OGS 

Drillers  (band),  at iTi^  .OIS 

Drillers  (steam),  at nvt  .031 

Laborers,  at    li(5  .384 

Teams,   at    3E  .011 

Powder,    iba.    at    10  ,0S9 

Caps,  at    10  .003 

Fuse,   ft.   at 01  

Watchman,   at    IS  .017 

Water  boy.  at 10  ,013 

Quarry  rent,  at .030 

Total  quarrylnc  30.411 

CraaMnff — 

Foreman  and  timekeeper    40  .064 

Laborers 17^  .121 

Engine  and  englneman    40  .007 

Watchman   IS  .007 

Total   crushInK    10.359 

Grand  total    10.731 

This  does  not  include  plant  interest,  repairs  and  depreciation,  nor 
Insurance  of  men. 

The  stone  was  screened  through  three  slsea  of  hole.  \i.  IM  and 
3-ln. 

The   crusher    was   a   portable    Jaw    crusher,   and    Its  output   wax 
05  cu.  yda  per   10-hr.  day. 
The  orxanlxBdon  was  about  as  follows: 
1  quarry  foreman. 
1  steam  driller. 
1  hand  driller  i%   time). 
8  laborers,   quarry, 
t  team   i\k   Um«). 
1  water  boy. 
1  watchman. 
1  crusher  foreman. 
4  laborers   at   crusher. 
1  englnenian    on    crusher. 
Cost  of  Crushing  and  Hauling  Cobbl«ttonei.t— Hr.  W.  A.  Ollietle 
Is  author  of  the  following: 

It  may  be  of  Interest  to  builders  of  macadam  roods  or  crushers 
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ol  (tone  to  knaw  how  cheaply  the  work  can  be  done  with  a  good 
Boall  plant  >nd  when  the  nipervMon  of  the  plant  !■  IntelllKently 
kdmlnlMered.  My  experience  In  the  above  class  of  work  leads  me 
to  believe  that  few  plants  of  a  cainclty  simitar  to  tha  one  which 
tfwwa  the  output  I  will  Klve  below  are  BlvInK  such  ntlstactory 
naolu.  The  plant  Iti  queBtlon  Is  owned  by  the  City  of  Ventura. 
CaL,    and    the    rock    la    used    In    the    construction    of    petrollthic 


;  of  the  entire  work  has  t>een  done  by  J.  B. 
Vajid,  and  Hr.  James  U.  HontKomerr  Is  the  contractor.  Hr. 
UontKomery  has  an  aiceptlonslly  fine  lot  of  stock,  and  the  or- 
■anlution  of  his  work  Is  about  as  near  perfection  as  It  could  t>e. 

While  looklne  over  the  work  at  Ventura  the  writer  took  occasion 
Id  make  an  Inquiry  regardlnK  the  cost  per  cubic  yard  for  stone 
delivered  on  the  street.  This  question  was  brought  about  from 
the  tact  that  tha  work  was  twins  done  at  an  exceptionally  low  cost, 
and  It  was  hard  to  understand  Just  why  the  coat  was  so  much 
less  than  that  of  Other  similar  construction. 

I  was  told  that  the  cost  of  the  rock  delivered  on  the  street 
was  something  less  than  60  cts.  per  cu.  yd.  It  hardly  seemed 
posslhle,  when  It  was  known  that  the  average  haul  from  the 
crusher  to  the  work  was  at»ut  a  mile,  while  the  touch  cobbles 
which  are  being  cm  shed  are  gathered  on  the  ocean  beach  and 
hauled  In  It^-cu.  yd.  dump  wagons  to  the  crusher,  a  distance  of 
about  1,500  ft.,  two  teams  with  two  wsKons  and  drivers  being  used 
(or  this  puriHse. 

Eight  laborers  are  used  to  load  the  cobbles  Into  the  wagons; 
three  men  and  the  foreman  do  the  work  at  the  crusher  and  bins. 
The  power  to  operate  the  crusher  Is  electricity. 

Five  teams  and  drivers  with  dump  wagons  holding  2  cu.  yds. 
each  haul  the  crushed  stone  to  the  streets. 

On  this  particular  day  all  of  the  crushed  stone  was  hauled 
\  mile  and  the  screMilngs  were  hauled  1(4  miles.  The  wagons 
were  heaped  up  so  that  they  reached  the  street  more  than  full.  A 
good  part  of  this  haul  was  over  very  rough  roads,  so  the  rock  was 
well  settled  In  the  wagon  boxes. 

The  wages  paid  are  as  follows : 

Two-horse  team,  wagon  and  driver,  tt.50  tor  9  bra 

Foreman,  11  per  day. 

Uiborers,  t2  per  day. 

The  following  Is  an  llerolsed  atatemant  of  the  9-hr.  day's  work ; 

One  foreman,  at  14.00  per  day %  4.00 

Eleven  lattorers,  at  |!.60  per  day 22.00 

Two  teams  hauling  cobbles  to  crusher,  at  t4.S0  per  day 9.0D 

Five  teams  hauling  crushed  stone  to  street  at  tI.EO  per  day. .    22. SO 

Electric  power,  87  kw.  hours,  at  3  eta. 2.00 

Boglne   oil    1-00 

Total   H0.60 

The  total  output  for  a  large  day's  mn  was  IS!  cti.  yds,  as  meas- 
ured In  the  wagon  boxes  at  a  cost  ol  ttO.BD.  or  4B.B  cts.  per  cu.  yd. 
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delivered  on  the  street,  eiclualve  of  plant  Intereat  and  depreciation. 
The  plant  coat  (3,000.  It  conalBta  of  a  No.  S  Austin  gyratory 
crusher,   bavlng  two    fAx  it-la.   openlngi^   driven   by   an   electric 

Where  the  rock  was  crushed  bo  that  att  of  It  would  pass  (hroush 
a  Z-ln.  ring  the  sverage  output  was  DO  cu.  yds.  per  B-hr.  day,  or 
67  ctn,  per  cu.  yd.  for  labor,  hauling  and  power. 

The  coat  of  Intereat  and  maintenance  of  plant  Is  not  Included. 

Cost  or  Quarrying  and  Crushing  Trap,  and  Ballasting,  D.,  L.  A 
W.  Ry.* — Mr.  Lincoln  Bush  la  author  of  the  following: 

Elarly  In  ISOG  the  D.  L,.  A  W.  Ry.  Co.  acquired  by  purchase  near 
Boonton,  N.  J.,  a  granite  quarry  and  crusher  plant,  together  with 
olher  equipment  In  the  way  of  cara.  machinery,  etc.,  that  were 
utilized  by  a  contractor  in  connection  with  the  construction  of  a 
large  masonry  dam  for  a  reservoir.  This  woric  having  been  com- 
pleted by  the  contractor,  the  l^ckawanna.  Railroad  Company  ac- 
quired about  3  miles  of  railroad  running  from  its  main  line  to  the 
quarry  plant,  together  with' about  B6  acres  of  ground,  tracks  at 
crusher  plant,  etc.  In  adapting  this  plant  to  our  use  and  re- 
arranging the  tracks  and  crusher  layout  to  meet  our  requirements; 
we  expended  at  the  outstart  121.901.33,  and  sold  from  the  con- 
tractor's outfit  certain  equipment  not  required  by  us,  which  sale 
netted  us  (18.159.31,  making  the  net  coat  to  us  of  the  quarry  and 
plant  at  the  time  we  started  operating  the  crusher  (26,246.02. 

The  material  obtained  from  this  crusher  plant  Is  a  very  good 
quality  of  New  Jersey  granite,  weighing  2,T9E  lbs.  per  cu.  yd.  ol 
crushed  stone. 

The  quarry  was  well  opened  up  when  we  acquired  It  from  the 
contractor.  Bod  the  face  of  the  quarry  has  a  depth  of  from  20  to 
SO  ft.  and  a  length  of  about  2,200  ft.  The  stripping  on  top  of  the 
quarry  will  average  about  2^  ft. 

The  crusher  machinery  was  manufactured  by  the  Allls-Chaliners 
Co..  and  consists  of  one  No.  B  and  one  No.  S  crusher,  with  a  large 
bucket  conveyor  for  oonveylng  the  broken  stone  from  the  crusher  to 
the  screens.  There  Is  one  large  IS-ln.  diameter  screen,  consisting 
of  three  section^  each  4  ft  In  length,  with  ringings  from  H  In.  to 
2H  Ina  In  diameter  and  a  dust  Jacket  for  separating  the  ma- 
terlala  Materials  which  pass  through  the  H-ln.  ringing  are  not 
used  for  track  ballasL  The  ballast  product  Is  conveyed  on  a 
Robins  belt  conveyor  and  deposited  Into  a  system  of  bins;  the 
liner  material  and  dust  pass  directly  over  the  dust  Jacket  Into  the 
dust  bin. 

The  percentage  of  line  materials,  1.  e.,  dust  and  <4-ln.  stufl,  runs 
from  12%  to  14%  of  the  total  output 

The  grades  of  tracks  at  the  crusher  plant  are  bo  arranged  as  to 
handle  the  cars  after  being  placed  by  gravity. 

There  Is  a  powder  magailne  located  on  the  property  which  has 
a  storage  capacity   for  about   10   tons  of  powder   and  eiploalve*. 

'Enffinetring-CotilracUtig,  March  24,   190S. 
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There  Is  also  a  water  ornem  for  tbe  boilers  and  a  flpriafcUnK  plant 
10  keep  doVD  the  duat. 

The  auuclmum  gra^le  of  the  track  coDoectlng  our  main  line  with 
tbe  quarrr  Is  Z%  ascondlnK  to  the  quarry,  and  In  handUnx  our  bal- 
last we  have  been  ntlllElnB  a  locomotive  which  will  handle  14  empty 
Rodser  ballaat  cars  up  this  3%  groAi^ 

The  larser  part  o(  the  atone  la  handled  (rom  the  quarry  to  the 
crudier  plant  by  ineaiiB  of  a.  derrick  ■yetem,  the  face  of  tbe 
quarry  being  located  quite  close  to  tbe  crusher  plant  We  have 
In  use  S  large  deirlcka  with  90-ft,  masts,  which,  with  E  hoisting 
engines  operated  In  connection  with  the  derrick  system,  handle  the 
stone  In  large  stone  boxea  The  stone  Is  qUarrled  from  the  top  at 
the  face  by  a  stepping  system. 

To  paaa  into  the  No.  S  crusher  the  stone  has  to  be  broken  up  In 
■lies  (rom  16-In.  to  SO-ln.  The  breaking  ot  the  material  Is  done 
with  a  system  of  block  hole  drills,  placing  holes  troni  4  ln&  to 
IZ  Ins.  apart,  depending  upon  the  else  of  the  atone  to  be  broken. 
We  use  from  J  to  •  block  hole  drills  per  day  In  breaking  up  the 
larger  stone  and  some  of  the  smaller  stones  are  sledged  Instead  ot 
being  block  holed. 

In  addition  to  the  derrick  system  at  this  plant  we  also  have  a 
(ar  system,  by  means  of  which  cars  are  loaded  with  stone  from 
the  quarry  are  dropped  by  gravity  to  the  crusher.  These  cars 
have  from  12  to  16  cu.  yds  capacity,  and  when  the  cars  reach 
the  crusher  plants  ore  dumped  by  one  of  the  derrlcka.  The  bot- 
tom of  these  cars  Is  constructed  of  wood  and  metal,  with  a  ctialn 
sttached,  and  the  false  bottom  of  the  car  Is  picked  up  on  one  end 
br  the  dmick,  and  the  stone  dumped  by  this  means  without  manual 
bandilng.  After  the  cars  have  Iwen  dumped  at  the  crusher  they 
are  returned  to  the  quarry  by  a  haulage  system,  operated  hy  a 
bolsUng  engluei  The  stripping  from  the  top  of  the  quarry  Is  dis- 
posed of  by  piling  It  t>ack  from  ttie  face  of  the  quarrV' 

In  operating  the  quarry  and  crusher  we  have  employed  an  aver- 
age of  12G  men.  Including  rock  men,  drill  men,  engineers,  me- 
cbanlcal  men  and  laborers  required  at  the  quarry  and  crusher.  We 
«nploy  two  ItlackHmlths  tor  handling  the  drill  work  and  a  pjpetltter 
for  taking  care  of  the  steam-pipe  system  and  steam  drllla  One 
mechanical  foreman  with  the  necessary  help  has  charge  of  the 
crushing  plant  and  one  general  foreman  has  charge  of  the  quarry. 
One  engineer  handles  the  engine  In  the  crusher  plant  and  one  Qre- 
"wn  does  the  firing. 

We  utilise  a  lEO-tip.  boiler  for  generating  steam  for  the  drills. 
"nd  In  addition  to  this  wo  have  two  ISO-hp.  ttollers  for  furnishing 
the  balance  of  power  for  the  derricks  and  at  the  crusliera 

We  started  operating  the  quarry  and  crusher  plant  In  May,  190E. 
The  plant  was  shut  down  on  January  IE,  ISOS,  and  operations  re- 
*»°ied  In  Harch,  IBOE.  The  detailed  statements  of  the  cost  of 
li's'TyIng  and  crushlDg  stone  at  this  plant  have  been  carefully  kept 
sod  are  reliable  as  to  the  cost  as  well  as  to  output.  The  cost 
Includes  the  quarrying  and  crushing,  and  Includes  the  material 
l°iu]ed  on  cars  at  the  bins. 
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e  as  follows; 


May.    leos 6.(37 

June,    laOG     T,04S 

July,    IBOB    8,287 

August    1)05 8,722 

September,    DOS.  7,017 

October,     1906...  B.S21 

November,    190E.  8,219 

December.     I90G.  5,882 

January.    1908...  3.ZS3 
April.    liOe 


1908    . 


7,516 


,591 


10,622 

July,    1BD6    10,804 

August,    1308....    10,163 

Average    

The  averHge  cost  for  t! 
was  aa  tollows: 

Quarrying ; 

Supplies    


11° 


r  months  of  Hay  to  August,   1908, 


Total    quarrying    *5.0 


Tola!   crushing    8.0 

Qnuid  total    61.0 

These  roats  do  not  Include  Interest  and  depreciation  of  plant,  but 
do  Include  b.11  other  Items,  even  to  current  repairB. 

We  have  used  the  crushed  stone  from  this  plant  at  vaj-lous 
points  along  our  line  on  the  Morris  and  Essex  Divisions,  and  during 
the  present  season  we  put  on  a  ballast  gang  for  ballasting  a  m- 
mile  section  of  double  track  located  between  Hopatcong  and 
Wharton.   N.  J. 

In  handling  the  ballast  on  this  1  ^-mlle  section  we  had  an  aver- 
age of  31  laborers  at  14  cts.  per  hour  per  hay  of  10  hra.  and  one 
foreman  at  |T5  per  month.  In  addition  to  the  regular  ballast  gong 
we  had  S  section  laborsrs  on  the  4K-mlle  section  that  were  em- 
ployed In  digging  out,  changing  ties,  placing  drain  tile  and  niltnv 
for  changes  In  alignment  and  easement  curves. 

The  amount  of  ballast  used  on  the  4M-mlle  section  of  double 
track  was  Z8.4S8  cu.  yds.,  or  an  average  of  6,324  cu.  yda  per  mile 
of  double  track.  The  averase  distance  which  the  ballast  was 
hauled  from  the  crusher  to  the  section  ballasted  was  13  miles. 
On  the  4H-mlle  section  ot  track  ballaMed  there  was  a  total  length 
of  curve  Une  of  1.E6     mile*     and     a     total     length     of     tangent 


ROCK  EXCAVATION,  QUARRYING.  ETC.         221 

<tf  S.94  mllea.  Wo  u>«d  In  this  work  24  Rodger  ballast 
CSLTI,  and  In  SgurliiK  the  coal  of  tranaportatlQii  the  cars  were  placed 
■t  a  value  of  tfiOO  each.  Our  records  show  a  cost  of  G^  ctl.  per 
cu.  y&.,  ooveiiaB  tranqwrCatlon  charges,  Interest  Oa  the  Rodger 
ballaxt  aLTB  valued  at  }600  each  at  5%,  plus  Interest  at  5%  on  the 
\iet  Inveatment  of  Che  quarry  and  crusher  plant.  The  cost  lor 
4UBrryliiK>  crushing  and  loadlnK  cars  at  the  crushing  plant  was 
ii  clB.  per  cu.  yd. ;  the  cost  of  placing  ballast  under  track.  Includ- 
ing lining,  surfacing  and  dressing,  was  ZOM  cts-  per  cu.  yd., 
making  a  total  cost  per  cubic  yard  of  the  ballsst  In  the  track  of 
SI  eta  for  the  4<Fi-inIle  secUan  above  described. 

On  the  west  end  of  our  Buffalo  Division  we  have  an  accurate  rec- 
ord of  the  coat  of  27,120  cu.  yds.  ol  crushed  limestone  ballast  put 
In  on  a  stretch  of  double  track  during  the  season  of  ISOE.  For  this 
work  we  purchased  the  crushed  stone  delivered  to  us  In  our  own 
Rodger  ballast  cars  at  an  average  cost  of  fOSOlT  per  cu.  yd.,  and 
received  an  average  of  222  cu.  yda  per  day,  the  quarry  being  lo- 
cated on  our  own  Ilnaa  Thirty  Rodger  ballast  cars  were  used 
lor  this  work  and  the  average  haul  was  13.4  mllea  The  ringing 
used  In  prei>ar1ng  thla  ballast  was  from  K  hi.  to  2tt  Ins.  diameter 
and  the  stone  weighed  2.410  tba  to  the  yard.  As  above  stated,  we 
received  on  on  average  223  cu.  yds,  per  day,  and  a  larger  quantity 
per  day  would  have  reduced  the  coat  per  yard  somewhat.  In  com- 
paring this  cost  with  the  coat  of  batlastlnK  With  materials  obtained 
(ram  the  Boonton  crusher  plant.  It  will  be  noted  that  the  ballast 
on  car*  from  the  Boonton  plant  cost  practically  G  eta.  per  cu.  yd. 
less  than  the  material  used  on  the  BuRalo  Division.  The  work 
on  the  Buffalo  Division  cost  a  total  of  88.1  cla  per  cu.  yd..  In  track, 
ithleli  cost  Incluued  ~ie  material,  engine  service,  labor,  tie  renewals 
aud  qwclng,  and  Interest  an  ballast  car  equipment. 

Cast  of  Quarrying,  Crushing  and  Billasting,  and  LIfs  of  Ballast.* 
—-Prom  tests  of  trap  and  other  rocka.  It  Is  eeen  that  a  material 
•svlng  can  be  effected  by  the  use  of  trap  for  ballast  purposea 
l^u  stone  will  be  required  to  maintain  the  track,  and  it  can  be 
osed  In  smaller  sises.  as  Its  higher  percentage  of  hardness  and 
■oughoess  will  Insure  less  breaking  under  traffic  and  tamping. 
figures  taken  troni  comparison  of  line  and  surface  In  trap  with 
thst  In  atone  whose  quality  Is  about  the  same  as  limestone,  show 
that  line  and  surface  co«  approximately  120  less  per  mile  In  trap 
ihan  In  limestone. 

Coil  of  Plant. — From  published  flgures.  the  cost  of  building  a 
plant  of  1,000  tons  dally  capacity,  and  Its  cost  of  operaUon  to 
quarry,  Is  as  follows: 

Capacity.    1,000    tons   dally 300.000  tons  annually 

•00  ou.  yda  trap  per  10-hr.  day 210.000  cu.  yds.  annually 

Cru«hen,   4,    SStt-ton    Farrel,    at    tl.2G0 1   5,000 

gnglnes.    4,    eo-hp.,    14x12.    at    (500 2,000 

"lUndHtlonB     100 

Selling,  13-ln.,  200  ft,  at  |2.76 550 

1909.   abstract  of  a   report  to 
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BolISTA    i,    200-hp.    and   lettliiK 7,E90 

Steam  flttlnKS   J.ooo 

Boiler   house    tfifto 

Engine  house   l,Se» 

Stack    i.OOft 

Scales,   60-fL,   lacludlns  toundaliona  BJid  Umber 1,115 

Blus    «>"> 

ElevBtorH  with  nlattonna,  4,  at  tl.SOD   (tor  talllnes) t,OOI> 

Pump  for  water  Hupply,   b.bW   gsls.   per  bour 200 

Tank,    60,000   gals.  ■ I,!00 

Steam  drills,  with  tripods  connecllng  hose,  20.  nt  »i1S 4,900 

Screens,  rotary,  G4-in..   4,   at  %9b0 S,SOO 

Small  tooli.  torBBB,  bars,  we<lKes,  hammers,  etc 1,200 

Derrick,    small    atlB    leg 160 

Total     144,426 

CoaUnKencle*.    8%     3,S6a 

147.978 

Land.  EiO  acres,  at  }1E0  per  acre 7.G00 

Cable  railway  and  dump  cars  for  haul  to  crusher,  this  being 

a  varying  Item  as  quarry  Is  worked (.000 

Total  cost  of  quarry   |SO,47S 

Cost  or  Opkbation  or  Quarry  Plant. 
Capacity,   270,000  Cu.  Yus.  Per  Annum. 

18  drillers,  at    IS  J>«r  day.    aOO  duya t  16,£0t> 

18  helpers,    at    I1.7E    per  day,    300    days 9.1BO 

S  blacksmiths,  at  ft  per  day,  300  days 1,700 

SO  bar  stedgers.  at  (1.75  per  day,   300  days 2t.2B0 

60  car  loaders,  at  tI.7G  per  day,  300  days Sl.tOO 

g  crusher  men,  at  f  1,7E  per  day  .300  days 4,£00 

1  quarry  boss,  at  tt  per  day,  300  days 1,500 

1  flreman,  at  (2.60  per  day.  3D0  days TGO 

1  engineer,  at  %i  per  day.  300  days SOO 

4   bin    men.  at    (1.7S   per   day,    300   days i.lOI> 

1  scale  man.  at  I!  per  day,   300  days tOO 

1   carpenter,  at   13   per  day,    300   dnya 900 

to  laborers,   at  tl.7E   per  day,   300  days 6.2S0 

1  clerk,   at   |760  per   year 760 

Fuel,   2,700   tons  of  coal,   at  12.70 7,190 

Oil.     waste,     etc Ken 

Dynamite.   .7   lb.   per  cu.  yd..   270.000  cu.  yda— IB9.000  lbs.. 

at   16   cts. 

Drill  reoalri — 


28,3E0 


1  helper,    at    |2.B0 '750 

SuppneH  at  (1.2S  ppr  month  per  drill 270 

Blacksmiths    Included    above 

Total     t  HI, 4 10 

4%  on  first  cost  ot  plan! 12.418 

10%    depreciation   on   machinery,   except  cruahcrs..    2,1«0 
1fi^%   depreciation  on  crushers 833 

S.411 

1146.821 
Contingencies,    8%    11,7K0 

flS8.eil 

Tills  RhowB  B  cost  per  yard  or  E9  cts. 

With  this  figure,  the  eatlmatcd  saving  shown  from  the  use  of 
trap  rock  (Gabbro)  over  llmeatone  now  used,  from  Martlnsburg 
quarry,  on  ttie  Baltimore  ft  Ohio  Railroad.  In  a  l«-mlte  section, 
double  track,  or  32  miles  ot  singlo  track,  based  on  changing  Che 
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entire  ballast  In  a  flve-rear  period,  and  usinx  Z,2Da  cu.  jin.  o(  trap 
rock  per  mile,  tl-ln.  under  the  tie,  would  be  ai  follows: 


QuarryinK    (0.(0 

PlacLig    in    track la 

Averase  haul,  18  mllei^  ut  .001 li-i 

Total  eatimated  cost  per  cu.  yd (0.77 

Umeatone — - 

Quarrying     10.66 

Screenings,    S3  %    18 

Placing    In    track 16 

Average  haul,   »B  mllea,  at  .001 10 

Total  actual  cost  per  cu.  yd. fO.SB 

Umeatone,   14,080  cu.  yds.,  at  98  eta. ll3,T>g.40 

Uabbro,    14,080    cu.    yds.,    at   TT    CtH. 10,841.60 

Saving  per  year  during  ballasting,   due  to  us^   ol 

trap  rock    I  2,968.80 

Aa  to  saving  In  maintenance  300  cu.  yd*,  at  trap  rook  per  mile 
per  year  will  maintain  track  as  efflclently  as  400  cu.  yds.  of  llme- 

31  mtles  Hinele  track  X  400  cu,  yda  limestone  X  98  cto. t]S,G44 

tt  mllea  single  track  X  300  cu.  yds.  trap  rock  X  17  eta. 7,392 

Savins  Der  year  due  to  uee  of  trao  rock  after  track  Is 

(uHy    ballasted    t  6,162 

Savins  In  line  and  surface,   32  mllei.  at  |20 840 

Total  savlnx  ner  year  after  track  Is  fully  ballasted 8  B,TS2 

The  aovlne  In  maintenance  labor  during  ballasting  would  be : 

Ist    year    

2d  year,      S.4   miles  X    820 8128 

Id  year,   12.8  miles  X      20 25S 

4th  year,  19.2  miles  X      20 384 

6tli  year,  Z6.S  miles  x     20 612 

Total    Ave    years    labor     saving     during     ballasting 

(maintenance)    %  1,280.00 

Five  years  aavlne  In  first  cost,  due  to  use  of  trap  rock..    14,781.00 

Total  Ave  years  saving  during  ballasting |1S,084.00 

Average  saving  per  year  during  ballasting 3,212.80 

Saving   per   year  after  fifth,  year E, 793.00 

These  figures  give  an  Idea  of  the  savings  which  may  be  effected 
by  going  Into  such  questions  thoroughly,  and  getting  accurate  data. 
Such  comparisons  may  be  worked  up  (or  stone,  gravel  and  cinder, 
and  estimate  made  which  will  show  a  railroad  management  how  far 
they  are  Juatlfled  In  going  Into  auch  economies. 

[There  la  clearly  an  error  In  the  aHsumptlon  that  It  will  take 
anything  like  300  or  400  cu.  yda  of  stone  yearly  to  maintain  a 
mile  of  ballasted  track.  See  the  section  on  Railways  for  cost  of 
maintenance  of  way.] 

Cost  of  Crushing  with  City  Plant,  Boiton.— In  Knginaering-Con- 
traeting,  Aug.  11,  1909.  Is  a  long  abstract  from  the  MetcaK  k.  Eddy 
rAport  to  the  Boston  Finance  Commlaalan,  ot  which  the  following 
la  only  a  meager  abstract; 

The   crusher   plant    occupies   an   area   of    670,000    sq.    ft.,    pur- 
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chaaed  In  18SZ  for  130, ODD  and  bavinc  an  tLtaeaaoA  value  In  1907 
Ot  ITS, 800.  The  tract  Ib  used  In  pB.rt  for  other  than  quarrylns 
and  crushing  purposes.  The  plant  consists  mainly  of  a,  30  1 13-ln. 
Farrel  crusher,  e.  T2]fIE-ln.  Atlas  engine,  a.  6S-ia.  x  IT-fL  tubula.r 
boiler,  the  usual  elevators,  bins,  extra  parts  and  tools,  and  of  three 
large  and  one  baby  steam  drills.  The  estimated  cost  of  the  plant 
Was  IK.ass;  interest  was  calculated  at  4%  ajid  depreciation  at 
e,TE%  annually,  nhlch  gives  an  amount  of  fl.TSl,  which  In  the 
costa  tollawtng  was  applied  on  a  monthly  busia  The  charge  for 
Steam  drills  Is  based  on  a  rental  of  dO  eta  per  worlclng  day. 

Faroe  Emplotied. — The  force  employed,  with  wages,  was  In  gen- 
eral aa  follows: 

Labor  at  Ledge :  Per  day. 

I  sub-toreman,    at    (3.50 t     3.50 

1  blacksmith,    at    |3 3.00 

1  blacksmith's   helper,   at   (2-25 2-2G 

1  steam  drlUera,  at  (2.2S S.TB 

t  steam  drillers'  helpers,  at  (2.25 e.TS 

10  stone  breakers,  at  12.25 22.  EO 

5  hand  drillers,  at   tl.Se 11.2E 

1  powderman,    at    (2.26 2.2fi 

B  loadera,    at    12.25 20.26 

Total     t  VS.6» 

Labor  at  Crusher: 

1  engineer,   at    13,60 t  I.SO 

1  fireman,   at   $3.25 3.26 

1  weigher,    at    fl.EO 2.S0 

I  oiler,    at    12.25 2.2S 

3  feeders,    at    (2.25 fl.T6 

1  pitman,   at   12.25 2.2G 

Total     I  21.60 

Teaming: 
fi  single    teams,    at   12-51) t  21.00 

Total     1121.00 

The  force  consisted  largely  of  men  who  were  In  some  degren 
Skilled  In  rock  work.  The  majority  of  the  men  were  young  and  all 
were  vigorous  and  skilled  to  such  an  extent  that  the  force  as  a. 
whole  was  skillful  and  eOlclenL  There  was  a  marked  lack  of 
Interest  on  the  part  of  some  ot  the  employes,  which  undoubtedly 
bad  Its  effect  In  reducing  the  amount  a(  work  done  considerably 
below  the  amount  which  would  be  done  under  contract  conditions ; 
on  the  other  hand  it  should  be  stated  that  some  of  the  men  took 
a  lively  Interest  In  the  work  and  did  their  full  duty. 

In  this  connection  It  should  be  noted  that  (he  capacity  of  the  bins 
being  only  about  100  tons,  they  were  sufficient  only  for  about  2% 
days  output  of  the  crusher  as  It  was  operated.  The  normal  capac- 
ity of  the  crusher  Is  claimed  by  the  manufacturers  to  be  about 
SBO  Cons  per  day,  while  the  majilmum  output  tor  any  one  day 
during  this  test  was   226   tons. 

During  three  weeks  In  July,  three  drills  were  operated,   but  this 
was    found    to    be    Inadvisable    becnuec-    the   force   of    laborers  was 
-  "iiRble  to  handle  the  rock  as  fast  as  It  was  blown  out 
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The  duration  □ 
Inclusive.     The 

Work   Done: 
StrlppiDK  removed   (a  large  p&rt  ol  the   atrlpplus  had 
■teen    done   prior   to   the  begtmUDg   of   this   teat  aod 

la   not   Included   herein; 384 

Holes   drilled    (2K-ln.    diameter}    by   ataem   drill I.IGO.I 

Uobrolcen  stone  on  hand  at  beKlimlng  of  teat none 

Unbroken    atone    on    band   at    exnlratlon    of    teat    (eatl- 

mated)     ZOO 

Braken  atone  ready  tor  crusher  at  eiptratlon  oC  teat.,      none 

Broken  stone  on  hand  at  expiration  of  teat none 

Total   output  of  cruahed  atone  during   (eat: 

Dust    1.970  tons  (!Z%) 

Slone     6.B83  lon«  (78%) 

Total      8,»B3 

Total  I 

Labor:  cost.        pc 

SupervlBlon   (foreman)  : 

Quarrying  and  breaking,   S0% t    !E3.EB         ] 

Cruahihg.    10%     2B.1T 

Buildings     IS.3t 

Installing    drilling    plant TT.tl 

Removing  and  atoring  drilling  plant IS.OO 

Operating    drlUa     4(3.96 

Furnishing  steam  for  operating  steam  drills 114.lt 

Cleaning  rock  for  drlUa  and  moving  same 1DD.S8 

BlacltBnith  on  ledge  tools  and  pipe  fittings 382.^7 

Blasting   and   care   of   explosives 182. £R 


Hand   drUlIng    (block  boles) 

L>aadlng  stone    1 

Bemovbig    and    loading    stripping 

Weighing  atone   

'Weighing  stripping    

Feeding  crusher 

Crusher   operation    (engineer,   flrenlan,   Oiler   and 


pitman; 
Absent 


Crualier   repairi 


HoUdars     706.76 

TeatnlKp.- 

Bulldings     t.EO 

Drilling  plant   S.OO 

Hauling  stone  to  crusher BZ9.3S 

Hauling  stripping    111.4T 

Hauling  product  to  pile 2S1.1G 

Total  labor  and  teeJnlng t7,90T.GE 

Xateriai,  Rental,  Jntereat  and  Depreciaiitm:  Cat 

Ledge    Rock:  Cost     on 

Blacksmith's  coal.    1.3Z   tons t         E.E4 

Battery  r^ialra 
Dynamite,    75%, 
Dynamite,    76%,    _ 
LHmamlle^   «0%,   1 
Bkick   powder     '    " 
Connsclbig  wl 
Electric  fuaes 

10  ft.  longi      

12  n.  long,  *6T     11.87 

14    It.    long.      64; 1.71 


■ifc 

3Efi    Ibt'. '.'.'.'.'.'.'.'. '.'.'. 
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Material,  Rental,  iHterett  and  Depreciation  (Cont'd):    Coat  per  ton 

Ledge  ttock:  Coat.      onoutiJut. 

Cotton   fii»e,   S,6aa   ti.    lO.lB  

Percusalon    caps,    T 
Stone  dURt  for  tar 

Cylinder   oil,    20   t, 

l&cbine   oil,   40   gals. 

Waste,    22    IbB.     

SleamlnK   coal,    SO    tons    

Rental  o^  small  tools  (at  lO.OS  per  man  per  day) 

l.SlS    man    days    (excluding    blackamlth    and 

helper)    at    |0.06 

Rental   and   repairs   of   steam   drills    (Including 

piping,  hose,  etc.],   1E3  drill  days.  At  tD.SO.... 

Crusher : 

Steaming  coal,  30  Jons 

Cylinder  oil,    14  'A    Kals.    

J&chlne    otl,    126    gals. 

Waste.    61    Iba 

Sal    soda.    iS    Iba 

Rosin.    1    lb 

Belt    lacing.    300    IL 

Sheet  sieefdlH  Ina  by  1(4  Ina).  14  ft 

Crusher   plates   (two  new.   over   half  wom>,  at 

1211.80,    less    S0% 

Rubber  belting  Installed  <new>,  tS»,12,  less  90% 
Rental    on    small    tools    Cat    SO.Oa    i>er    man    per 

day).   260  man  days    (exclusive  engineer,  lire- 

man,   olier  and   weigher),   at  (0.05 

Interest  and   depreciation  on   plant,   three  moa. 

at    tl49.25     

Adjusting    scales    


ToUl    cost   of    test |»,52$.60 

•Eloea  not  Include  estimated  cost  of  stripping  done  prior  to  bs- 
gltinlnK  of  test.  amountinE  to  1223.83,  and  does  not  Include  cost  of 
quarrying  200  tons  ot  stone  remaining  unbroken  at  end  of  tesL 
amounting  to  tGO. 

The  report  states  that  large  stone  contractors  In  the  vicinity  of 
Boston  sell  stone  f.   o.  b.  cars  at  about  one-half  tlie  above  given 

cost  with  city  (orcea      Yet  this  test -■ '-' -   -       -  ■■ 

standing  that  It  was  to  be  a  crucial 

Data  on  Jaw  Crushers.— The  else  of  jaw  crushers  Is  commonly 
denoted  by  the  size  of  opening  through  which  the  stone  passes  to  the 
Jaws.  A  9xIB-<n.  crusher  Is  one  having  an  opening  9  Ina  wide 
by  III  Ins.  long;  which  Is  the  common  al»  for  portable  plants.  To 
move  such  a  crusher  a  few  miles  from  one  location  to  anotfier. 
set  up  the  bins,  etc..  preparatory  to  crushing,  costs  about  t'G, 
according  to  the  author's  experience.  The  main  part  at  this  cost 
consists  In  tearing  down  and  rebuilding  the  bins,  mounting  the 
rotary  screen  and  adjusting  the  bucket  elevator.  There  are  several 
make*  ot  portable  bins  on  wheels  now  In  the  market,  and  with 
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tlieas  the  coat  of  movliiK  should  be  much  reduced.  A  large  bin 
capacity,  bowever.  Ib  desirable  to  "^de  over"  anr  Irrepjlarltles  In 
the  baulInK  and  In  the  operation  ot  the  crusher  ItMlf.  Bins  ahould 
al«ar>  be  used  to  save  the  cost  ot  shoveling  the  broken  stone  Into 

Data  «n  Gyratory  Cruaher. — The  gyratory  crusher  Is  now  largely 
e  following  are  the  sliea  ot  the 


2™-lr).Bl 


(t.        E  ina. 

B.SOO 

tu      10  Ina 

8,000 

(t.        8    ns. 

X  2!  Ins. 

14,000 

1 

It.        8    ns. 

21.000 

1 

tt.      10    ns.      1 

X  30  Ens. 

30.000 

a 

ft.        7    na      1 

42,000 

a 

83,000 

iC       ""■  1 

X«S  InB. 

94.000 

12 

tDut  Is  Klveti  in 

tons  of  i. 

00  IbK 

wr 

r  hour  ot  rock  crushed 
to  pass  a  2  K-ln  ring. 

In  the  section  on  Concrete  will  be  found  the  cost  of  crushlnB  with 
a.  No.  T  Gates  crusher  for  a  retaining  wall  on  the  Chicago  Canal. 
The  flrst  cost  of  the  cruaher  was  (12.000.  Ita  output  averaged  210 
cu.  yds.  per  10  hr.  day.  The  cruaher  was  tapable  of  a  much  greater 
output  for  we  have  already  recorded  a  200  cu.  yd.  daily  output  With 
a  Na  &  Qatea  (aee  page  ^).  which  la  Itself  not  a  big  record. 

In  large  cruahing  plants  the  general  practice  la  to  have  one  large 
gyratory  crusher  that  receives  the  b<K  chunks  of  rock,  and  a  smaller 
eyratory,  or  a.  Jaw.  cruBher  that  re-crushea  alt  that  does  not  pass 
Hirough.  a,  Zyi  or  S  In.  screen. 

The  following  data  of  output  were  published  In  Sngineering- 
ConlraeHna,  July  21.  1S09,  and  relate  to  limestone. 

The  l«.ke  Shore  Stone  Co..  Belgium,  Wla,  have  a  plant  consist- 
ing of  a  No.  B  Oaten  crusher  and  a  No.  B  Austin,  and  their  average 
output  of  all  Bliea  of  atone  up  to  2^  1ns.  Is  000  cu.  yda  per  10  hrs., 
with  a  maximum  output  of  T&O  cu.  yds.  The  atone  Is  ted  to  the 
crusher  from  a,  hopper  by  one  man.  Stone  Is  delivered  to  the  hop- 
per by  car&  44  men  lielng  engaged  In  loading  these  cara  The  atone 
Is  K  very  hard  dolomltic  limestone 

The  Ellk  Cement  A  Lime  Co.,  Petoskey,  Mich,  have  a  plant  of  one 
No.  6  Austin  and  a  No.  3  Gates.  They  breolt  460  tons  per  10  hr- 
day,  the  maximum  output  being  500  cu.  yds.  Two  men  feed  the 
crusher.      No  crushed  stone  Is  larger  than  2  U  Ins.,  hard  limestone. 

Robnea  and  Kunneke^  Columbus,  O.,  run  a  No.  3  Austin.  The 
output  Is  BO  to  120  cu.  yda  per  10  hr.  day,  no  stone  being  over  Z 
Ins.  In   sls&      Two  men  feed  the  crusher.      The  rock  la  hard   llme- 

A  Na  S  Oates  gyratory  crusher  having  a  hopper  11  ft.  In  diame- 
ter, operating  at  a  speed  of  140  gyrations  per  minute,  and  having  a 
total  weight  of  45  tons,  was  Installed  In  ISO*  at  the  quarries  ot  the 
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FittBburK  UmeiiUna  Co.,  NewcoBtle,  Fa.  Hr.  Geo.  W.  Johnson, 
prealdent  of  the  conqHuiy,  atalea  tbat  In  14  mo.  the  oatput  was 
GGl.OOO  long  tons  of  llmcKone  cruehed  for  blaat  furnaceo.  The  beat 
month's  vork  was  47,172  tone  In  AuguK,  lS9e.  the  averaEe  of  the 
14  moe.  beInK  allghtly  less  than  40,000  tons  per  month.  DurlnK  the 
14  mos.  only  14  day*  ware  loat.  The  beat  day's  work  was  2,2E0  long ' 
tons  In  10  hrs  I  have  bean  unable  to  secure  a  statement  as  to  the 
else  of  the  broken  itona,  but  atone  crusfaed  for  a,  blast  furnace  Is 
larger  than  for  macadam,  ballast  or  concrete,  usually  being  about 


Cost  of  Breaking  Stone  by  Hand.— I  hava  found  that  In  breaking 
limestone,  a  good  10  hra  work  for  a  skilled  man  Is  3  cu.  yds.  br<d[en 
to  2-ln.  slsea,  but  2  cu.  yds.  are  all  that  an  Inexnerlenced  man  can 

Altken  states  that  In  England  a  good  hand-breaker  can  produce 
3-  to  4  cu.  yds.  of  ordinary  macadam  per  day  "out  of  such  material 
as  fllnta  the  harder  llmestonee.  Held  stonea  and  river  gravel."  He 
saya  that  2  to  2^  cu.  yds.  of  brittle  whinatone,  or  K  to  1^  cu. 
yds.  of  basalt,  granite  and  the  tougher  kind*  of  whlnstone,  consti- 
tute a  good  day's  work. 

In  BHOintering-ContTactlttg,  Sent.  IE,  190S,  the  results  are  given 
of  a  teat  (In  £ngland)  with  different  kinds  of  hammers  used  to 
break  quartslte.  It  was  found  that  chisel  hammers  produced  28% 
less  Ones  (under  1^  in.  alia)  than  round  bammers,  the  percentage 
of  Anea  with  the  chisel  hammers  being  only  &^%  of  the  total  of 
BOO  tons  broken,  aa  compared  with  TA%  with  round  hammara. 

Diamond  Drilling. — For  determining  the  nature  of  bridge  founda- 
tions, the  character  of  proposed  canal  or  railway  excavations  and 
for  proapecllng  for  mineral  deposits,  the  diamond  drill  Is  an  in- 
valuable  machine.  The  bit  of  a.  diamond  drill  consists  of  a  number 
of  dlamonda  mounted  on  the  end  of  a  hallow  tube.  This  bit  is  rotat- 
ed by  hand,  steam,  air  or  electric  Dower,  while  at  the  same  time 
water  la  pumped  down  the  hollow  drill  rods  and  passes  up  outside  ot 
the  roda,  carrying  away  the  rock  dust  made  by  the  grinding  ot  the 
diamonds  against  the  rock.  The  bit  cuta  an  annular  channel,  leav- 
ing a  core  of  rock  Inside  the  core  barrel.  When  the  drill  has  pene- 
trated the  rock  a  distance  of  E  to  10  ft,  the  drill  rods  are  raised 
and  the  act  of  raising  them  breaks  off  the  rock  core,  which  la 
brought  to  the  surface  In  the  core  barrel  and  kept  for  examination. 

The  dtamonds  are  preferably  black  diamonds,  known  In  the  trade 
as  "carbon^' :  but  where  the  rock  Is  soft,  white  diamonds,  known 
as  "bortz."  may  be  used.  Sometimes  both  kinds  are  used  In  ot>e  bit. 
A  bit  usually  has  S  to  S  carbons  weighing  1  to  1^  carats  each. 
Small  atones  are  not  economical  because  after  a  carbon  haa  bean 
worn  down  so  that  It  weighs  less  than  about  ^  carat  it  cannot  ba 
reset.  In  aelectlnK  carbons  reject  those  showing  a  cokey  structure, 
also  those  having  thin,  sharp  edges.  Carbon*  having  straight  edges 
with  sides  forming  an  obtuaa  angle  of  9S°  to  140'  are  most  dur- 
able. The  cleavage  should  tM  tested  with  a  pair  of  hand  pincers. 
Old  stones  that  have  been  used  are  to  be  preferred  slnc«  a  poor 
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Man«  will  braak  hi  UM,  ADd  no  ten  U 
at  umcB.  The  carbona  selected  for  a  b 
Id  sIk. 

When  diamond  drilllnK  was  brat  Introduced  Into  thia  country  It 
iraa  predlcteil  that  It  would  be  used  excluBlvely  lor  drilling  blaat 
holsK  and  In  fact  diamond  drills  were  uMd  on  the  Sutro  tunnel  for 
a  while,  and  In  ainklnB  one  or  two  ahafta  by  the  "long  hole"  method, 
which  Involved  drilling  holes  aeveral  hundred  feet  deep.  nlllnK  them 
with  nnd,  then  removlnc  the  vnd  for  about  t  ft,  charKlng:  with 
powder,  llriiv,  and  ao  on.  The  development  of  machine  drilla  ualng 
ateel  blta  and  the  nesdr  rise  In  price  of  carbone  have  toKether 
■hown  tbeae  early  predlctlona  to  have  been  fathered  by  hope  rather 
than  by  reaMui. 

Th«  following  c<>at  data  on  diamond  drilling  have  been  abstract- 
ed from  my  book  on  *'Rock  Excavation" : 

The  alsea  of  holea  and  corea  are  aa  tollowa: 

Hole.    dism.    In    Ina 1«  1%  t  S-K      t  */!• 

Core,    dlam.    in    laa fB/JS     11/1*     1  7/lS     8  2'^ 

Price  of  Diamonds. — In  1BT3  the  price  of  carbons  per  carat  was 
tS  to  $1S.  I  am  Indebted  to  the  Standard  Diamond  Drill  Co..  of 
Chlcaco.  and  to  the  Tawger-Lexoif,  Co.,  of  New  York,  tor  the  fol- 
lowing statements  aa  to  the  average  coat  of  carbona  per  carat  from 
ISSS  to  ISOS; 
lg9S.       lS»t.  1897.  1S9S.         18»9.  I90D.  1901.        1902. 

tie  150  ISO  IBS  tSO  t4G  tEO 

I1S.50      128  *3S.tO  I3E.E0  136  8S1.E0  |'18.5D  MT 

It  will  be  noted  that  theee  firms  do  not  agree  very  closely  as  to 
prices  prior  to  th»  year  1900.  The  American  Diamond  Roch  Drill 
Co..  of  New  Tork.  quoted  tGI  per  carat  for  t>eBt  selected  carliona 
and  (1<  per  carat  for  best  selected  borta  In  November.  190Z. 

There  la  no  import  duty  on  carbona  In  the  United  Statea.  Canada 
or  Harico. 

Water  Required. — In  boring  a  2-ln.  hole  where  the  progress  Is 
abOnt  10  n.  per  10-hr.  shift,  from  100  to  IZG  gala  of  wnter  are 
required  to  Waah  out  the  aludge  formed  In  drilling,  provided  the 
water  la  used  but  once.  In  cases  where  the  water  Is  sspenslve  It 
ta  cuatomary  to  collect  the  return  water  In  a  settling  tank  and  use 
It  over  and  over ;  and,  unless  a  large  amount  of  water  escapes 
thnnigli  crsviceat  SO  or  40  gala,  per  shift  will  be  consumed  by  evap- 
oration and   leakage. 

Price  of  Diamond  Drills.— A  hand  power  drill  that  can  be  used 
to  bora  a  1%-ln.  hole  (giving  a  lE-](t-ln.  core)  up  to  a  depth  of  3S0 
ft :  or  a  IK-in.  hole  (giving  a  2-ln.  core)  up  to  a  depth  of  259  ft., 
wUI  cost  an>roximately  (850  f.  o.  b.  New  York  or  Chicago.  This 
Isdudea  100  ft  of  pipe.  0  carata  of  carbons,  all  tools,  etc..  necea- 
sory.  The  machine  alone  weighs  330  Iba,  and  can  lie  divided  Into 
paclmKea  wetgfalng  40  Iba  \  but  the  whole  outflt  packed  for  ahlpment 
weighs  2,800  Iba  If  It  la  desired  to  run  thia  drill  by  horae  power. 
1(0  additional  will  purchase  the  horse  power  cQulpmeat.  A  hand 
power  plant  capable  of  diiiliag  BO  per  cent  deeper  than  the  above 
coaU  about  (1.400. 
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A  flteem  power  plant  that  can  be  used  to  bore  a  IK-ln.  hola  SOO  . 
ft.  deep,  or  a  2%-ln.  hole  (!-ln,  core)  600  It.  deep,  coita  about 
1^,400,  IncludlnB  the  S  hp.  boiler  on  wheel B :  the  drill  itulf  coat- 
ing 11,100,  the  boiler  t^OO;  I  set  of  carbona  (3  cara.te),  |4E0.  nod 
the  balance  for  sundriea.  The  drill  Itself  weighs  SOO  Iba.,  but  the 
full  outfit  packed  lor  iblpplng  weighs  10,000  Iba. 

A  steam  power  plant  that  can  be  used  to  bore  a  IK-ln.  hole  1,600 
feet,  or  a  2K'ln.  hole  1,000  leet  can  be  purchased  lor  14,400:  of 
which  12,400  Is  (or  the  drill,  |500  for  the  IE  hp.  boiler  on  Wheels, 
1000  for  12  carats  of  carbona  and  tbe  balance  for  roda  and  sun- 
dries.   This  outfit  wel^u  SO.OOO  Ibo. 

Coat  of  Diamond  Drilling  In  VlrglnU.— There  Is  a  sreat  deal  to 
be  found  In  print  relative  to  the  coat  of  diamond  drilling,  but  un- 
fortunately the  records  as  pubtished  are  In  such  form  aa  to  be  ef  far 
leas  value  than  they  ahoutd  be.  By  this  I  mean  that  any  record 
of  any  kind  of  drilling  to  be  of  great  value  should  give;  (1)  The 
rate  of  penetrating:  a  given  kind  of  rock  when  the  drill  Is  actually 
cutting:  (2)  the  speed,  power  and  weight  of  the  machine;  (B)  the 
time  lost  In  raising  the  drill  to  change  blia,  remove  cores,  or  the 
like;  {4>  the  time  required  to-shlft  from  one  hole  to  the  next; 
(ii  the  average  time  lost  in  repairs,  breakdowns,  etc.;  (6) 
the  diameter  and  depth  of  hole;  (7)  the  time  consumed  In  drlvlnB 
and  pulling  casing.  No  record  In  print  contains  all  these  factora 
Strangely  enough,  one  of  the  earliest  printed  accounts  contains  more 
of  these  (actors  than  any  aubseQuent  record,  I  refer  to  an  admir- 
able paper  by  O.  J.  Helnrlch,  In  Tram.  Am.  Intt.  Min..  Eng.,  lgT<, 
from  which  I  have  abstracted  the  following; 

The  diamond  drill  crew  consisted  of  three  men,  two  to  run  the 
drill  and  one  to  help  raise  the  drill  rods,  bealde  a  foreman.  The 
BhlCt  was  12  hra  long,  and  the  following  was  lue  cost  of  operating  a 
shift; 

Foreman,   or  boring  master   12.10 

Mechanic,   or  engineer    2.00 

Assistant     l.BO 

Laborer    1.00 

Total  labor  f  7.00 

The  coal  consumed  was  10  Iba  per  hp.  per  hr.  For  holes  up 
to  1,000  fL  deep  an  8-hp.  engine  was  used,  the  drill  rods  weighing 
4. BOO  Iba  ;  but  up  to  a  l,EOO-fL  hole  a  12  hp.  engine  was  used,  with 
rods  weighing  T.OOO  Iba  The  drill  had  a  2-ln.  bIL  on  which  were 
mounted  never  lesa  than  12  carbons,  better  ie.  The  drill  rods  were 
raised  after  every  li|  ft,  of  drllllog.  The  drilling  was  done  In  Che>- 
tertleld  county.  Vs.,  pro^iectlng  for  coal.  In  187S.  The  eatt  of  op«- 
rating  per  shift  is  given  as  followa : 

Labor    t  t.6i 

14   Ion  coal  at   »3 1.00 

on o.BO 

Diamonds   and    repairs    11.00 

Interest  and   depreciation    l.t> 

Total  per  day 120.91 
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Tlw  ttrl««  of  orbona  was  tlO  oer  kt  Itatea  of  wb«u  were 
mlma  much  lower  tbtu,  ani  It  Bhould  b«  noMd  that  tha  allowance 
for  Intareat  and  d^rcclstlOD 'la  too  low  for  a  plant  coatluc  17.200, 
as  It  la  Btatea  ibla  B  bp.  plant  coat. 

DapUi  of  hole  In  a«rth  and  rock 119  UQ  1,142 

Dtvtta  bored  In  rock  3it  S^t  1,118 

So.  of  IZ-hr.  ahlfta  actually  tkorloft iS.gg         44.41         6S.Z9 

Hol  of  12-lir.  abtttm  ralalns  roda le.ST         G}.S4       IIMS 

Ho.  of    IZ-br.  ahUU  InclQeDtala 3.2E         IS.SG         li.2G 

Ko.  of   12-hr.  ahlftB  total 3S.00        IIS.OO        224,00 

Pt.  proei-«sa  par  hr.  while  boring 2.S7  1.B5  1.67" 

Fv   proKTsos  per  hr.,  averaCK O.IOB  0.5TB  O.108 

Cost  of  lalrar.  per  ft.   T0.3G  tO.E9  tl.OI 

Cost  of  fuel    (|3   ton)   per  fL tO.63  t0.14  |0.1T 

Cost  of  all  other  ItenUL  IncL  mateiiala  and 

bla^^kamlthhiK    SI. 39  11.41  12.06 

Interest      tO.ll  10.27  fO.Sg 

Total  coat  per  fL fl.SO  iz.4S  t3.G2 

From  the  daU  Klven  br  Mr.  Helnrlch  I  have  prepared  the  fol- 
lowing formula*  to  bo  uaed  In  computing  the  number  of  bour*  re- 
«uli«d  to  drill  a  bole  of  given  depth. 

Let 
T  =  Total  nninber  of  minutes  required .  to  .bore  the  hole, 
a  =  total  depth  of  hole  In  feet. 
I   =  length  of  rach  coupling  rod  =  10  ft.  tn  this  case. 
t   =  the  number  of  minutes  required  to  bore  1  ft.  of  the  hola     In 
the   formation   given   by   Helnrich   t  =  13   mlna   per   ft.   of 
hole  up  to  a  depth  of  300  ft,   to  which  add  G  mine,  per  ft. 
for  each  100  fL  of  increased  depth. 
r    =  time   in   minutes  required  to  raise  and  lower  the  roda  Includ- 
ing 3  mina  to  uncouple  and  couple  Up 
r=T  mins.   for  hole  up  to   300   ft  plus  H   min,   for  each 
additional  160  fL 
a   =  number  of  lengths  of  coupling  rod. 

The  time  consumed  In  actual  boring  in  feet  la  obviously  Rt.  The 
time  consumed  In  raising  and  lowering  the  drill  rods  Is  the  aum 
of  an  arithmetical  aeries  In  which  a  =  the  number  of  terms  and 
r  =  the  common   dilTerence  i  hence  the   aum   is    ^h   (3r-f  (a — l])r, 

•  (l  +  «)r. 
wbkdt  reduce*  to The  total  time  is  therefore ; 


T  =  *t-i -~.  nearly. 
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For  boles  of  the  followlnc  deptlu  we  have 

Ft  Pt.  Ft. 

M  =       400  SOO  1,100 

t    (mlnuteB)  =         24  44  •4 

r    (minutes)  =7  1/1  8  2/t  10 

7  (minutes)   =  14.300  S3.00B  14S,S00 

T  (hours)       =       240  1,061)  I.IS* 

On  Helnrlch's  work  about  10%  more  tlma  than  the  above  was 
reQulred  to  cover  losses  from  delays  arising  from  various  causes. 
Ttu>  iwlot  that  Is  strlklng'lr  broustit  out  by  Helnrlch's  records  Is 
the  rapid  falllUK  off  Id  the  rate  of  speed  of  drilling  each  foot  of 
bole  wlUi  Increased  depth.  The  cause  Is  obvloua.  however,  for  th» 
longer  the  line  of  drill  rods  the  KfeaCer  the  friction  of  the  rods  upon 
the  sldee  of  the  drill  hole,  and  consequentlr  the  slower  their  revo- 
lution with  an  engine  of  limited  horse  power.  The  Increased  weight 
of  the  rods  with  Increased  depth  also  reduced  the  rate  of  speed  with 
which  they  are  holatad  by  the  engine ;  and  this  la  a  very  Important 
factor  in  adding  U>  the  labor  and  fuel  coat  of  drilling  deep  hole*. 
Helnrlch's  estimates  of  the  tlnia  required  to  drill  holes,  Including  all 
10%   allowances  for  delays,   are  as   follows: 

<0O-ft.   hole    28S  hours 

gOO-fl.   hole    S«0  hours 

1,100-ft.    hole    i,S10  hours 

It  will  be  observed  that  these  times  check  fairly  Well  with  th* 
time*  obtained  by  applying  the  formula  that  I  have  given ;  but  it 
should  be  added  that  the  constants  In  the  formula  need  further  veri- 
fleatlon  by  other  observers.    The  material  penetrated  in  the  SOO-R. 

Hard  BlllclouB  sandstone   110  ft. 

Medium   ■lllcioue  sandstone   202  ft 

ArRl1lB.ceoua   sandstone  and  Slate I3T  ft. 

Limestone IS  (t 

Total    827  ft 

Helnrich's  estltnates  of  time,  and  my  own  formula  based  thereon, 
assume  a  uniform  sandstone  throughout  In  the  three  holea.  Had 
the  rock  been  uniform  throughout,  the  cost  would  have  been: 

4O0.ft.   hole,   at   tl.ZO 8    804 

800-ft.    hole,   at      !.I0 I,«g0 

1,200-tL   hole,   at      4.00 4,800 

Coat  of  Diamond  Drilling  In  Lehigh  Valley.— Ur.  L.  A.  Riley  U 
authority  for  the  following  work  done  In  ISTI ;  Two  machines  be- 
longing to  the  Lehigh  Valley  Coal  C^  were  used.  A  No.  I  drill 
with  18  hp.  boiler  and  1,000  ft  of  2-ln.  rod  cost  tS.OOO,  which 
with  diamonds,  etc.,  came  to  fs,oao ;  tha  weight  being  1,800  Iba. 
Carbons  coat  f9  per  carat,  and  borts  cost  811.  Five  dlamonda 
welkhing  18  carats  were  used  per  bit  drlllluK  a  i-ln.  hole  and 
bringing  uo  a  H4-ln.  core.  There  were  24  holes,  aggregating 
8,802  ft,  the  deepest  being  900  ft  The  average  rate  of  drilling 
these  holes  was  10  ft.  per  day  per  machine,  at  an  average  cost  of 
82.22  per  ft  The  rock  was  a  very  hard  sandstone  and  conglom- 
erate. The  force  on  each  drill  was  one  foreman,  one  engineer  and 
one  fireman.    The  average  cost  per  ft  of  hole  was : 
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lAboT  Il.lB 

Dtamooda SB 

l3un>"BB  and  rspalra 41 

Total    J2.22 

Tbe  cost  of  the  SOO-ft  hole  (the  deepeM)  was  II.3S  per  ft., 
•Uch  indlcales  that  with  a.  powerful  (14  bp.)  enslne  there  !■  no 
■1Kb  great  Increaae  In  con  per  ft  wtth  Increased  depth  as  Helaiicfa 
foond  with  an  B  hn.  enKine.  The  IS-hp.  plant  used  by  Riley  was 
«>pal>le  of  drIlltnK  a.  2,000-ft.  hole.  Note  eepeclallr  that  both 
BUey  ana  Helniich  paid  lesa  than  |10  a  carat  for  carbone  and  that 
BDey  doea  not  say  what  prnportlan  of  carbona  to  iMrta  were  uaed. 
Ceat  of  Diamond  Drilling  on  Croton  Aqueduct.— Ur.  J.  P.  Carson, 
(trea  the  followInK: 
Ponrteen  holes,  total.  2.0B4  ft.,  were  drilled  In  the  year  1891. 

Actual  days  worked   189  days 

Uovlns  drUl   15  days 

Idle   IB  daya 

Holidays  and  Sundays 39  days 

Total    2(1  days 

Dally  procresa  Cost 
Feet                    per  ft 

■41  ft  hard  gneiss 11     to  It  |3.9T 

B14  ft.  decomposed  gnelsi ZS.I     to  ZS  I.IG 

S7I  ft  clay,  Bmvel  and  boulders fl.T  to     9  4.0T 

til  ft  clay  and  gravel SG  

W84  ft  AveraKs 10,2  (2.91 

Cr«r.   1   foreman   at   |12E   mo.;   1  assistant  foreman  at  (TO;   4 

Wage^  8.1  mos.    J3,78B 

Team  moring 80 

«.J  tons  coal  (189  daya)   S«0 

SumUtB.  Diamond   Drill   Co. 4TS 

Feundry    291 

I^imber.  rope,  etc    53 

Interert  on  tB.OOO  plant  at  12%  8.1  mos 4  8S 

Renewing  diamonds    250 

Diamond   bit   lost    300 

Total,  204  daya .Ts.oVt 

Average  per  day   ii9.i9 

Average  per  ft   |  2.91 

Nate  that  the  Item  of  Interest  is  evidently  Intended  to  Include  de- 
preciation, but  If  BO,  It  is  altogether  too  low. 

Cost  of  Hand  Diamond  Drilling  In  Artisna — Mr,  J.  B.  Ltpplncott 
gfres  the  foUowInc  data  on  diamond  drilling  at  the  Olla  River  Dam 
■tte.  Arliona,  Id  1S99.  The  machinery  waa  In  two  distinct  parts.  (I) 
tbe  hand  pile  driver  for  sinking  casing  pipe  to  bed  rock;  <2)  the 
diamond  drllL  The  hammer,  made  by  the  Pierce  Well  Co.,  120 
Ubnty  street.  New  T<n^  la  In  aecUona,  sd  that  Its  weight  can  be 
*atled  np  to  IBD  ponnds;  It  la  raised  by  a  hand  winch,  and  tripped 
by  Dippers;  maxlnnim  drop  llfi  ft  A  tool-steel  head  la  screwed 
bto  the  top  of  tbe  pipe  and  recelvea  the  blow.  The  pipe  Is  3^, 
1^  and  I  in.,  extra  heavy,  screw  pipe,  G  ft  aectlons,  with  extra 
beavy  coopllnga,  which  have  beveled  edgea.  When  the  caalng  has 
isachad  bed  rock,  the  sand  Inside  is  removed  by  usliw  a  chopping 
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bit  and  a  vater  JeL  Tbe  bit  Is  screwed  to  a  % -In.  pipe  throuj:ti 
wblcb  water  Is  pumped  by  a  band  pump,  the  water  pasalng  out 
through  holes  in  the  bit.  tbus  brlnglnK  the  sand  to  the  top  of  the 
caslDK-  IQ  this  manner  a  caalns  pipe  ISO  fL  de«p  can  be  cleaned  of 
■and  (uid  graveL  If  a  boulder  Is  struck,  after  tbe  diamond  drill  baa 
penetrated  ft,  four  or  Ave  sticks  of  dynamite  are  lowered  and  dls- 
cbarKed.   shatterlnc  the  boulder  id  that  the  cudng  can  be  driven 

The  diamond  drill  was  made  by  the  American  Diamond  Hoclc  DrIU 
Co.,  New  York  City.  One  Inch  core  bits  Were  usually  employed. 
The  drill  was  operated  by  hand  power,  six  men  belnz  employed  on 
this  work  B,s  well  as  on  driving  the  casing.  The  drill  will  penetrate 
200  ft  Into  rock,  and  will  make  6  to  8  ft.  per  day  in  hard  rock 
and  10  to  IE  ft  par  day  In  soft  rock.  The  plant  complele  costs 
11,000,  Including  two  diamond  bits  worth  }200  each,  ect  with  six  1- 
carat  diamonds  each.  Two  machines  were  used.  The  pipe  cost 
leOO  and  freight,   tlOO 


Coat  ol  operation  per  month,  foreman tISO 

1  M.SO  f- 
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4E 

0  rations  at  80  cts. 141 

Total   labor  tor  one  month    »STS 

<tal  repairs,  pipe  and  lumber  for  one  party  for  10  months..!  SOO 


Total  number  of  feet  s 

Cost   per   ft    t      !.*« 

63   holes,  cost  per  hole    f  164. 41 

Total  Depths  Penetrated, 
Earth,  ft.  Ho*,  ft  Total,  ft 

The    Buttes     1.S2I.Z  ISfl.O  l.RlT.t 

Queen    Creek    35T,8  GE.S  413.4 

Btveralde   T2S.8  40.2  T70.0 

Dykes     80.0  0.0  80.0 

San  Carlos    143.2  30.4  17J.» 

l,St2.0  1ZZ.2  t.ZE4.t 

A  month's  lime  of  one  party  wk*  lost  due  to  continual  breaking 
of  the  casing  pipe  under  the  hamm«r.  Note  that  R0%  of  the  drill- 
ing did  not  Involve  the  use  of  diamonds  but  consisted  In  driving 
through  the  earth  covering  overlying  the  rock.  Thia  la  characteris- 
tic, however,  of  testing  dam  rite*. 

Cost  of  Diamond  Orllling  In  Pennsylvania.*— Hr.  E.  E.  White  la 
author  of  the  following: 
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Tbe  foUowlDK  Dote«  on  progreM  and  coat  at  drlUlns  In  (h«  coal 
tBMMuraa  of  Greene  county.  Pa.,  wera  taken  tran  April  20.  to  July 
It,  IStS.  1  WBB  on  tbe  ground  practically  all  of  the  time,  reprewnt- 
fng  the  company  who  had  optioned  the  coal,  and  so  bad  a  ch&nce  to 
obtain  correct  flgurea  on  the  praKreei  of  drilling.  The  coata  are  not 
KB  accurate;  but  are  eaaentlally  correct. 

Tbe  coBt  at  mperlntendence  and  carbons  la  eatlmated.  The  niper- 
Intendent.  C.  C.  Hoover,  of  the  Blrdsboro  Steel  Foundry  «  Machine 
Co..  wblch  concern  took  the  contract  tor  drilling,  wui  on  the  ground 
only  one  day.  Aa  ha  was  looking  after  about  hall  a  doien  other 
diilli^  the  eatlmatcd  cost  for  superintendence  is  liberal.  The  cost 
for  carbona  would  have  been  much  leas  but  for  the  tact  that  Z>4 
carats  were  broken  at  a  depth  of  21  ft  In  the  flrst  hole,  probably 
by  a  piece  of  steel  In  the  hole.  Thta  bore  waa  almndoned  and  an- 
other started  i  tt.  away. 

Tbe  drill  only  worked  a  day  ahlft,  and  was  run  by  two  men.  the 
drUlmaii,  H.  N.  Wighaman.  and  a  (Irranan.  Bits  were  set  in  the 
company's  ahon.  not  In  the  field.  The  hours  in  tbe  progress  table 
refer  to  the  drill,  that  la,  to  two  men,  except  In  Uie  case  of  hours 
setting  bits. 

The  drill  had  a  hydraulic  feed  and  a  double-core  barrel,  taking 
a  2H-ID.  core.  The  outfit,  with  one  good  diamond  bit.  is  furnished 
by  the  Blrdaboro  Steel  Foundry  t  Uochlne  Co.,  o(  Blrdatraro,  Pa., 
for  about  fl.SOO. 

CoDriderable  trouble  was  eitperlenced  with  tbe  boiler  on  the  Drat 
two  holes,  which  was  accountable  (or  a  large  part  of  the  hour^  de- 
lay on  theae  boles,  shown  by  the  progress  table.  The  boiler  was  of 
the  upright  type,  set  behind  the  machine  on  the  heavy  wagon  frame. 
There  were  no  stay  bolts,  and  the  flues  frequently  had  to  be  rolled 
every  three  or  four  days  after  the  flrst  week,  and  finally  were  rolled 
every  day  for  three  days  in  aucceaslon.  After  stay  bolts  were  put 
In.  the  flues  were  not  rolled  again  on  the  Job.  Except  tor  Che 
boiler  and  a  troublesome  donkey  pump  which  supplied  the  water 
tank,  the  outfit  was  excellent.  The  delay  on  the  last  hole  was  moat- 
ly  waiting  for  water,  which  had  to  be  pumped  a  little  over  a  (luarter 
of  a  mile. 

Hie  expense  of  pumping  on  the  last  hole  Is  not  Included,  as  it  was 
l>ome  by  the  owners  of  the  coaL  The  contract  read  that  water 
should  be  fumlehed  within  100  ft.  of  each  hole.  The  cost  of  moving 
on  and  off  the  ground  is  not  Included,  aa  it  would  be  variable,  ac- 
ecM^ng  to  the  distance  and  means  of  transportation.  Tbe  distance 
moved  between  holes  averaged  about  a  mile  by  road.  It  waa  open 
country  with  good  roads,  so  that  moving  was  not  expansive. 

The  core  obtained  was  practically  complete,  both  of  rock  and 
coaL  Tbe  aarface  was  from  fl  to  19  ft.  deep,  averaging  il  ft.  9 
Ina.  It  waa  clay,  with  no  boulder^  and  was  drilled  out  with  a  mud 
bit. 
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of  courae,  dspendant  larceir  upon  tha  diillniBn  and  how  much  pres 
mire  he  cares  to  pat  upon  the  bit. 

Both  coat  and  progreaa  tables  are  from  the  time  the  drill  reached 
the  Eraund  until  ready  to  leave : 

Btre   UeD>. 

Battmatad 

Distance  Carbon 

Drilled.  Wear. 

Uud-bit     48  (t  T  In, 

Diamond    hit    No.    1    (carbons    broken 

by  ateelT)    SU  carata 

Diamond  bit  No.  i   (hole  No.   11 S69  ft.  8  In.  U  carat 

Diamond  bit  No.  3   (hole  No.  2> 339  ft.  Din.  U  carat 

Diamond  bit  No.  4   (holes  Noa  S.  4 ) . .  GOO  rt  I  In.  U  carat 

Diamond  bit  No.  E  (hole  No.  6) 662  ft.  S  In.  ti  carat 

1,820  fLO  In.  4U  carats 

Ratr  or  BoRirra. 

PL  per  Hour 
Kind  of  Rock.  Actual  Cutting. 

Shale     T.06 

Fire  clay T.IO 

lilmeatone    T.IO 

SanilBtone   9,)S 

Coal     1B.16 

Coar  TxBi.a. 

Cost  Coat  per  f  L 

Drlllmui    t  tOT.TO  10.189 

Fireman 19!.!I  0.106 

Blank    blta    B.DO  0.00S 

Setting    blla    10.00  O.OOE 

Carbon*  (4U  carats,  at  |90) tS2.S0  0.210 

Fuel   (1,080  bua  coal) 4T.1T  0.D3T 

Oil  and  waste    11.00  O.ODS 

Hmalrs    21.86  0.014 

HotIdk    38.00  0.D20 

Superintendence    SOO.OO  0.110 

Total    working   cOlt tl,liB.E)  tO.«gO 

Depreciation   of   outfit    (20%    on   t2,000    for 

Smos.*)    lOO.OO  O.OGE 

Total  costs  exclusive  of  freight  and  haul- 
ing on  drill  and  wages  and  expenaes 
of  drillmen  to  and  from  Greene 
county     tl,S28.G3  $0.7SB 

'The  outBt  exclusive  of  the  bit  Is  worth  about  |2,000. 

Table  XI  shows  the  time  and  progreas  of  drilling. 

Hr.  Hoover,  of  the  Blrdsboro  Steal  Foundry  *  Uachlne  Co.,  makes 
the  total  cost  (1.1)  per  foot,  but  I  think  that  figure  must  be  rather 
hl^  Pour  hole*  put  *>wn  by  the  aama  company  hi  Salelgh  coun- 
ty, WMt  Virginia,  are  aald  to  have  coat  32. BO  per  foot 

Canaumptlan  of  Diamonds  In  Diamond  DrElllnai  Tsnnesaea.— The 
cost  of  carbons  and  borta  consumed  In  boring  38  underground  holes 
at  the  Burra  Burra  and  London  mines,  Ducktown.  Tenn.,  Is  shown 
In  Table  XII.  The  hole*  were  drilled  In  ISOT  with  two  Salllvoo  ma- 
chine* of  the  "ff'  type,  and  all  but  three  holes,  aasngatlng  184  ft. 
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*sra  hoiiaontol  acn>M  Ui«  lormatlon.  The  core  wu  lEAt  In-  dbun- 
eter  and  tbe  hides  1%  Ins.  In  dUmeter. 

The  hl^eat  eoat  per  foot  was  tS-*!,  Id  a.  horlKmtal  hole  Marted 
Id  the  footwall  and  drilled  to  a  depth  ol  only  8  tL.  consumlns 
l.«lyC4  k.  of  tie  borti  BxcgdUhk  thl4  hole,  which  Denetr&ted  very 
hard  blue  qnaTti,  the  blgheit  cost  for  a.  hole  drilled  with  borta  waa 
10.8338  per  ft.  This  bole  waa  drilled  In  Che  lootwall  of  the  Burr* 
Burra  mine  to  a  depth  of  GZ  fL,  37  fL  belns  fn  hard  illlcloua  vdn 
material  and  IG  ft.  In  country  rock ;  l.GT/Cl  k.  of  flS  borta  were 
conmnned  In  boring  it. 

The  lowest  n>at  per  foot  waa  10.0321,  and  waa  obtained  from  a 
hoiiaontal  hole  bored  to  a  depth  of  100  ft.  In  the  banslnK  Wall  of 
the  Burra  Burrs  mine.  Thla  hole  penetrated  10  ft  of  vein  ma- 
terial at  Its  mouth,  and  the  remainder  cut  ChrouKh  aoft  mica  schM 
■o  thinly  foliated  that  there  were  but  few  plecea  of  core  recovered 
more  than  ^  in.  thick.  The  atone  conaumptlon  waa  only  10/C4  k. 
ol  (10  borts. 

Coat  Oateff  Carbona. — The  hlsheat  coat  of  a.  hole  drilled  with  car- 
bona  waa  fl.lGG  per  ft.  Thla  hole  woe  drilled  in  the  footwall  of 
tbe  London  mine  taa  depth  of  0'  ft  and  penetrated  33  ft  of  vein 
and  TO  ft.  of  country  rock.  The  loaa  In  atonea  waa  lU  k.  at  (BE. 
The  loweat  coat  with  carbona  waa  tO.OTlS  per  ft,  from  a  hole  In  the 
footwall  of  the  London  mine  which  penetrated  30  ft  of  vein  and 
M  ft.  of  country  rock.  The  atone  conaumptlon  for  the  hole  waa 
1/II  k.,  at  fSG. 

Cott  Oaing  Sorta.— The  atone  conaumptlon  Kiven  In  the  tablea 
doea  not  take  Into  account  Che  loaa  from  acrap  borta  In  the  drilllns. 
This  loaa  waa:  t.SS/ti  k.  at  (15,  |It.S9  ;  5.57/8*  k.  at  (10,  163.00; 
total.  10.51/et  k.,  fiiSAS.  The  above  amount  dlatrlbuted  to  the 
3,048  ft  drilled  wholly  and  In  part  wiCh  bo.-ta  slvea  an  additional 
cost  of  about  4H  cts.  per  ft  for  holea  drilled  with  tbeae  atonea. 
There  waa  no  loss  In  i  xrbon  acrap,  this  loaa  oceurrlnB  usually  when 
the  atonea  have  worn  too  mnall  to  be  utlllaed  In  a  bit 

SummarlzinK  and  learlng  out  of  the  calculatlona  those  holea 
where  both  borta  and  carbona  were  used,  the  coata  with  borta  were 
for  S,7>1  ft  drilled,  #687.13,  or  the  coat  per  foot.  tO.Z4T.  The  addi- 
tional loaa  for  acrap.  which  amo-  d  to  ID.04G  per  ft,  brlnsa  the 
coat  up  to  30.393  per  ft  This  Is  conalderably  leoa  than  the  carbon 
coat  of  30.E090,  dven  In  the  table. 

AdaptabiUtv  of  Each  Stone. — Borta  may  be  profitably  used  In 
drilling  aoft  ground,  but  In  hard  material  they  are  useleaa.  aa  the 
atonea.  all  of  which  contain  flawa.  wltt  ahatcer  when  encountertns 
bard  rock.  It  la  doubtful  If  borta  could  have  been  uaed  with 
cheaper  results  In  drillinc  the  840  ft  that  were  drilled  with  carbona. 
Some  of  tbla  ground  they  would  not  have  cut  without  ereat  waste. 
Where  part  cartran  and  part  borts  wera  used,  the  carbona  were  aub- 
Btltnted  for  the  borta  when  It  waa  found  that  the  borta  would 
not  stand  the  work. 

In  some  formatlona,  where  there  are  strata  or  aonea  of  varylOB 
desreea   of   hardneaa,   bits   aet   with   carbons  might   alternately  be 
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u«ad  with  thoM  sat  with  borts,  but  the  bits  eonld  not  tmt  wall  b« 
■et  la  advance  owlns  to  the  vaiylng  sage  ot  tlie  liole. 

Co«t  of  Dlimond  Drilling  In  Britlih  Columl^la.*— Mr.  Frederick 
Keffer  la  author  of  the  following'; 

Two  yean  bko  I  contributed  to  the  Institute  a  paver  on  the  re- 
■ulta  of  diamond  drllllnK  ae  carried  on  at  the  mlnas  of  the  Britlah 
Columbia  Copper  Company,  Umlted  during  IDOG.  That  paper  gave 
•Ome  details  &■  to  costs,  and  the  period  covered  was  but  SH 
moncha  Since  that  year  drilling  has  been  carried  on  mora  or  less 
continuauRly  In  the  mines  ot  the  company,  and  the  remits  of  this 
work.  >o  far  as  proKress  and  costs  are  concerned,  are  given  in  detail 
In  the  following  lablea 

Table  XIII  gives  the  monthly  results  of  work  as  well  ns  the  year- 
ly totals.  It  Is,  of  courM,  Important  to  know  the  general  character 
of  the  rock  drilled  In  order  to  Institute  comparisons  With  other 
localities.  In  the  narrow  limits  of  this  table  It  Is  not  possible  to 
give  details  as  to  rocks,  but  as  nearly  as  possible  the  rocks  com- 
prise dlorltes,  compact  gametiteH  and  certain  very  hard  and  alllcloua 
eruptlves  occurring  In  Summit  camp.  The  medium  hard  rocks  In- 
clude bU  orea.  and,  In  Dendwood  camp,  much  ot  the  greenstone  coun- 
try. The  soft  rocks  are  the  llmeiitones  porphyries  and  serpentines. 
Of  all  rocks  drilled  the  gametltes  proved  much  the  most  severe  in 
diamond  consumption,  as  la  UluBtraled  by  the  work  from  May  to 
August,  1907,  which  wai  mainly  conducted  In  gametlte  with  some 
■llicloufl  llmestonea. 

Bight  hours  constitute  a  shift  underground,  and  nine  hours  on  the 
surface.  On  Sundays  no  work  Is  done  apart  from  repairs  to  ma- 
chinery. In  May,  190S.  the  labor  was  contracted  as  an  axperlnient, 
but  was  abandoned  as  being  unsatisfactory. 

The  employes  were,  normally,  a  runner  and  a  setter.  EiKtra  help 
was  required  at  times  for  blastlnK  places  (or  good  set  upa,  for  .laying 
pipe  lines,  moving  plant,  etc.  In  August,  ISOT.  two  shifts  were  em- 
ployed. In  June  and  July  of  that  year  the  Increase  In  labor  costs  la 
mainly  on  account  of  the  long  pipe  lines  required. 

The  power  consumed  Is  taken  as  being  equlvalonl  to  that  re- 
quired for  a  3U-ln.  machine  drill,  that  Is  to  say,  about  20  hp. 
When  drilling  at  a  mine,  where  for  example  15  machines  are  used  on 
each  ^Ift,  the  diamond  drill  is  charged  with  1/31  of  the  total 
power  costs— it  being  In  this  Instance  run  on  one  shift  only. 

Where  steam  power  Is  used  either  directly  or  through  a  steam 
driven  air  compressor,  the  costs  are  much  Increased.  Where,  aa  in 
some  cases,  an  Isolated  Z4-hp,  boiler  was  used,  the  power  costs  are 
still  higher,  as  an  engineer  has  to  be  provided  as  well  as  a  team 
to  haul  wood. 

Tools,  repairs,  elc..  Include  these  Items  as  well  as  all  small  mls- 
cstlaneouB   expensea      The   Increasing  cost  of  diamonds    ((SO  per 

•Bnffinsertup-CoflfracHnff,  May  fl.  1»08; 
fore  the  Canadian  BUnlng  Institute, 
by  the  author. 
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carat  In  190T  tti  cotnjiared  with  ISO  In  ISDfi)  addad  materlallr  to 
cost  per  foot  In  190T. 

The  carat!  UMd  per  foot  were  D.ST2/fl4,  or  Id  more  Intelligible 
decbnalB,  .O0S9S  carats  ao  that  one  carat  on  the  average  drilled 
111.9  ft.  All  hole*  over  30  dexreea  dip  are  classed  as  vertical,  and 
ft.  per  hr.  In  horlEontsl  holes  li  about  1G%  Kreater  than  in  vertical 
onea.  The  average  depth  of  holes  la  B1.3  ft,  and  diameter  of  core* 
la  15/16  IniL 

In  comparing  these  costs  with  contracton^  prices,  It  must  be 
borne  In  mind  that  contractors  usually  require  air  (or  Steam)  and 
water  to  be  piped  to  the  work,  and  the  mine  must  In  addition  furnish 
the  air  and  water  free  of  charge.  In  the  present  coat  sheets  all 
theae  Items  are  charged  asalnat  coats  of  drilling. 

The  drill  runner  set  and  was  responsible  for  the  diamonds.  He 
waa  pald-a  salary  of  tiTE  per  month,  while  two  helpers,  duiins  the 
period  of  time  given,  received  tS.EO  per  day.  Since  the  decline  In 
the  orlce  of  copner.  heloers  are  only  paid  tS.tO  per  Shift  The  com- 
pressor men  receive  14  per  day. 

Wood  for  fuel  coals  |3.ED  to  IE  per  cord,  accordlnc  to  locality. 
Electric  power  oosta  (33  to  |40  per  hp.  per  year. 

The  drilling  waa  done  with  a  "Beauty  Drill,"'  of  the  BuUoclt  type, 
made  by  the  Sullivan  Mchy.  Co..  of  Chicago.  The  machine  haa  bem 
In  service  three  years  and  Is  In  excellent  condition.  The  catalOf 
price  of  the  drill  ia  fl,GO0,  with  Its  equipment.  Including  2  bits 
ready  tor  carbons,  but  not  including  carbons.  The  shipping  weight 
is  1.160  lbs;  It  will  drill  to  a  depth  of  800  ft.,  making  a  hole 
19/16  Ina  dlam.  and  giving  lE/16  In.  core. 

The  following  were  the  unit  costs  in  1906  and  In  1901,  alao  In 
March.  1907,  when  the  lowest  unit  coat  was  secured: 

Cost  In  1906   (3.002  Ft.  Drilled). 

Per  Un.  ft 

Labor    »0.T8« 

Power    0.20S 

Repairs,    oil.    etc 0.109 

Carats    (28  Ee/B4.    cost    |I,T2S} O.ETf 

Total  iTm 

Cost  In  190T  (3,S6T  FL  Drined). 

Per  lln  ft. 

Idbor     ID.TIE 

Power    0.380 

Repairs,    oil.   etc 0.100 

Carats    (30  17/64.    cost    }S.S21) 0.63S 

Total    %vm 

Cost  In  March.  1907  (B40  Pt  Drilled). 

Per  lln  ft 

Labor     tO.493 

Power    D.D99 

Repairs,    etc 0.049 

Carats    (237/64,    cost    1219) 0.40S 

Total     (1.04B 

Ur.  Keffer  estlmnlee  18%  per  year  will  cover  the  Interest  and  de- 
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^adatSon,  or  f  240  per  reftr  to  be  added  to  the  coata  above  gtveo,  or 
•teul  8  cU.  per  lln.  ft.  of  hole  when  3,000  ft.  ar«  drilled  per  year. 

Costs  of  Calyx  Core  and  Diamond  Drill  Borlnga.  Nova  Scotia.*— 
To  further  the  Intereata  of  the  mining  Induitry  In  Nova  Scotia  the 
Oopartment  of  lllDea  of  that  province  baa  aliice  IVOO  owoed  and 
operated  a  number  of  core  drtlla  for  proapectlnr  purpoaea.  In  tba 
npoTt  of  tba  departniaQt  for  1BQ8  there  are  slven  a  aunnnarj'  of 
the  depth*  of  holea  bored  and  the  cost  of  tbe  work  for  each  year 
from  1900  to  1908,  Incluaive,  and  alao  the  Itemised  coat  or  the  work 
done   during   1908.     The  following  data  are   compiled   from   theae 

During  1908  the  department  had  8  drills  Id  operation.  1  of  the 
SulUvan  diamond  pattern  and  3  of  the  Calyx  shot  type.  The  work 
of  these  drllle  la  given  aa  followa: 

i>rUI  Ho.  t. — This  was  a  steam  Calyx  drill,  producing  s.  B-ln. 
core :  Ita  work  comprised  two  holea  In  the  Cape  Breton  coal  meaa- 
area,  one  T0>U  ft.  deep  and  one  1,170  fL  11  Ina  deep. 

The  arst  hole.  7G9K  ft.  deep,  was  through  undstone.  shale  and 
coaL  Work  waa  begun  Jan.  IE,  ISOg,  and  the  hole  was  flntshed 
Uarch  21,  1908.  The  average  ^te  of  drilling  was  0.8  ft.  of  hole  per 
boor;  the  maximum  rate  was  3  ft.  of  hole  per  hour.  The  boring 
was  done  with  a  double  shift.  The  cost  of  the  bole  was  as  follows. 
Item.  Total  Per  ft 

lAbor  Indudlng  tnidcage f    804  t0.881 

Management    141  O.tlS 

Cool     171  0.222 

Ugbt,  oil,  waste,  etc.    T  0.009 

Shot     it  0.072 

Qravel     3  0.004 

Lumber,    etc    SO  O.OtO 

Ca.riag  pipe  G  0.008 

Totals    H.ITT  11.628 

The  second  hole,  I.ITO  ft  II  Ins.  deep,  waa,  like  the  firat,  through 
sandstone,  ahale  and  coaL  Work  waa  b^un  March  SO,  1908,  and 
tbe  hole  was  finished  July  11.  1908,  The  average  rate  of  drilling 
was  0.58  ft.  per  hour  and  the  maximum  rate  waa  3  ft.  per  hour 
througta  sandatona.  The  boring  was  done  with  a  double  shift.  The 
cost  of  the  hole  waa  as  follows : 

Item.  Total.  Per  ft 

Labor  Including  truckage (   99S  $0,849 

Manasement    tSl  0.2BZ 

Coal    200  0.171 

Light,  oil,  watte,  etc. 8  0.007 

Shot    88  0.058 

Gravel    G  O.O04 

Lumber    IG  0.013 

CaMng  ptpe   14  0.012 

abort  blta  and  core  barrels 188  0.143 

Totals     81.804  II.GJ9 

DriO    Ifo.    t. — This   was   a    stoam   diamond    drtll,    producing    a 

*Bniit»4enitg-ContracUng.  July  28,  190). 
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IS/lE-ln.  core;  Ita  work  compriMd  S  holes  In  the  Nova  Bcotta  coal 
meomreB,    1    at    MerlgQinlih,    Flcton    Catutty,    and    S    Dear    New 

GlOBgOW. 

Ai  MerlEomlah  the  hole  was  throufh  red  and  Krny  nuidiatone  and 
■hale  and  was  G3S  (t.  deep.  Work  wae  commaaced  Sept.  18  and 
the  hole  waa  flnlshed  Oct.  SO,  ISOT.  The  avera.^  rata  of  drIllliiB 
was  l.ie  ft.  per  hour,  and  the  maJclmum  rate  waa  4  ft  8  \bm.  pM 
hour  Id  grar  aandatone.  The  tiorliig  wai  dona  with  a  Blncla  ahUL 
The  coat  ot  the  hole  waa  aa  follows : 

Item.                                                             TotaL  Per  IL 

l«bor,   IncludlDK  fralxfat  and  truckage..!  133  tO.Z4g 

Uanoftement    US  0.4BT 

fuel     11  0.OS1 

LIfrht.  oil.  waste,  etc 1  0.00! 

Carbon    wear     E  0.609 

Lumber     »  0.004 

Core  lifters  and  bits IS  0.014 

TotalB    (410  10.786 

Details  of  the  drIlllDK  ot  onl7  4  of  the  holes  sunk  at  New  OIa*> 
sow  are  given.  The  rock  penetrated  was  Cray  sandstone  and  ahale 
and  black  shale,  with  frequent  hard  bands. 

Hole  No.  1,  909  (t.  deep,  was  begun  Dec  S,  190T,  and  flnlaliad 
Feb.  14.  13D8,  boring  single  shift  The  average  rate  of  drilling  waa 
1.4  ft  per  hour  and  the  maximum  rata  was  S  ft  in  One  hour  In 
bard  gray  standatone.    The  cost  of  the  hole  waa  aa  follows : 

Item.  TotaL  Per  ft 

Labor,    Including  freight    |I31  tO.144 

Management    tIS  0.3S9 

Coal     3$  0.040 

Light,  oil.  waste,  etc S  0,007 

Carbon  wear  2  O.OOS 

Lumber    17  0.019 

Casing,    pump,    pipe,    eto. 33  O.OIS 

Core  UfterB  and  bits 31  O.OZl 

Totals    f68i  10.640 

Hole  No.  Z,  g4Z  ft.  deep,  waa  begun  March  4  and  finished  May  30^ 
190S,  worklngr  single  shift  The  average  rote  ot  drilling  was  l.Z  ft 
per  hour  and  the  maximum  rale  waa  3  ft,  B  1ns,  per  hour  In  gray 
shale^     The  coat  of  the  hole  was  as  follows; 

Item.  TotaL  Per  ft 

Labor,    Including   freight tl30  t0.1G4 

llaDagement    itl  0.431 

Fuel 30  O.OSB 

Light  oil.  waste,  etc EE  O.OOG 

Steel    Bhnt 4  O.0O4 

Blank  bits,  core  lifters,  shelltl  etc IZ  0.033 

Repairs  to   engine    iO  0.0Z3 

TotalB     IfiSE  10.761 

Hole  No.  3,  640  ft  deep,  was  begun  June  11  and  finished  Aug.  I, 
1908,  working  a  alnsle  iblft     The  average  rate  of  drilling  wa« 
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B  E  ft.  per  hour  In  coal- 


Si  0.03£ 

»  0.014 

SO  0.031 


Cora  Ufters,  bits,  core  alieUa 

Totals    1393  |0.«0S 

Hole  No.  4,  EOO  (t.  deep,  vaa  besun  Auk.  11  And  flnlshed  Sept.  19, 

1908.    working   a    BliiKle    ihlft.      The   averase   rate   of  drllllnx   was 

I.G  fL  per  hour  and  the  msilmum  rata  waa  6  ft.  In  one  hour  in 
grar  Bandstona    The  cost  of  the  hole  waa  as  follows : 

Item.                                                             Total.  Per  ft. 

Labor,  includtng  truckage $  07  t'^m 

MBnasement     IBO  0.3(0 

li^ol    IB  "M* 

UBht.  oil.  waste,   etc .4  0.008 

Carbon    wear     SI  0.088 

Black  bits,  core  Utters,  steel   shoes 16  0.030 

Totals    1312  tO.BJi 

Drtn  Wo.  i. — This  drill  was  a.  hand  diamond  drill,  producing  a 
IS/lS-in.  core,  and  Its  work  consisted  of  boiinK  S  holes  In  sandstone, 
shale  and  limestone  to  develop  a  Itmeatone  suitable  for  the  manu- 
factaT«  of  cement    The  hol«a  were  o(  the  following  depths : 

No.   1  85  ft.      8  Ina 

No.   8    31  ft. 


, 8   ins. 

.    3S  tt.     0  Ins 


Total    243  ft.  :i  n 

The  aggregate  coat  of  the  fl  holes  was  aa  follows: 

Item  Total.  Perl 


^i;^';;!^/::::::::::::::::::::::::  _i23      _o^ 

Totals    »600  (2.0O7 

This  Bomo  drill  waa  employed  to  sink  one  hole  In  the  coal  meas- 
ures, as  follows:  The  hole  Was  1341^  (t  deep,  through  shale  and 
aaodatone:  work  was  begun  July  23  and  the  hole  waa  flnlshed 
Aug.  13.  1908.  worklfig  a  single  ahlft.  The  average  rate  of  drilling 
was  0.74  ft.  per  hour  and  the  maximum  rate  was  1  ft.  3  Ins.  In  one 
boor.    The  cost  ef  the  hole  was  aa  follows : 


Item. 
Labor    . 


81 OT 


Per  ft. 


Ll^tolljjwastft  « 

epalrs,  etc 38 

Totals    »"*  *!*" 


Carbon   wear 'J  S15S 

PrelKht,  trucfcace,  repairs,  etc 38  "-^'" 
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una  So.  S. — Thli  drill  wai  &  Bt«ain  CaJrz  4HII.  produdnc  a.  t-ln. 
core.  It  TBa  enii>lDy»d  Id  pu'tluc  dowD  tour  hole*  In  ths  Caps 
Breton  coal  meaaurvL  b>  follows: 

Hole  No.  1  WB*  b«CUtl  Feb.  IT  and  Onlahed  April  IS,  ISO*,  work- 
ing double  ahlft.  Tbe  average  rate  o(  progreaa  was  IH  't.  per  hour 
and  the  maximum  rate  was  GH  ft.  In  one  bour.  Tbe  hole  wa«  tH^k 
tt  deep  and  Ita  coat  was  as  (allows : 

Item.  TotaL  Per  ft 

LAbor,  including  freight  and  truckage...    tlB4  (0.6*1 

UanaK«ment    ISO  0.I6I 

CoKl    3G  O.OBl 

Ught,  oil.  waste,  etc *     0  0.014 

Shot     IS  O.042 

Oravel 3  O.OOT 

Lumber   __<6  0.108 

ToUls    tsei  11.236 

Hole  No.  Z,  ZOS^  (t.  deep,  was  begun  Uay  20  and  was  flnlahed 
Uay  30,  1903.  The  average  rata  of  drilling  was  1  ft.  per  hour  and 
the  maximum  rate  was  &K  ft  per  hour.  A  double  shift  waa  worked. 
The  cost  of  the  hole  was  as  follow* : 

Item.  Total.  Per  (L 

Labor,  Including  freltfit  and  tnickaB?. . .    tlZT  fO.SlZ 

Management    33  a.iGg 

Fuel    16  O.OTS 

Light,  oil,  waste,  etc 


Lumber 
Cuing   .. 


0.018 
0.000 


Totals    »ZOS  10.980 

Htie  No.  3.  3(7  ft.  deep,  was  begun  June  4  and  Snlahed  June  ST, 
1808.  working  double  shlfc  The  average  rate  of  drifting  waa 
0.9  ft.  Der  hour  and  the  maximum  rate  was  S  ft.  in  one  hour  with 
cutters.    The  cost  of  the  hole  was  as  follows: 

Item.  Total.  Per  f  L 

Labor.  Including  freight  and  tnickaee...     |272  30.711 

Uanagement    75  0.201 

Fuel    31  0.06T 

Light,  oil,  waste,  etc 0  0.013 

Shot 17  0.073 


Totals    tll>  11133 

H(^e  No.  4.  G02  tt.  deep,  was  b(«un  on  Julr  B  and  waa  flnlahed 
on  July  33.  1908.  working  double  shift.  The  average  rate  oC 
drilling  was  1.3  ft.  per  hour  and  the  manlmum  rate  was  3  ft. 
In  one  hour  with  ahot.    The  cost  of  tbe  hole  waa  as  follows ; 

Hem.  Total.  Per  ft 

Labor,  Including  truckage 3361  fO-GOO 

llanagement    71  0.113 

Fuel    33  0.013 

Light,  oil,  waste,  etc. 4  0.008 

Shot    IB  O.039 

Lumber    7  0.013 

Pumping  water   BO  0.1S9 

Shot   barrels   used 16  O029 

Totals    1408  »0.92i 
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In  prasentlns  theae  reulu  we  bavs  computed  and  added  the 
"*<"""■■  ol  coBU  per  foot  drilled.    Ttia  report  laye: 

Ttia  average  coat  per  foot  for  borlns  by  drills  was  (l.M.  Tbe 
coat  pel  foot  for  oil  boring  *bv  dlamoad  drllla  waa  80  ^  ceata,  ami 
by  Calyx  Orlua  tl.34.  The  carbon  coat  per  toot  In  borlDK  by 
diamond  drUla  was  f0.077,  and  tbe  ahot-cost  per  foot  by  Calyx 
drilli,  tO.OSC.  These  coats  compond  with  laat  year's  reaulta  wera 
aa  follows; 

laOT.  1908.       Inc.  or  Dec 

Coat  per  foot  for  all  borl&K tl.23         tl.Dt         Dec.      ITc 

Coat  per  foot  (or  all  Calyn  boring l.Tl  l.Jt         Dec.      31c 

Coat  per  foot  tor  all  diamond  boring..      .73  .g4E  inc.        llo 

Sbot-oost  per  foot  borlns  by  Calyx  drills     .047  .056  Inc.    .009o 

Carbon  coat  per  foot  borlbg  by  diamond     .012}       .071  Inc.    .D41c 

CMt  Of  Core  Drllllna  With  a  Well  Drlllir.*— In  this  article  we  give 
the  cost  of  drilling  boles  through  rock  wltti  a  well-drilling  machine. 
Holes  Noa  l  and  2  were  holes  from  which  cores  were  taken,  being 
pat  down  throusfa  llmealons  at  Parla  Ky-,  for  the  Blue  Orasa 
Hinlng  and  Develdprneut  Co.  For  these  two  holee  a  Cyclone  steam 
tour-core  drill,  clasa  ES  1,  was  used,  tajdng  a  SU-la.  core.  This 
drill  will  take  cores  of  2M.  3U  and  4M  Ins.,  to  a  depth  of  300  ft. 
It  la  the  lightest  tour-core  drill  made  by  the  Cyclone  Co.,  ot 
OrrvUle,  Ohio.  Equipped  ready  foi  work,  it  is  sold  for  leas 
than  tl.OOO,  but  Cor  our  purpose  of  estimating  dGpreciation  and 
interest  on  the  machine  we  will  conalder  the  price  as  ll.OUO,  as 
this  figure  wilt  cover  the  freight  and  other  incidental  expensee  of 
buying  [he  machine.  Tbla  machine  can  be  operated  by  a  drill 
runner  and  one  asslstanL 

Hole  No.  1.— Thla  bote  waa  entirely  In  limeatone  and  was  drilled 
to  a  depth  ot  104  fL  In  SO  hra  actual  time  ot  running  tbe  machine ; 
(he  average  rate  of  drUllng  per  hour  waa  2  ft.  l  In.  Tbe  men 
worked  more  than  SO  bra,  the  actual  time  they  worked  belns 
charged  aealnst  the  bole.    Tbe  coat  waa : 

Moving  drill f  a.SD 

Coal    4.SS 

Water    3.00 

Driller,   «  bra  Q  fO.EO SO.OO 

Helper,   SB  bra  «p  f  O.Ig ».3U 

Suppllea,  Aot  and  bita 6.0U 

Depreciation,      rnialra     and     interest     per      day 
asBumed  at  tl.SO ».00 

This  gives  a  cost  per  lineal  foot  of  liole  for  each  Item  aa  follows : 
Moving  drlil (0.03 

Sun>llea     05 

Depreciation,   repalra  and  Interest 0!i 

Total     JO. 62 

Hole   No.    2. — Tbla  bole  waa    15S  ft    throuich    limestone,    SO    brs- 
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being  conmimed   In   drilling   It     This  meant   a,   rats  per  hour   ot 
about  2  ft.    The  total  coat  ot  the  hole  waa  aa  follow* : 

Moving  drill 1  J.76 

Coal    .-. 0.00 

Water    4.00 

SupplleH,   shot  and  blta 10.00 

DrUW,    80  hra  Q  *n  Kn jn  nn 

Helper.  88  bra.  g 


Deprectatlon,      repairs     and     iDtsrest,      par 


.    1S.0O 


L 


Total    tg«.9E 

This  glvea  a  coat  per  lineal  toot  ot  hole  tor  each  Item  aa  follows; 

Moving  drill (O.OB 

Coal    Oi 

Labor  !!;;  ^  !;;;;!;.",';;.!;[!;.■;"!!.';;!;;;; .'  '.u 

Supplies     OS 

Depreciation,  repairs  and  Intereat OB 

Total    '. 10.67 

Holes  Noa.  4  and  G  were  drilled  with  cable  toola,  a  No.  4 
Cyclone  drill  being  used  tor  putting  down  a,  E-ln.  hole.  The  woA 
was  done  near  Arrltta.  Va.,  tor  the  Low  Uoor  Iron  Co.  The  No.  4 
drill  IB  a,  standard  well-drilling  machine,  and  will  sink  a  hole  to  a 
deoth  ot  BOO  ft.  It  baa  an  B-hp.  boiler  and  a  7-hp.  engine,  mounted 
on  traction  wheels,  weighing  In  all  over  S.OOO  lbs.  This  machine  can 
also  be  rigged  to  take  corea.  Depreciation,  repaira  and  Intereat  on 
II  per  day  will  be  about  the  aame  aa  tor  the  other  drllL     Two  men 

Hole  No.  S. — Thla  bole  waa  drilled  through  the  following 
materials : 

Ft 

Clay T 

Shale    113 

Cap  rock   ( disintegrated ) 8 

gandstone     14 

Total    14) 

Tlie  timo  consumed  In  drilling  this  waa  3S  hrs.,  making  a  rate  of 
4  ft.  G  Ins.  per  hour.     Ths  cost  ot  the  work  was  aa  follows: 

Coal    I  4.00 

Water     2.40 

Driller,   40  hrs.  in  JO.20 8,00 

Helper,   40  hra.  ip  t0.16 0.00 

Dopreclallon,      repairs     and     Intereat     per      day. 

assumed  at   $1.50..... 6.00 

Total    (Z8.40 

This  Includes  moving  the  machine.  The  cost  per  lineal  tt.  tor 
each  Item  was; 

Coal    10.03 

Water    03 


Idbor _. 

Depreciation,  repairs  and  Intereat 04 

Total    (0.19 
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•  (T  ft.  il««p,  betiat  drill«d  through  tlw 

Tt. 

Sbaie   St 

Cap   rock 2 

Bandrtimfl  ' .'. .'..  I !  i  !!.'!  w  i ,'!!'!.'  ^ .  ^ .!..  ^   lA 

Fllnc    » 

Total    97 

Thirteen  hours  were  conflumed  In  drtlUng  this  hole,  maklnK  • 
rate  of  prosreu  of  S  ft.  and  1  In.  p«r  hour.    Tb«  co«t  of  the  work 

Coal    I  1.00 

Water    30 

Driller.   20  hra.  @  10.20 4.00 

Helper.  20  hra.  e  |0.15 3.0D 

Depreciation,  repalre  and  Interest,  per  day  |1.60     S.OQ 

Total    111.30 

nils  sl*es  a  detail  coet  per  lineal  toot  of  the  fallowing: 

Coal    10.015 

WaUr     0.006 

lAbor 0.100 

Depreciation,  repairs  and  Interest 0,040 

Total     fO.lSD 

All  these  holec  It  will  be  noticed,  were  throuxh  soft  rock,  but 
the  coau  (or  the  Work  are  very  reasonable. 

Cnt  of  Diamond  DrlN  and  Wash  Borlnei  Near  New  Vork  City.*— 
Kr.  F.  Lavls  is  author  of  the  fallow Ing.^The  followlnK  costs  of 
maklnK  diamond  drill  borlnns  were  obtained  on  work  In  New  York 
City  In  the  tall  of  190G.  The  work  was  started  In  October  and  ran 
throusb  to  the  early  part  of  January,  there  being  more  or  less 
delay  during  the  latter  part  ot  the  work  (on  the  diamond  borings) 
doe  CO  snow  and  Ice. 

The  average  depth  of  the  holes  was  about  40  ft,  partly  In  earth 
and  partly  In  rocli,  the  depth  of  the  latter  below  the  surface 
varying  from  2  to  2E  ft,  and  It  being;  generally  overlaid  by  more  or 
teas  One  sand.  A  2K-ln.  wrought  Iran  pipe  casing  was  sunk  to 
tbe  rock  by  a  separate  crew  by  the  wash  method  and  flrmly  seated 
thereon.  A  Hi-ia,  core  was  obtained  of  the  rock  and  samples  of 
Ihe  waahlngs  were  taken  and  preserved  In  glass  jara  The  rock  was 
(be  ordinary  New  York  gneiss  and  mica  schist,  which  affords  easy 
drining  where  seams  are  not  encountered  which  tend  tbe  drill  oil 
Use  and  bind  the  bit 

Tbe  crew  of  the  wash  machine  consisted  of  1  foreman  at  13  per 
day  and  of  3  laborers  at  (2  per  day.  A  proportion  of  the  superin- 
tendence, water  supply,  watchman,  etc.,  was  also  charged  to  this 
uart  of  the  work.  This  crew  sank  all  the  casings  to  the  rock  readr 
tor   tbe  diamond  machine,  tlw  work  occupying  about   IS   working 
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Power  tat  the  dUmona  drill  was  turnlahed  br  a  ■mall  upright 

boiler  and  much  time  was  waated  In  Bhlftlng  th«  boiler  and  drill 
apparatus  from  one  hole  to  another;  bad  these  been  both  mountMl 
on  wheels  the  expense  for  drllllnK  would  have  been  cut  down  at 
iBHit  10  per  cent  and  probably  more.  After  the  first  two  movea 
had  been  made  an  extra  laborer  (sometimes  two)  was  put  on 
during  the  time  of  moving  at  fZ  a  day,  with  the  result  that  the 
time  was  cut  down  half,  tram  12  to  It  hours'  actual  working  tlm« 
to  (  or  8. 

A  superintendent,  who  also  set  all  the  diamonds,  devoted  about 
half  his  time  to  the  work  and  was  paid  flOO  per  month,  and  (IDO 
per  month  rent  was  paid  for  the  use  of  the  diamond  drill Inic 
machine.  The  boiler  and  warti  borlnK  oiitllt  were  on  hand,  having 
been  used  prevlouBly.  and  no  cost  la  Included  fer  their  use.  Tba 
costs  do  Include  an  allowance  for  all  pipe  used,  coat  of  fuel  and 
other  materials  and  of  repairs  to  diamond  machine  on  completion 
of  worli.  and  new  grate  bars  for  the  boiler. 

The  pay-roll  was  as  [oUowa; 

1  Superintendent  (  H  time) IIOO.OO  per  month 

Rent   of  machine 100.00  per  month 

1  Foreman S-BO  per  day 

1  Rigger     :.26perday 

i  LaTiorera    2.20  per  day 

1  Night    watchman 1.50  per  day 

1  Inspector  of  city  water  department a.OO  per  day 

Water  was  obtained  from  the  city  hydrants  and  cost  about  |SG 
for  permits,   etc,   besides  the  13  oer  day  tor   the  Inspector. 

The  costs  shown  below  are  considered  quite  low  (at  least  %l 
per  ft-  less  than  usual),  this  being  due  to  a  large  extent  to  the 
very  small  abrasion  at  the  diamonds.  This  latter  Is  a  most  Impor- 
tant matter  and  the  favorable  results  In  this  case,  the  loss  la 
some  holes  being  as  little  as  ^  carat,  and  seldom  over  %,  waa 
due  to  the  (act  that  stones  were  available  which  had  been  pre- 
viously used  (and  therefore  tested),  and  that  the  superintendent 
who  set  the  stones  was  an  expert  at  this  work.  With  diamonds  at 
too  per  carat,  the  Importance  of  properly  selected  stones,  skilful 
setting  and   manipulation   is  apparent. 

The  following  Is  a  summary  ot  the  cost: 

Wash  BoeiNas.  200.8  Liu.  Pr. 

Per 

Total,     lln.  ft. 

Labor   I    278.92     »1.S4 

Engineering    3500       0.17 

Total     *    »11.»1      J1.61 

Diamond  Dbill  Boaixaa.  460.9  Lnr.  Fr. 

Per 
TotaL     lln.  tt 

tabor |1,88S.73      (4.09 

Engineering    l\hM       0-69 

Total M.20),7J      H,7S 
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DUHOND  DULI.  AMD  WaIH    BcMIMBa,    eST.7    LiN.   Pi. 

Per 
Tot&L     llii.n. 

Labor     |t.I$6.eG      tS-iB 

l!;iiCUieerfais    StO.OO       O.SZ 

Total    tS.ElG.S6     iTtT 

Reck  Esovating  Uilng  Well  Drillere.*— Ur.  B.  M.  Hulb«Tt  ia 
aatbor  of  tlie  followtng. — The  quarrlea  ol  the  AtUa  Portland  Coment 
Cmpanjr  at  Nortbamiitcin,  Pa.,  are  two  In  number  and  are  situated 
doM  to  the  works  of  Uie  company.  No.  1  quarry  la  the  oeareat  to 
tba  works  and  la  l.flOO  to  1,SOO  ft.  lans  on  the  face.  No.  2  quarry 
ti  at  a  dlatajics  of  a  mile  or  so  from  the  works  and  le  approximately 
1,401)  It  Ions  on  the  face.  These  faces  ranye  from  42  te  100  fL  In 
belchL 

The  rock  was  formerly  excavated  by  benches.  I.  e.,  steam  or 
comprr«Kd  air  rock  drills  were  used  for  drIlIInK  bolea  ZO  ft  deep 
vtilch  were  cbarKed  vrtth  dynamite  and  blasted.  The  dislodged 
rack  waa  cleaned  up  by  hand  labor  after  which  the  drills  Were 
again  set  up  and  the  process  repeated.  In  this  way  the  face  of 
the  qiiarry  waa  remored  by  three  twoehesi  all  material  belnK  carried 
away  In  staDdard  gase  frel^t  cars  running  on  tracks  laid  on  tbe 
kottom  bend^  or  floor  (rf  the  quarry. 

The  drlUs  tised  fOr  this  part  of  the  work  were  ordinary  com- 
preaeed  air  Kick  dtllls  capable  of  drllllDg  holes  20  fL  In  depth 
vlth  a  bottom  diameter  of  2  H  Ina  It  waa  thought  that  by  drtlUng 
boks  below  grade  and  blasting  larger  quantities  ot  rock  at  a 
time,  the  coat  of  handling  the  excavated  material  would  be 
matBTlally  reduced,  all  bond  labor  being  practically  eliminated  and 
the  rock  removed  by  steam  shovels  running  on  railroad  tracks  on 
the  floor  of  the  quarry.  It  was  therefore  decided  to  Introduce  well 
drills  for  this  work  In  place  of  the  rock  drills  formerly  used  and  the 
results  achieved  have  more  than  warranted  the  change. 

Tbe  character  of  the  rock,  however,  makes  the  work  of  drilling 
*rltb  well  diilla  of  an  exceedingly  difficult  nature  as  this  limestone 
Is  not  only  hard  and  tough  but  is  honeycamt>ad  with  seams  running 
at  everr  conceivable  angle.  In  spite  of  this  handicap  the  drills 
are  areraglng  approximately  lU  It-  per  hour  taking  Into  con^dera- 
tlon  all  delays  due  to  blasting,  sharpening  steels  and  (or  other 
purposes.  There  are  seven  drills  actually  engaged  on  the  work 
and  these  are  not  only  able  to  keep  (our  Hteam  shovels  busy  In 
tbe  two  quarries,  but  have  drilled  many  holes  ahead.  As  a  general 
nile.  Iiowever,  it  has  been  found  that  drilling  holes  ahead  does  not 
ilwsyi  pay  as  the  magnitude  of  the  blasts  often  throws  some  of 
tbe  holes  out  of  plumb  and  discretion  has  to  be  evercleed  In 
Wanning  ahead  on  this  part  of  the  work.  The  drills  were  manu- 
brtured  by  the  Btar  I>rllllnK  Hachlne  Co.  of  Akron,  Ohio. 

It  sometimes  h^tpens  that  well  drilling  machines  cannot  be 
■Md  to  advantage,  and  an  Instance  of  this  la  to  be  found  In  Iha 
«•■  ot  quarry  No.  S  of  the  Atlas  plant.  Here  the  entrance  to  the 
VaiTT  eonslsta  of  a  narrow  opening  with  high  vertical  faces  on 
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«Bch  aUe.  It  «ouId  b«  obrloualy  ImpracUoablo  to  nidan  thl* 
opeuins  by  meanfi  of  heavy  bUats  &■  by  bo  dolns  there  would  be 
danger  ot  cloBlng  up  the  openlnK,  It  being  a,  alncular  fact  that  In 
blaite  of  thla  character,  the  material  at  the  base  of  the  hole  !> 
blown  outward  to  a  considerable  dlstaoce,  while  that  at  tha  top 
aettles  down  vertically  and  la  acarcety  thrown  out  at  alL  In  the 
case  o(  quarry  l4o.  2  ot  the  Atlai  plant,  the  narrow  entrance  Is 
being  widened  by  the  bench  method,  elyht  oomprened  air  rode 
drills  being  used.  As  soon  as  the  face  is  moved  back  far  enough, 
however,   well   drllli  wlU   be   subctltutad  and   the  holes  drilled   to 

At  both  quarries  the  holes  are  drillad  at  a  distance  of  10  ft.  from 
the  face  and  approximately  18  ft.  apart.  It  being  the  cuHtomarr 
practice  to  space  these  holes  by  moving  the  machine  a  dlstanoa 
forward  equal  to  Its  own  length,  which  In  this  case  Is  about  18  ft. 
In  No.  1  quarry  there  are  two  well  drilling  machines,  operating  on 
compressed  air  and  working  In  two  shifts  Of  10  to  1!  hrs.  eac^ 
Besides  these  there  are  Che  eight  compressed  air  rock  drills  engaged 
In  opening  up  the  entrance  by  the  bench  method.  In  No.  1  quarry 
there  are  Ave  well  drtlls  operated  by  steam  generated  In  a  135-hp> 
central  boiler  plant.  The  steam  pressure  Is  maintained  at  110  lt>a. 
except  when  blasting  occurs,  at  which  times  It  Is  lowered  to  SS 
lbs.,  as  It  was  found  that  the  detonation  of  a  heavy  blast  tended  to 
"start"  the  tubes  In  the  boiler  If  the  pressure  was  not  reduced. 
A  3-ln.  steam  line  leads  from  the  boiler  plant  to  the  drills,  but  tbia 
line  can  also  be  used  tor  compressed  air  It  desired  and.  In  fact, 
compressed  air  Is  used  to  operate  the  drills  during  the  night  shirt. 
Of  course,  it  Is  Impossible  to  install  a  very  high  class  steam 
plant  for  this  work  owing  to  the  fact  that  there  Is  no  element  ot 
permanency  In  the  Installation.  The  plant  has  already  been  moved 
twice  and  will  probably  have  to  be  moved  again  within  the  next 
twelve  montha  In  spite  of  this  tact,  however,  very  good  ecmiomy 
Ib  obtained,  care  being  taken  to  thoroughly  lag  the  steam  lines  which 
are.  in  no  case,  more  than  300  ft.  In  length. 

The  depth  ot  boles  In  this  quarry  ranges  from  45  to  8G  ft,  the 
diameter  being  G  Ina,  and  It  Is  the  usual  practice  where  boles  are 
only  46  ft.  deep,  to  drill  them  with  one  bit,  the  wearing  away  ot  the 
gage  being  In  about  the  -Ight  proportion  to  the  depth  of  hole  to  do 
away  with  the  need  of  changing  steela  In  the  deeper  holes,  bits  are 
changed  at  regular  Intervals  until  the  last  3S  fL  is  reached  when 
one  bit  Is  used  to  the  bottom.  As  a  general  rulft  however,  It  might 
be  Bald  that  drills  are  sharpened  every  10  ft. 

The  very  difficult  nature  of  the  ground  and  the  fact  that  frequent 
■tops  have  to  be  made  to  straighten  holes  and  during  blasting, 
maJces  the  average  of  I  ^  ft.  per  hour,  taking  Into  consideration 
all  delays,  a  very  good  one.  But  It  must  be  remembered  that  the 
real  element  ot  economy  is  not  so  much  in  the  speed  of  drlUlng 
as  In  the  greater  efflclency  In  blasting,  more  rock  being  dlsplaoed 
by  blasting  holes  drilled  below  grade  than  by  successive  Utta  at 
20  to  25  tl.  In  working  In  these  benches  each  t>ench  has  to  bs 
cleaned  off  by  hand  labor,  except  the  final  one  at  grade  which 
may  be  cleaned  off  by  steam  shovela 
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C««t  ttf  An  Artaslui  Wall.^-Ur.  Wm.  G.  Farxo.  conaultlns  eagX- 
iMsr,  ot  Jackson,  Micfa..  baa  fumlalted  lu  with  the  following  data 
ncanUoK  the  coat  of  an  arteaiaii  well : 

Tlie  wbU  waa  sunk  at  the  I^nrfng,  Ulch.,  •ub-atatlon  Of  the 
CvuDonwealth  Power  Co.  It  waa  3  Ins.  la  diameter  and  lOT  ft. 
dwp.  Of  this  d^th  GO  fL  waa  tbrough  aott  material  and  G7  ft. 
thnm^  rock.  This  meant  that  onlr  EO  ft.  needed  aheathlns,  which 
VBB  done  by  50  ft.  Of  S-ln.  pipe  at  a  cost  ot  11  eta.  per  foot,  maUns 
>  total  cost  for  pipe  ot  tlS- 

The  well  drUllne  machine,  a  aroall  one,  waa  hired  tor  the  work, 
H  r^ts.   -oer    hour   belni;   paid  for  the  uae  t>t   the   machine  EUid  the 
lervlceB  of   the  man  to   run  It.     One   laborer  BMlned   thla  man   In 
ibillInK  the  wclL     Record  waa  not  kept  ot  the  fuel  used. 
The  coat  waa  sa  follows: 

TI  hours'  use  ot  machine  at  tO.tO ttZ.SO 

■9   hour^  labor  at  10,20 13.80 

Eg  ft.  3-ln.  pipe  at  T0.32 Ifi.OO 

Total     173.40 

This  Bivea  a  coat  per  lineal  foot  ot  well  ot  (T.t  eta. 

For  other  data  on  the  methods  and  costs  ot  sinking  wella  see 
the  index  under  "Well  DrllllnK." 

Coat  of  OHIIIng  Umestons  With  Well  Driller,  For  a  Quarry.t— 
There  baa  been  some  demand  In  laree  blastlnK  Work  tar  a  well 
driUlng  machine  operated  br  electric  power  Instead  ot  by  the  usual 
boder  and  engine.  Where  blasUng  operations  are  conducted  Within 
city  limits  some  Inconvenience  and  a  lar^B  Item  of  expense  are  rep- 
resented in  providing:  a  licensed  engineer,  as  required  by  law,  tor 
eaph  separate  steam  driven  machine.  There  Is  also  economy  In 
generailns  all  power  at  a  central  plant  In  some  locations  also 
It  is  hnpoaaible  to  use  a  boiler.  To  meet  these  dlfflcultlea  some 
contractorB  have  operated  a  number  of  drillers  from  one  centrally 
located  steam  or  compressed  air  plant  carrying  pipes  to  the 
several  machines.  These  last  plans,  however.  Involve  the  constant 
raying  of  steam  or  air  lines  with  bother  and  loss  of  power  from 
eondensatlons;  leakaKa.  etc.  To  obviate  these  and  other  diead- 
Tan  Cages  connected  with  the  steam  machine  as  used  In  certain 
dasMs  of  work,  the  Keystone  Quarry  Drill  Co.,  Beaver  Palls,  Pa., 
has  designed  an  electric  driven  machine  and  one  of  these  has  now 
been  at  work  for  some  time  In  the  Belleville,  tit.,  quarries  of  James 
A  A.  a  Clauehlin,  of  Chicago,  III.  The  fallowing  data  relate  to 
this  machine  and  Its  work: 

The  machine  Is  eaulniied  with  a  lO-hu.  soeclally  seared  motor 
placed  aver  the  rear  truck  and  belted  to  the  drilling  mechanism, 
Thicb  la  back  geared  and  balanced  so  as  to  run  lightly  and  smoothly. 
The  controller  box  Is  located  at  the  front  ot  the  machine  close  to  tho 
ilmier's  hand.  The  drilling  tools  comprise  a  stem  weighing  about 
I.HO  Iba,  a  drill  bit  weighing  lEO  Iba,  and  a  rope  socket  welnhing 
•bwit  60  Iba,   or  about  l.SOO  Iba  together.      The  bit  cuta  a  6S-ln. 
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hole  BDd  the  1(801  la  BK  la*.  In  Olameter  uid  13  ft.  lone.  Am  tb« 
atroks  ta  from  10  to  3A  Ins.,  a  blow  of  from  S.OdO  to  1.500  ft  Iba.  la 
obtained  at  each  atroke.  The  machine  la  built  witfa  gear  hoist, 
CftD&city  EDO  ft,  or  with  frIcUoD  holat,  capacity  15D  It.  The  makers 
oonalder  the  latter  style  of  machtoe  protMbly  the  beet  for  lauarrT 
and  rock  cut  work  where  the  tools  are  beloK  constantljr  raised  and 
lowered  as  In  tamping  a  charge,  and  where  the  boles  will  rarely 
exceed  lliO  ft.  In  deptb.  This  mHchlae  la  made  with  a.  tractli^ 
attachment  for  self  propulsion  If  desired;  while  It  Is  Impracticable 
to  move  the  machine  over  great  distances  by  tbla  means,  on  account 
of  carrying  along  the  electric  feed  Wlreit  for  short  moves  from  hol« 
to  hole  or  from  one  side  of  the  quarry  to  the  other  It  has  bean 
found  to  be  of  great  advantage. 

In  operating  at  the  full  speed  of  the  motor  the  Cools  moke  at>out 

00  strokes  per  minute.  As  the  hole  becomes  deeper  or  clogged  witb 
cuttings,  before  sand  pumping,  the  rapidity  of  the  stroke  Is  grad- 
ually reduced  to  say  SO  strokes  per  minute  In  order  that  the  cutUng 
bit  may  deliver  Its  blow  with  best  effect.  This  change  of  v>eed  la 
produced  by  reducing  the  apeed  of  the  motor. 

Besides  doing  the  drilling  this  machine  Is  used  for  loading  Che 
holes.  For  this  service  the  regular  drilling  bit  Is  removed  and  In  Ita 
place  a  wooden  rammer  Is  placed  on  the  drill  stem.  From  6  to  8 
sticks  of  dynamite  having  been  dropped  Into  the  hole  the  drilling 
tool  Is  lowered  after  them,  forcing  them  to  the  bottom.  The  tools 
are  then  withdrawn  and  the  operation  repeated  until  all  the  charge 
Is  placed.  The  placing  of  the  firing  cap  and  wires  and  the  tamping- 
are  done  by  hand. 

At  the  James  A  A.  C.  O'Laughlln  quarry  limestone  la  being 
drilled  and  blasted  for  crushed  stona  The  machine  was  fumiahed 
by  the  makers  on  the  guarantee  to  drill  to  a  depth  of  60  ft.  nt  the 
ratb  of  40  ft,  per  lO-hour  day,  or  4  ft.  per  hour.  In  the  testa 
made  on  delivery  of  the  machine  the  following  records  were  ob- 
tained:   The  machine  was  aet  up  on  June  G  at  G  o'clock  and  ran  for 

1  hour,  drilling  9  fL  of  hole.  From  the  following  Uonday  morning 
until  Friday  forenoon,  something  over  4  days,  working  10  hours  a 
day.  four  it  ft.  holes  or  ZS4  ft.  of  hole  were  drilled.  In  the  follow- 
ing week  four  boles  106  ft  deep  or  410  .l.  of  hole  were  drilled. 
These  flgurea  are  furnished  by  the  Keystone  Quarry  Drill  Co.  In 
a  letter  to  ua  the  Jamea  A  A.  C.  O'l^ughlln  Co.  stats  that  In  actual 
work  the  machine  la  averaging  40  ft  of  EH-lo-  hole  per  10-hour 
day,  and  la  giving  good  satisfaction.  The  dally  operating  expenses 
are  as  follows : 

One  drill  runner  at  tS.KO 12. EO 

One  helper  at   »! 2.00 

Cost  of  electric  current t.OO 

Oil.  drill  sharpening,  etc l.tO 

Total  per  day I800 

This  gives  a  coat  per  foot  at  hole  drilled  of  tO  cts. 
In  a  blast  of  four  5%-ln.  holes  84  ft  deep,  the  charge  consisted  of 
E.EOO  Iba    of  dynamite  packed  solidly  In   the  holes  to  Within   iS   ft 
of  the  top  and  then  tamped  with  screenings.     The  quarry  manager 
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cMtmated  that  20.000  cu.  jO*.  of  atoDe  ware  thromi  down  by  tbU 
HUM.  The  bi«aBt  waa  lOG  ft.  hlsb,  and,  a»  will  b«  wsn,  the  bolai 
were  put  down  only  ab«at  luUI  way.  Id  recent  work  ttta  bolas  have 
beao  drUled  the  fuU  d^th  of  the  breaat. 

Cwt  of  DrilllnB  Rack  With  ■  Wall  Drllllns  Machlna.*— The  tol- 
lawlDs  la  a,  rocord  at  aoma  holsa  drilled,  and  the  ooM  of  drllllns 
ihan,  at  MuaaellabeU  and  Bounduo,  Montana,  for  the  Republic  Coal 
Co.  of  Chlcaxo.  IIL 

The  work  waa  done  with  a  No.  i  Crclone  drill,  manufactured  by 
tbe  CvcloiM  Drill  Co..  of  OrrvlUc^  Ohio.  The  machine  wae  eQuipped 
with  hollow  rod  tools.  This  machine  Is  meant  to  drill  holea  from 
tW  to  100  It.  deep ;  It  l>  equipped  with  a  T-hp,  enslne  run  with 
neoUne.  Holes  fnun  23  ft.  to  SIT  fL  were  drilled.  The  bits  used 
>ere  Z  Vt  Ins.  Two  men,  the  drill  runner  and  a  helper,  ware  em- 
Pkij^cd  on  the  machine.  The  work  waa  done  In  proapactlng.  The 
nconl  of  each  hole  Is  slven  In  the  table. 

RmcoED  or  Holis  DaiixaD. 

Hole  No.             Depth.  per  shift.  Hatarlal. 

1  331  ft.  Tin.  39  ft.  1  In  Shale   and   sandstone. 

2  Z»3ft.  IS  ft.  Tin.  Shale  and  sandstone. 
1  2x1ft.  4TfL<ln.  Shale  and  sandstone. 

*  3(7  ft  49  ft  Tin.  Shale  and  sandstone. 
B  103  ft.  SI  ft  6  In.  Shale   and   sandstone. 

•  Z»T  ft  42  ft  e  IQ.  Shale  and  eandatone. 
T               36  f  t.  «  In.  62  ft  Soil  and  sravel. 

g  23ftinn.  32  It.  Soil,  srav el.  shale. 

3  51  ft  Sin.  IT  ft  8  In.  Boll,  gravel,  shale. 

10  ZT  ft  3  In.  31  ft  Boll,  gravel,  shale. 

11  63  ft  6  In.  3D  ft  Soil,  gravel,  shale. 

12  ElTft  3E  ft  II  In.  Shale  and  sandstone. 

13  463  ft  ET  ft  6  In.  Shale  and  aandstone. 

Total. .  .2.885  ft  4  In.  41  ft  10  In. 

la  all,  69  dare  wero  worked,  making  the  average  nearly  42  ft 
drilled  per  10  lb.  shift,  as  shown  In  the  table. 

Tbe  coat  of  the  work  la  shown  below.  A  two  horse  team  waa 
used  to  haul  water  and  other  supplies^  The  machine  used  4  gals, 
of  gasoline  per  day.  It  will  b«  noticed  that  the  cost  of  the  team 
waa  nearly  GO  per  cent  of  the  total  coat 

Drill  Runner.  69  days  &  tZ.GO tlT2.eO 

Helper,    69   days  0  (2.00 133.00 

Teain,    69   dayset4.ao 2TS.0O 

276  gala  ganillne  @  12  cents 33.12 

Total     1619.62 

lUa  gives  a  cost  of  21  4  cents  per  ft  of  hole.  To  this  should  bo 
added  an  allowance  for  olant  and  auperlntendence.  It  will  be 
Botked  that  some  of  the  holea  are  very  ahatlow,  thua  necessltatbig 
frequent  moves  of  the  machine. 

Ceat  of  Drilling  Copper  Ora  WIUi  Well  Drlllers-t— The  following 
coats  on  drilling  and  blasting,  and  tbe  method*  of  raining  copper  ore 
*lth  a  steam  shovel  at  the  Copper  Flat  Mines  In  Nevada,  are 
.    alMracted  from  "Mlnea  and  Minerals." 

•B%plmeartnp-Contr«ettHg,  Nov.  18,  1908. 

tffBffaeartatf-Contraotiiiir,  8^t  9,  1908. 
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Th«  on  Ilea  In  a  flat,  and  Is  estimated  to  be  mot«  tbui  100  ft.  In 
depth,  tbe  ore  occurriDg  In  a  porphyry.  It  Is  capped  with  earth  and 
rock  to  A  deptb  at  about  BI  tL  Thla  atrlpplns  and  the  ore  are 
worked  In  trenches  SO  (t  deep. 

C<Mt  of  DriliinB, — The  holes  are  put  down  by  two  Kejratone  No.  S 
tiactlon  drills;  owned  by  the  mining  company  and  kept  continually 
at  work  drilling  to  loosen  ^ound  (or  the  iteam  shovels.  The 
Keystone  No.  G  machine  Is  built  specially  for  mineral  proapectlns 
and  mine  work,  It  being  the  larseit  machine  made  by  the  Keystone 
Driller  Co..  of  Beaver  Falls;  Pa.  The  boiler  Is  mounted  on  the 
same  trucks  with  the  enclne,  and  the  machine  Is  propelled  on 
traction  wheels.  The  engine  Is  14-hp.  The  derrick  Is  34  It  high. 
The  machine  welgiis  lE.OOO  Iba  and  costs,  without  tools  or  equip- 
ment,  I1.3TS.      This  machine  will  drill  boles  from  1,000  to  l.iOO  ft. 

The  drills  use  a,  B%-ln.  bit  which  gives  a  hole  about  t%  Ins. 
In  diameter,  and  the  holes  are  put  down  to  a,  depth  of  about  10 
ft  The  holes  are  spaced  on  3G-fL  centers  and  are  back  from  the 
breast  of  the  beach  40  ft  This  Is  the  usual  qMcloKl  however. 
Where  bard  Riasses  of  tough  carbonate  ores  are  encountered,  holes 
are  about  IE  ft  apart  and  15  ft  from  the  breast.  Each  maohtns 
requires  a  driller,  who  Is  paid  t4  per  day,  and  an  assistant,  who  la 
paid  fS  per  day.  Nine-hour  shifts  are  worked.  A  00-ft  hole  is  put 
down  In  two  shifts,  or  18  hra,  thus  S  ft  and  G  Ina  of  hole  Is  drilled 
per  hour.  For  each  bole  the  holler  hums  1%  cords  of  wood,  costing 
ft  per  cord.    The  cost  of  drilling  one  60  ft  hole  Is  as  fallows: 

Driller,    2    days t  8.00 

Assistant,   2   days 6.00 

Fuel    10.00 

on  and    waste O.Gt 

Extra  parts,   repairs,  renewals i.lS 

Bope  wear  per  hole 3.G0 

Estimuled  interest  and  deprecUitlon S.OO 

Total    *Si.lO 

TWb  gives  a  coat  per  lineal  foot  of  hole  aa  follows: 

Per 
lln.fL 

Labor    ta.Zt 

Fuel 0.1? 

OH  and  waste 0.01 

Repairs  and  renewals 0.04 

Rope   wear 0,  OG 

Interest  and  depreciation 0.01 

Total    10.63 

Cost  of  Bloating, — In  blasting  any  mateilal  llic  amount  of  ex- 
plosives used  naturally  varies  with  the  location  and  depth  of  boles 
and  with  the  hardness  of  the  matorlala  However,  the  average 
amount  of  explosives  used  tn  this  work  was  obtained,  and  was  as 
follows:  The  boles  were  vrung  with  two  GO-lb.  boxes  of  40  per 
cent  dvnamlte.  costing  (IE. 40  for  100  lbs.  Then  the  hole  was 
reamed  out  and  from  20  to  30  kegs  of  black  powder  were  used  In 
the  biHst  the  avemge  being  2G  kegs  or  E!E  Iba.  oostlng  ti.2G  per 
keg.    This  gave  a  total  cost  for  explosives  of  t7],6S. 
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Anomius  that  a  block,  35x40x60  ft.,  la  broken  by  the  hole,  we 
tB.«t  a  total  at  3.111  cu.  yia.  at  m&terlHl  moved  by  the  black  powder 
per  cu.  yd.  ol  material,  or  0.23  lbs.  of  exploilves  per  cu.  yd.  tar 
tolh  sprlnglDK  and  blBStlns.  This  IR  a  very  nnEtll  unount  of 
powder  to  be  uaed  Cor  rock  blantlng.  The  total  cost  per  cu.  yd. 
Air  drllltng  and  blasUus  waa : 

Per  cu.  yd, 

DrllllDK    (O.OIO 

Blastlne    0.023 

Total    10.03 J 

Thla  coat  of  3ii4  eta  per  cu.  yd.  !■  very  low  tor  the  hard  materlaL 
On  the  other  hand,  for  the  earth  capping  this  coat  la  a  little  high ; 
boaever,  tho  coat  Klven  Is  an  average  for  the  two  materlala 

Steam  Slumel  Woric. — Three  >S-ton  aad  one  TO-ton  Bucyrua  ateam 
Aoreli  ara  uaed  to  load  (he  blnsled  material.  The  dippera  are 
equipped  with  manssneae  ateel  teeth,  the  repair*  on  them  being 
very  light.  The  ahovetB  load  the  itrtpplng  Into  two  wayalde  dump 
care  of  3^  cu.  yda  capacity.  The  trains  are  pulled  by  4E-ton 
locooioUves.     Ten  cara  make  up  a  train. 

The  ore  l>  loaded  Into  EO-ton  bottom-dump  can  for  direct  trans- 
portation to  the  concentrator.  The  ore  Is  hauled  by  the  railroad 
company  and  not  by  the  mining  company.  Exact  records  of  the 
coat  of  the  steam  shovel  work  are  not  available,  but  the  work  done 
by  them  In  the  Hrat  six  months  shows  that  the  cost  la  much  less 
than  other  methods  In  vogue  In  that  part  of  the  west,  the  saving 
being  enough  to  make  profitable  the  mining  ot  low  grade  ores  with 
Ihia 'method,  when  It  la  not  poasible  to  make  a  profit  on  MgMr 
grade  area  with  other  methoda 

Com  or  Tunneling,  Shaft  Sinking  and  Mining,  Cross* RvfsrancM. — 
Data  on  these  subjects  will  be  found  In  the  following  sections  of  this 
book:  Railways,  and  Sewera  Consult  the  index  under  "Tunnels," 
"Sbafta"    Consult  OUlette's  "Rock  Excavation." 

Coit  of  Subaqueous  Rock  Excavation. — On  Jobs  of  size  sufllclent 
to  warrant  the  Installation  of  a  good  plant  the  coat  of  drilling, 
blasting  and  dredging  rock  of  the  contriaUncr  of  hard  limestone 
anrages  about  fi.EO  per  cu.  yd.,  although  I  have  records  of  work 
where  the  actual  cost  (Including  plant  repairs.  intersBl,  and  depre- 
dathiD).  was  less  than  (S  per  ca  yd.  For  discussion  of  methods 
■ad  for  coat  record^  ses  my  book  on  "Rock  Excavation." 

Cosu  of  Chamber  Blasting.— By  this  method,  one  or  more  small 
hnmels  are  driven  Into  the  face  of  a  rock  hill  that  Is  to  be  quarried. 
Generally  such  a  tunnel  runs  In  not  more  than  EO  ft.  and  then  It 
branches  rl^t  and  left,  forming  a  T.  Heavy  charges  of  black 
powder  or  of  Judwin  are  placed  In  the  branches  of  T,  and  Bred. 
As  much  as  SGO.OOO  tons  of  rock  have  thus  been  shattered  at  one 
blast.  Costa  as  low  as  3^  cts.  per  cu.  yd.  (solid)  are  on  record 
for  breaking  rock  In  this  way.     Bee  Qlllettes'   "Rock  Excavation." 

A  similar  method  has  often  been  used  on  a  smaller  scale  for 
blasting  hardpan  that  was  so  full  of  boulders  as  to  make  drilling 
very  expeDBlveL 


SECTION  IV. 
ROAPS,  PAVEMENTS,  WALKS.  ETC. 

Oeflnltloni. — A.9p^aU  Pavtmenli. — In  tb«  broad  nnac  M  Ui* 
term,  an  asphaJt  pavement  la  any  pavement  composed  ot  mineral 
particles  cemented  together  with  asphalt.  This  deflnltloQ  locludeB 
ordinary  asphalt  pavement,  Bitullthlc,  Fetrollthlc  etc,  as  w«ll  as 
"oiled  roads"  ot  the  California  type,  also  "asphalt  macadam."  All 
these,  In  reality,  are  species  of  asphalt  pavement  Asphalt  pave- 
ment, however,  la  a  term  Bsnerally  used  In  a  narrower  sense,  anil 
applies  usually  to  a  class  ot  pavement  (sometimes  called  "slieet 
asphalt"  to  dlsllnKUlah  It  from  "asphalt  block"  pavement;,  tlie  wear- 
ing coat  of  whlcb  la  composed  of  sand,  limestone  dust  and  asphalt, 
mixed  hat  in  a  mechanical  mixer,  laid  upon  a  "blniler  course"  and 
rolled.  The  "binder  course,"  or  "binder"  Is  usually  a  thin  layer  of 
finely  broken  stone  mixed  hot  with  asphalt,  spread  upon  a  concrete 
base  and  rolled.  However.  U  is  frequently  the  practice  to  use  only 
a  "naphtlia  binder,"  which  is  merely  a  coat  of  what  might  be  called 
an  asphalt  paint  applied  with  brushes  to  the  surface  of  the -con- 
crele  base.  In  either  case,  the  object  of  the  "binder"  is  to  prevent 
the  asphalt  wearing  surface  from  creeping  along  or  peellns  away 
from  the  concrete  base. 

"Lake  asphalt"  is  an  asphalt  obtained  from  Trinidad  l^Ae,  or 
other  similar  deposit. 

A  "rocli  asphalt  pavement"  is  one  made  of  rock  whlcb  la  found 
In   deposits  tlial  are   Impregnated   with  asphalt. 

An  "asphalt  block  pavement"  Is  made  ot  blocks  or  bricks,  com- 
posed of  graded  sixes  of  broken  stone,  sandstone  dust  mixed  with 
asphalt,  and  compacted  In  a  block  machine  Under  great  pressure^ 
The  standard  size  for  blocks  Is  3x5x12  Ins.  (See  Peckham'* 
"Solid  Bitumens,"  p.  310.) 

fiarrel.— The  most  common  aiie  of  barrel  in  which  asphaltlc  oil 
Is  shipped  holds  42  gals.  The  standard  siie  of  tar  barrel  appears  to 
be  B2  gala 

Blue. — The  artificial  foundation  on  which  the  "wearing  coat" , 
of  a  pavement  resta  The  most  commonly  used  base  Is  concrete 
generally  6  Ina  thick.  The  word  base  Is  preferable  to  the  word 
foundation. 

Belgium  Blocfe  Pauemenl. — A  stone  block  pavement,  the  stonea 
being  rectangular  In  shape  and  of  a  else  about  S  x  6  x  14  Ina. 
although  varying  more  or  less,  except  In  the  matter  of  Ihickoeas 
which  Is  usually  8  ins.     Qranite  and  ■andstone  are  about  the  only 
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Unda  at  stone  used  In  America,  althouEh  trap  was  formerly  uaad 
to  a  cooalderablB  extenL 

Bern. — The  "aboulcler"  or  "wine"  of  earth  between  the  edze  of 
tlie  paved  part  at  a  couatry  road  aad  the  edge  at  the  ditch. 

Binder. — A  term  uaed  In  Mveral  Beneea:  (I)  The  screenlnii,  or 
nil.  used  to  blhd  a  maaLdam  road  together ;  <  i  >  the  "binder  coat" 
Iielween  a  concrete  base  on  an  asphalt  wearing  surface  (eea 
Ailitia.lt  Pavement)  :  (3)  any  bItumlDou*  material  uaed  to  bind  min- 
eral fragments  together. 

BitikHthie  Pavement. — A  weartnK  coat  compoMd  of  br<ricen  stone, 
land,  stone  dust  and  a.  bltuminoua  cement,  usually  asphalt,  mixed  In 
a  machlae,  and  laid  upon  a  base  of  concrete  or  other  mater^ 

Bitvtita*. — No  generally  accepted  definition  of  this  term  extsts. 
Feckhajn'a  "Solid  Bitumens,"  p.  SO,  contains  the  following:  "Bi- 
tumen, a  generic  term  Includlnjc  substances  occurring  In  nature.  In 
oatllowB  or  sprlngo,  and  In  veins,  as  natural  tnnammabte  gas.  fluid 
petroleuiD,  viscous  mnlthn  and  solid  asphaltum  and  aspbaltlte.  It 
also  occurs  saturating  and  mixed  with  limestones,  sandstones,  sand 
or  earthy  matter.  These  mixtures  are  called  BBphalte."  AsphaK. 
idtch.  tar,  etc.,  are  commonly  Included  In  the  generic  term  bitumen. 

Blind. — A  surfacing  of  screenings  or  gravel  on  a  macadam  road. 

Blind  Train. — A  trench  fllled  with  hroken  stone. 

Bloofc  Pavement. — A  pavement  made  of  stone,  brick,  wood,  or 
asphalt  blocks.  Vltriflod  bricks  of  large  slie  (31i  x  SV4  x  4  Ins.)  are 
called  "blocks."  to  dUtlngulsh  them  from  bricks  of  a  smaller  size 
(214i8»x4  Ins). 

Bottoming. — The  baae  □(  a  Telford  pavement,  consisting  of 
large  stones  set  on  edge  forming  a.  rough  pavement  On  this  "bot- 
toming" Is  laid  the  macadam  wearing  coat,  the  whole  forming  a 
Telford  pavement  or  road. 

Box  Cii)uert.~A  small  culvert  with  an  Opening  of  rectangular 
Shape.  Originally  such  culverts  had  rubble  masonry  sldewalls  for 
the  sides,  cobble  pavement  for  the  bottom  and  slabs  of  stone 
(~c<iverstone^->,  resting  on  the  sldewalla,  for  the  tiw-  Box  culverts 
are  now  made  entirely  of  concrete,  aa  a  rule. 

Sox. The  unit  of   measure  of  mixed   Ingredients  for  an  asphalt 

pavement  1«  commonly  the  "box"  of  9  cu.  ft.  The  amount  of 
compression  of  the  mixture  used  to  make  an  asphalt  wearing  coat  Is 
variously  estimated  at  1/6  to  «.  Hence  a  fl-cu.  ft  "box"  of  mix- 
ture will  yield  714  to  6  cu.  ft  of  compacted  wearing  coat,  which 
Will  make  E  to  t  sq.  yds.  of  wearing  coat  i  Ins.  thick— 6  sa.  yda 
if  the  shrinkage  Is  only  le^li  :  1  sq.  yda  if  the  shrinkage  Is  3SU% 
under  the  roller. 

Brick. — VltriOed  paving  brick  are  made  of  selected  clay  or  shale 
bnraed  so  as  to  produce  an  exceedingly  hard  and  tough  brick. 

Broke*  Stons. — Stone  that  has  passed  through  a  rook  crusher  (or 
ba*  been  broken  to  small  size  with  hammers),  also  called  "crushed 
Moae."  When  It  has  not  been  screened  Into  different  sUee.  It  Is 
oUIed  "Vun  of  cniriier,"  or  "crusher  run."  The  smallest  sHe.  gen- 
•islly   U  or  W  down  to  dust.  Is  called  "screening 
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1  road  !■  called  a.  "broken  atone  road,"  but  the  term  nui' 
cadam  IB  preferable.  Broken  stone  le  •Dmetimes  called  "ballaat," 
which  1b  only  objectionable  because  of  possible  confusion  with  th« 
ballaBt  of  a  railway  truck. 

Catch-Wattr. — A  broad,  shallow  paved  ditch  across  a  road  built 
on  a  steep  srade.  for  the  purpose  ot  diverting  surface  water  to  etde 
ditchea  In  climates  where  snow  accumulatea.  giving  a  sharp 
crown  to  a  road  does  not  serve  sufflclently  well  to  divert  the  met  tins 
enow  to  the  side  ditches.  Hence  the  use  of  catch-waters  on  steep 
grades  where  melted  snow  would  follow  the  wheel  tracks  down  the 
center  of  the  road  and  do  damage  to  Its  surface  If  not  diverted  at 
short  Interval  a 

CemanI  Curb. — A  curb  made  of  concrete  faced  on  the  front  and 

Cement  Walk. — A  footway,  or  walk,  bavins  a  concrete  base  and  a 
cement  mortar  wearing  coaL 

Coat  Tar, — See  Tar. 

CobblettoriB  Pavemertl.^A  pavement  Of  rounded  cobbles.  Seldom 
used  eicept  for  paving  gutters. 

Cardurap. — A  crude  road  made  of  spilt  or  round  logs  (usually 
about  B  Ina,  diameter)  laid  side  by  side,  not  unlike  railway  ties 
spaced  so  close  as  to  touch  one  another.  For  a  cheap  road  over 
marshy  ground,  the  corduroy  road  Is  often  used  In  a  timbered 
country. 

Cauer  Atone  — Bee  Box  Culvert. 

CreoMted  Wood  it locli.^ Dried  timber  blocks  Impregnated  with  oil 
of  creosote  (dead  oil  of  tar),  1(  to  20  Iba  of  oil  per  cu.  ft.  ot  tim- 
ber.   CTreosote  weighs  S.S  lbs.  per  gal. 

Crosdttir. — A  footwalk  across  a  street,  usually  made  of  ston« 
slaba 

Crown, — The  arch  or  camber  of  the  surface  of  a  road  or  street : 
the  transverse  profile  of  a  roadway. 

Crti*h»d  Slant. — See  Broken  Stone. 

Crueller  Run.— See  Broken  Stone. 

Culvert. — A  waterway  under  a  roadway.  See  Box  Culvert- 
Curb. — A  miniature  retaining  wall  at  the  outside  of  a  sidewalk 
and  forming  one  Bide  ot  the  gutter ;    an  edge  atone. 

Cuahion. — A  thtn  layer  of  sand  or  ■creeninsa  under  the  Wearlns 
coat  of  blocks  (stone,  brick,  etc.). 

CiuMon  Coat. — A  coat  of  H-ln.  of  aaphaltlc  mixture  upon  which 
the  wearing  or  surface  coat  of  an  asphalt  pavement  is  laid.  Now 
replaced  by  the  "binder  coat."     See  Asphalt  Pavement. 

FlaggiHo.  or  Flag  Stout. — A  thin  stab  of  stone  tor  a  crosswalk 


Foundation. — The  base  (usually  of  concrete)  which  supports  the 
wearing  coat  of  a  pavement :  also  cinders,  gravel,  broken  alone, 
or  ihe  like,  under  a  cement  walk.  It  Is  preferable  to  use  the  word 
base  when  tpeaking  of  the  concrete  foundation  of  a  pavement. 

aaft. — The  "track"  of  wagon  wheels,  measured  from  center  to 
center  of  the  tires;   usually  1  ft,  8  Ins.  to  5  ft 
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ffoBoK.— The  n.  8.  vOlon  conttiliw  SSI  eu.  Ina.  =  O.lIteB  cu.  ft 

A  en.  It.  contain*  7.48  (aU     A  stdlon  of  water  welslu  8.34  Iba.; 
I  ar  1  lb.  of  nater  =  D.IZ  gaU.    See  BaireL 

Oroda. — The  rate  at  oer  cent  of  rlae  or  fall  of  the  lonsttudlnal  , 

fcMa  of  a  road.     A  1%  K^de  meens  a  rlae  of  1  fl.  vertical  In  100 
I  ft.  bdriioDiaL    Qrade  ij  alao  a  verb,  meaning  to  excavate  or  Oil  to 

■radeUiiea. 
fifodcr. — A   "road  machine"    bavins  a   steel   blade   for   leveling, 

KtvIdk  or  "drlfluiK"  earth.     The  word  "grader"  Lb  also  applied  to 
I  u  'elevating  giader,"   a  machine   having  a  plow   that  casta   [he 

I  Mitb  upon  au  unuicBB  belt  which  elevates  the  earth  Into  a  wagon 

ItavdliiE  aiunKBl^e,  or  depoalts  It  In  an  embankment  alonsside. 
I  GranalftAio   IfaJJb.— A  cement  walk  whose  aurface  coat  oontalna 

I  BiiBly  broken  sione. 

1  Qna*    Hqitare. — An   area   of    10,000    aq.    fL    (or    100    "iquareB"), 

MMnetlmea  uaeu  aa  the  unit  of  street  aweeplng.     It  Is  preferable  to 

iMalD  the  old  unit  of  1,000  aq.  yda  for  that  purpose,  alnue  the  sq. 

li.  Is  the  unit  of  Ilrst  cost  of  pavements. 
OrtWI. — A  flowing  mortar,  elthec  of  pure  cement  and  water,  or  of 

cement,  sand  anu  water.     Commonly  used  for  filling  the  JolntH  of 

Ihick  pavement ;  also,  la  some  places,  tor  filling  Joinu  ol  Belgian 
Uoek  pavement. 
«™i).— To  remove  roota  and  Stumpa 

Oiard  Baji. — A  fence  along  an  embankment,  or  a  bridge,  to  pre- 
vent vehicles  from  running  over  Ita  adge. 

Solwood  Block. — A  paving  brick  mad*  of  "mica  shale."  day  and 
BDd :    tiaa,  3x4x9  Ins. 


Set  Btuff. — The  hot  mixture  of  sand,  atone  dust  and  ajqihalt,  used 
tar  mamng  an  aaplialt  pavement. 

Ltveier. — A  machine  somewhat  similar  to  a  "road  machine,"  but 
■BDdi  maUoT ;  used  for  leveling  earth  subgrades,  also  for  leveling 
or  qireodlng  the  broken  stone  tor  a  macadam  road. 

MaeadaiR. — a  pavement  made  of  graded  ^les  of  broken  stone 
luU  together  by  the  mineral  colloIdB  of  the  stone.  This  "mineral 
llue  or  Jelly,"  oa  the  colloids  may  be  called.  Is  not  visible,  and  Its 
binding  action  was  not  recognised  until  the  recent  Investigations  ol 
Cwtiman.  Chemist  ol  the  OfBce  of  Public  Roads,  U.  B.  r>ept.  of 
Agricoltnre, 

Aiphmt  macadam  la  a  macadam  In  which  the  binder  Is  asphalt. 


Manic — A  mixture  of  bituminous  limestone  and  refined  asphalt, 
fsn&erlr  much  used  for  sidewalks. 

ITMal. — The  broken  stone  used  for  macadam ;  often  called  "roAd 
•BMaL'     Perhaps  a  better  term  is  ballast     At  least  it  is  no  more 


262  HANDBOOK   OF  COST  DATA. 

Iflls.— 5,EgO  ft.,  l,T$a  lln.  yds.  A  mils  Ions  and  10  ft.  wide  con- 
tain! G,866^  aq.  yds.  =  1.Z1Z1S+  acres.  A  mile  Ions  and  II  ft 
wide  contains  S.38S.7  sq.  yda 

1  tnlle  ions  x  10  ft.  wide  x  1  In.    deep  =^     162. !l<    cu.  yds. 
I  mile  long  X  ID  ft.  wide  x  fl  Ins  deep  =      ST7.TI     cu.  yda 
1  mile  lODK  X  1(  ft  wide  x  1  In.    deep  =     2S0.TST  cu.  yds 
1  mile  Ions  x  IS  ft.  wide  x  i  Ins.  deep  ^  1,042.>S    cu.  yda 
1  mile  long  x  1(  ft.  wide  x  t  Ins  deep  =  1,EB4.<2    cu.  yds. 
Oiled  Road.^-An  earth  road  qtrlnkled  with  asphaltlc  oil  so  as  to 
form  a.  crust  of  mineral  matter  bound  tosettier  wltti  asphalt     This 
Ih  the  "surface  oiled  road"  originally  developed  In  California,  but 
Breatly   Improved   in    recent   years   by   mechanical   mixing   of   the 
a^haltlc  oil  with  the  soil  to  a  depth  ot  several  Inches  and  com- 
pacting with  a  rolling  tamper. 

Pavement. — A  floor-tike  covering  built  upon  the  soil  to  fonn  a 
flrm,  unyielding  roadway  tor  wheeled  vehicles  and  aninutls. 

This  definition  Includes  any  artllldal  highway  covering  built  upon 
«n  earth  subgrade.  from  the  cheapest  "gravel  road"  to  the  roost 
expensive  granite  block  pavement  English  engineers  have  been  In 
the  habit  of  not  calling  macadam  a  pavement  but  as  macadam 
performs  every  function  that  any  pavement  performs,  there  is  no 
logical  reason  for  excluding  It  from  the  list  of  pavements. 
Bvery  pavement  has  three  functions  to  perform: 

(1)  Distributing  concentrated  wheel  loads  over  the  earth  sub- 

(2)  Roofing  the  earth  subgrade  so  as  to  prevent  Its  saturation 
with  water. 

(3)  Giving  a  hard,  clean,  smooth  (but  not  slippery)  surface  that 
reduces  rolling  friction. 

PavemeniB  generally  consist  o(  two  parts,  (1)  a  "base"  Which 
performs  the  function  of  distributing  the  wheel  load,  and  (2)  a 
wearing  coat  which  sheds  rain  and  provides  a  durable.  Bnooth 
surfnce.  The  wearing  coats  commonly  used  for  road  and  street 
pavements  may  be  divided  Into  8  types : 

Type  1.  Oranular  minerals  bound  with  mineral  glue  (or  mineral 
Jelly). 

Type  2.     Granular  mineral  bound  with  bitumen. 

Type  3.    Granular  mineral  bound  with  Portland  cement 

Type  4.     Stone  blocks. 

Type  G.     Wooden  blocks. 

Type  9.      Brick. 

By  the  term  "granular  mineral"  we  mean  fragments  Ot  mlner«l 
matter  of  any  else  from  dust  up  tj>  fragments  ajt  large  as  hen^ 
eggs,  or  even  larger,  whether  the  fragments  have  been  produced 
nrtlflclally  by  crushing  or  pulverising,  or  by  the  forces  of  natura. 

By  the  term  "mineral  glue"  we  mean  the  "colloids"  which  Cush- 
man  has  proved  to  be  the  cementing  element  Of  rock  dust,  wldcb 
causes  macadam  to  bind,  and  to  which  the  "sticky"  properties  at 
clay  are  attributable^ 
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Tnw  1  inclndea: 

(a>     Sand-clay  road*. 

(b)  Gravel  rotuts. 
(c>     Shell  roadi. 

^pe  t  Includea : 
la.}     Oiled  roads. 
<b)     Tar  macadam,  or  tar  coacrete. 

(c)  Aaphalt  macadam,  or  asphalt  coocrete. 

<d>      Asrhalt  pavement.    (1)   sheet  and  (2)  block, 
(e)      Bltullthlc  pavement. 
<f)       Petrollthic  pavement. 
Type  3  Includea; 

(a)  Coiicrete. 

(b)  Ma/Hi rtam  frouted  wIth  Cement  (HaBsam  pavement). 
Trpea  4,  E  and  •  are  oelf  explanatory. 

Pavers. — Men  who  lay  pavlnB  blocks;  also  the  blocks  tbeoiselvea, 
particularly  the  small  size  paving  bricks  (2^  x  8^  x  4  Ina),  as  dla- 
UnxUshed  from  the  large  slie  called  "blocks"   (2^x8^x4  ln&). 

Paving  Ctment. — A  mixture  of  asphalt  car  and  still  wax. 

FelrolUliU!  Pavement — A  pavement  made  ol  mineral  matter 
(soil,  broken  stone  or  the  like)  mixed  with  a  bituminous  binder 
<asiilialt]c  oU>or  lar)  and  compacted  Into  a  unltorftily  dense  mass 
with  a  rolllDK  tamper  (a  roller  provided  with  projecting  tampers; 
leet  or  '*spuds").  Where  the  traOlc  Is  light,  natural  soil  Is  plouglied 
up.  pulverised  and  mixed  with  asphaltlc  oil.  using  a  road  machine 
and  a  "cultivator"  tor  mixing.  Then  II  Is  tamped  so  as  Co  form  a 
pavement  1  to  S  Ina  thick.  Where  the  traffic  Is  heavier,  the  pave- 
ment base  la  made  of  the  natural  sail  as  Just  described,  but  a  wear- 
ing coat  Is  provided,  consisting  of  broken  stone  or  gravel  of  graded 
slies  mixed  with  the  bituminous  binder  and  tamped  so  as  to  form 
■  layer  2  to  4  Ina  thick.     This  Is  often  called  Petrollthic  macadam. 

Pitch. — Any  tar  or  asphalt,  or  mixtures  of  the  same,  may  be 
called   pitch.      The   tcnn   1*   not    definite.      See   Peckham's    "Solid 


Profile. — The  line  of  Intersection  of  a  vertical  plane  with  the 
earth's  surface:  ordinarily  applied  to  the  longitudinal  profile  of  the 
erouDd  over  which  a.  mad  Is  to  be  built  The  transverse  profile  Is 
the  cross-section. 

BaoeL — When  the  stones  of  a  macadam  road  are  displaced  by 
trafllc.  It  Is  said  to  "ravel." 

Bight  of  Wap, — The  land  owned  by  the  public  for  highway  pur- 

Boad. — Id  America  the  term  rood  1*  applied  only  to  cotmtry  hlgfa- 
waya    io  England  It  la  applied  also  to  city  streets. 

BoMd  MaoMM. — See  Grader. 

ilOOd  OfL'-'A  bituminous  (generally  asphaltlc)  oil  for  sprinkling 
on  a  road  to  lay  the  dust 

Am  ot  Crii»h«T.—86e  Broken  Stone. 

RoUer. — The  ordinary  eteam  roller  Is  a  10  to  IS-ton  looomotlva 
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with  broad-tired  wheel*.  A  eorruKated  roller  !■  senerally  a  horse- 
drawn  roller  havloc  aeveral  rolliiuc  tUecii  on  cbe  (oine  axle,  aioce 
of  large  aod  muUl  dlamacer  altems.tliiK  >0  as  to  produce  a  "oarru-i 
SaMd"  appearance.  TMb  type  of  roller  li  auppoaad  to  be  more 
eUectlve  ttuui  a  smooth  roller  for  compactlnK  aarth  embaiikiiieata. 
A  tampliiK  roller,  or  rolling  tamper,  Is  a  roller  having  projecting 
taropera  (or  feet,  or  "BpudB")  wblcb  penetrate  the  looeensd  eartb 
and  b«gln  compacting  It  from  the  bottom  up. 

Baud  CiMAlon. — A  thin  layer  o(  sood  underneath  a  brick  or  block 
pavement.     See  Cushion. 

Acarlfir.— To  pick  up  or  looaan  old  macadam  preparatory  to  resur- 
facing It. 

iScreenMpf. — The  flue  product  of  a  rock  crusher,  usually  from  duit 
up  to  M.  to  K  In.  in  Blae.    See  Broken  Stone. 

Bhaptno- — The  proccH  of  giving  the  final  flnUhIng  to  a  RubgrBde, 
Including  the  rolling  uf  the  aubgrade. 

SAouMer.— See  Benn. 

Slope  Stake. — A  stoke  set  to  mark  the  toe  of  a  "fill"  (embank- 
ment) or  the  top  outer  edge  of  a.  "cut"    (excavation). 

Sprtader. — See  Leveler.  A  "epreuder  wagon"  Is  a  dump  wagon 
designed  to  discharge  Its  load  In  a  layer  of  uniform  thickness. 

Sgaare. — 100  eq.  f t. ;  e.  unit  of  area  occasionally  used  In  mea>- 
nrtng  pavements,  but  one  not  to  be  recommended '  now  that  the 
aq.  yd.  (9  sq.  ft.)  1>  the  common  unit.    See  Qreat  Square. 

Bubfirade. — The  graded  surface  of  the  soil  upon  which  a  pave- 

rur. — Coal  tar  Is  a  by-product  In  the  manufacture  of  coal  gas  or 
coke.     See  Barrel. 

Janilo. — A  reBhed  tar  especially  made  for  road  use. 

Telford. — A  pavement  consisting  of  a  baw,  or  "bottoming,"  of 
large  stones  set  on  edgc^  supporting  a  wearing  coat  of  ordinary 
macadam.     See  Macadam. 

Thank   Yov,  Ua'am.—A  catch-water.      See  Catch-Water. 

Ton Unless  otherwise  stated,  the  ton  of  2.000  lbs.  is  used  in  this 

book.  The  "gross  ton"  of  2,240  lbs.  Is  not  ordinarily  used  in 
America  as  a  unit  for  broken  stone,  asphalt,  or.  Indeed,  for  any  road 
or  street  material. 

Truodve  Rtetstance. — The  trictlonal  resistance  that  a  load  on 
wheels  otters. 

Wearing  Coat. — The  surface  layer  or  coat  of  a  pavement.  Sea 
PavomenL 

Wing*. — Se«    Berm. 

Wood   SloclC.— See  Creosoted   Block. 

Vitrified  Brick. — See  Brick. 

Vard. — When  the  word  yard  [s  used  In  reference  to  a  pavement, 
the  square  yard  (9  sq.  ft.)  Is  usually  meant.  The  lineal  yard  1b 
never  used  in  America  as  a  unit  for  road  or  street  work. 

Water  Table. — A  horlcantal  slab  of  concrete  or  Stone  forming 
the  Boor  of  a  gutter  next  to  a  curb. 
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Cr(Ma-R*fcr«nca«  to  Excavation  and  Rock  Cruthing,— SInca  the 
prtDdpal  lieniB  of  cost  of  «icaviitliig  earth  and  rocic  are  often  much 
Uk  Bune,  whether  for  a  road  or  for  a  railway,  1  have  given  moat  of 
[hg  data  on  excavation  In  the  £iarth  BxcavatloD  and  Eimbankment 
Section  and  in  die  Rock  Excavation  Section  of  this  book. 

The  cost  of  cruahing  rock  for  macadam.  coDcreta,  Or  other  pur- 
poaea,  la  alao  given  In  the  Rock  Excavation  Section.  3oma  examplea 
tt  the  coat  ol  grading  ro<idB  will  be  found,  however.  In  this  Road 
tud  Street  Section.     See  page  332. 

UnlU  UKd  in  Meaiurlns  Macadam,— Due  to  the  fact  that  ma- 
culun  la  meaaured  In  varloua  waya  by  diftarent  anglneera,  there 
baa  been  much  confualon  In  recordlns  coata.  Tbe  following  are 
aome  of  the  dUferenl  unlta  that  anglnBerB  have  uaed: 

(1)     Cu.  yd.  of  conaoUdatad  macadam,  meaaured  In  flnlahad  road. 

(t)    Co.  yd.   of  looae   atone.   Including  acreenluga,   meaaured   In 

(1)  Cu.  yd.  of  loose  atone,  measured,  on  the  road,  but  not  In- 
dadlng  acreentnga  or  binder. 

(*)    Sq.  yd.  of  conaoUdated  macadam. 

(S)     Sq.  yd.  of  looae  atoae  (aometlmea  excluding  acreenlnga). 

(I)  Ton  <uaually  3,000  Iba,  but  aometlmea  2,240  Iba.)  of  atone 
need  to  make  the  macadam,  uaually  Including  the  acreenlnsa  or 
Mnder,  but  not  always. 

In  view  of  the  great  uncertainty  aa  to  what  may  be  mecuit  hy  the 
(oiH'eaBlan  "cubic  yard  of  macadam"  or  "cubic  yard  of  atone^"  every 
wtlta-  Aonid  be  careful  to  tell  exactly  what  he  meana. 

Of  the  varloua  unlta  above  mentioned,  1  prctfer  the  flrat — the  cubic 
yard  of  competed  macadam. 

Hmrever.  the  ton  of  1,00)  Iba.  Is  often  a  convenient  unit  for 
■neaaurlng  the  material  in  a  macadam  road,  and  la  alao  likely  to  be 
BKd  eitenalvely.  When  the  ton  la  uaed  aa  the  unit,  care  ahould 
be  taken  to  give  the  weight  of  the  looae  broKen  atone  per  cublo 
yard,  BD  that  converalonB  can  be  made. 

Since  looae  broken  atone  conaoUdatea  about  10%  when  hauled  a 
^Bon  distance  In  a  wagon  or  car,  care  ahould  be  token  to  atate 
*here  the  measurement  of  volume  waa  made 

"«-"<—■  roada  vary  ao  greatly  In  thlckneas,  that  it  la  particular- 
ly desirable  to  uae  the  cubic  yard  of  conaoUdatad  macadam  aa  the 
DoJt  Instead  of  the  square  yard ;  but  the  thlckneaa  of  the  macadam, 
after  compacting,  ahould  alwaya  t>e  atated,  for  the  per  cent  of 
aaveninga.  or  binder,  artea  with  the  thlckneaa,  and  the  amount  of 
rolling  is  leas  per   cubic  yard  for   thick  macadam  than  for   thin 


Itsma  of  Coat  of  Macadam,— The  follawtng  are  aO  the  Items  usu- 
ally Involved  Id  macadam  construction  done  by  &  contractor : 
Haterlala: 

Broken  stone   (coarse). 

Screenings,  or  binder. 

nel^t  (VI  atone  and  screenings. 

Tatar  for  nirlnkllng. 
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LoadlnK  stone  ajid  Bcreenlnss  Into  wagons. 

Hauling  stone  and  acreenintr"- 

Gpreadlns  atone  (coarse). 

SpreaillnE  KreenineB,  or  binder. 

RolUoB- 

Sprlnkllng. 

Foreman.  * 

Qeneral  BxpeoM: 

Superintendent,   watcbman.   waterboy.   ttmekeeper,   and   clerks. 
Insurance  at  workman,  etc. 
Supplies  and  Plant: 

Coal  for  roller. 

Oil  and  waate  for  roller. 

Interest,  depreciation  and  repairs  on  roller. 

Interest,  depreciation  and  repairs  on  wagons. 

Interest,  depreciation  and  repairs  on  small  tools. 
Id  the  foregoing  summary,  It  la  assumed  tliat  the  broken  stone 
and  screenings  are  either  purchased,  or  that.  If  Quarried  and  crushed 
by  the  contractor  himself,  [he  cost  of  quarrying  and  crushing  Is  kept 
entirely  separate  from  the  cost  of  building  the  macadam.  The 
reader  will  And  costs  of  quarrying  and  crushing  In  the  section  on 
Rock  Excavation  and  Quarrying. 

It  Is  also  assumed  that  the  grading.  Including  preparing  the  sub- 
grade.  Is  likewise  kept  separately,  tor  to  do  otherwise  leads  to  great 
confusion,  as  the  yardage  and  cost  of  grading  have  ao  relation  wlial- 
soever  to  the  yardage  of  macadam  and  Its  cost 

While  the  slie  of  each  particular  Job  should  be  recorded,  statins 
length,  width  and  thickness  of  the  compckcted  macadam,  writers 
only  contuse  thetr  records  by  giving  total  cost*  of  each  of  the  above 
Items.  What  a  reader  desires  Is  unit  coda,  that  is  the  cost  of  each 
Item  In  terms  of  the  cubic  yard  of  compacted  oiacadam  as  the  unit. 
Then,  If  the  writer  has  stated  the  total  number  of  cubic  yards  In- 
volved, ft  Is  a  simple  matter  of  multiplication  to  arrive  at  total  costs, 
should  anyone  desire  tolala 

Quantity  of  Stoni  snd  Binder  Requind  for  Macadam. —About  ten 
years  ago  I  called  attention  to  an  error  that  had  been  copied  In  text 
books  from  a  very  early  day  down  to  the  present,  namely  the  state- 
ment that  a  layer  of  loose  atone  t  Ins.  thick  can  t>e  oompacCed  under 
a  roller  Mil  It  is  t  ina  thick.  No  such  compression  Is  possible,  but 
It  often  happens  that  the  stone  Is  driven  1  to  2  Ina  Into  the  sub- 
grade.  On  a  hard  earth  aubgrade,  It  never  requires  more  than  1.3 
cu.  yda  of  coarse  loose  stone  (exclusive  of  the  screenings  or  binder) 
to  make  1  cu.  yd.  of  rolled  or  compacted  stone,  and  where  tiie  stone 
la  very  tough  the  "compression"  Is  even  lesa. 

The  percentage  of  binder  or  screenings  required  to  flII  the  void* 
In  the  rolled  atone  varies  somewhat  with  the  thickness  of  tho 
macadam.  To  aacerlaiti  l^e  thtckneaa  of  (Jle  coal  of  lereenlnga  iwo- 
eMarjt  to  fill  the  voids  in  Ike  rolltd  ttone,  divide  the  tMckneaa  of  ills 
rolled  alone  bp  4  and  add  M  Inch.    Thus,  for  a  S-in.  macadam  roail. 
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there  »lll  be  raqulred  (« -=-  4)  +  tt  =  1  6/8  Ins.  at  ocreealDga.  This 
li  squivaient  to  0.3  cu.  yd.  of  acreenlnKB  per  cu.  yd.  of  macadam. 
IberctDR^  to  make  a  cubic  yard  of  flnlahed  fl-ln.  macadam  re- 
mm  l.S  cu.  yd&  of  coarse  stone  and  O.I  cu.  yd.  of  acreenlnss,  or 
LI  cu.  yda.  measured  In  the  wasons  to  malce  1  cu.  yd-  of  comitacted 
■"—<—"      Stated  dUIerenUy: 

7.8  Ins.  of  looee  stone  (H  to  IM-ln.)  will  roll  to  8  Ins. 

LI  Ina.  of  acreenliiKS  (less  than  K-ln)  will  ail  volda     • 

3.t  ins.  of  loose  stone  and  screenlngB  wilt  make  6  Ina.  of  mocadEim. 

If  the  stone  welgtis  8,400  Iba  per  cu.  yd.,  we  nesd  1.B6  short  tons 
of  coarse  stone  and  O.SS  short  ton  ol  Bcreenlngs,  a  totai  of  1.9a  tons 
required  to  make  1  cu.  yd.  of  flniabed  macadam.  If  the  stone  Is  a 
beary  trap  rocli,  welKhIng  2,700  lbs.  per  cu.  yd.,  we  need  1.7S  short 
toaa  of  coarse  atone  and  0.41  short  ton  of  ecreenlngs,  a  tota.1  of  Z.I6 
torn  per  cu.  ydl  of  Onlshed  macadam.  This  eatlmate,  based  upon 
my  own  records,  checks  very  well  with  records  published  by  the 
UunchuBetts  HiKhway  Commission. 

On  i.C  miles  of  0-ln.  New  York  State  macadam,  1,600  cu.  yds. 
of  BcreeolnxB  were  required  to  bind  4,000  cu.  yda  of  macadam  rolled 
in  place.  'Rils  Is  equivalent  to  0.4  cu.  yd.  of  screenlnss  per  cu.  yd. 
of  ■"*"■■*•■".  or  a  depth  ot  S.4  Ins.  at  loose  screenings  to  bind  the 
■  Ins.  of  rolled  ma<»dain.  This  large  amount  was  due  to  the  specin- 
taUoD  requlronent  that  a  '*we«rlns  coat"  ot  screenlnsB  be  left  on 

Tte  contractor  Is  cautioned  asainsi  careless  enunlnatlon  of  road 
VeclUcatlons,  for  many  engineers  require  the  contractor  to  grade  the 
■ubeiade  exactly  to  grade  and  then  put  on  enough  stone  to  bring 
the  finlehed  macadam  up  to  the  established  road  groda  This  causes 
the  contractor  to  lose  all  stone  that  Is  driven  Into  the  subgrade  by 
the  roller,  which  in  sand,  or  in  soft  wet  clay,  may  amount  to  £  ina 
or  more  of  loose  stona 

Some  Bpeclflcatlons  also  foolishly  require  a  M-in.  "wearing'  coal" 
of  sereenlng*  to  be  left  on  the  finished  road,  and  this  also  amounts 
to  a  good  many  cuWe  yards  of  wasted  material  In  a  mil*. 

11m  roadmaker  wlU  do  well  to  carry  In  mind  the  following  data : 
A  bad  t  In.  thick.  Iff  ft'  wide  and  a  mils  lon^,  contains  la  cu.  vd». 
A,iad  t  i%».  tftiefc.  If  ft.  vide  and  a  mile  tana,  conlolns  l^H  cu.  yds. 

Few  rocks  are  soft  enough  to  yield  a  sufficiently  large  percentage 
of  screenlnKa  to  bind  the  macadam;  in  Which  case  screenlnge  must 
be  Invorted.  unless  the  q>eclflcationB  permit  the  use  of  loam,  sand, 

Un^jta,^  roads  are  usually  made  4  to  S  Ina  thick  after  rolling, 
and  12  to  16  ft.  wide.  I  have  often  urged  the  more  common  use  of 
ringle  traiA  macadam  rnoda,  S  ft.  wide,  with  turnouts  (IS  ft.  wide) 
located  every  few  hundred  feet  apart. 

Cost  of  Losdlng  Stone  From  Can  into  Waoans. — A  good  work- 
man, sbovellDg  stone  from  a  Sat  car  into  a  wagon,  will  load  20  cu. 
Mx  (loose  pieaBure]  per  10-hr.  day,  giving  a  cost  of  7^4  cts.  per 
CO.  yd.  when  wages  are  ll.tO. 
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Where  the  amount  to  t>o  handled  wairanU  the  um  o(  a  derrick, 
and  clBjnahell  bucket,  a  much  lower  cost  can  be  attaiaed.  Consult 
the  section  on  Rocli  Elxcavation  for  detaita  at  cod  of  loading  broken 
Btone.     (See  pSKS  1S7,  etc.) 

Coat  of  Loadlno  Stone  From  BIni  Into  Wagons — II  the  broken 
Btone  la  to  be  hauled  direct  from  the  crusher,  bins  ihould  alwayi  be 
erected  to  receive  the  broken  stone.  The  bottom  of  the  bin  should 
bavo  a  slope  of  not  less  than  I  to  1,  a.nd  should  be  lined  with  sheet 
Iron.  It  the  slope  I*  flat,  say  l!i  to  1,  a  wagon  cannot  be  loaded 
In  much  less  than  T  mlns.,  and  then  a  potato-book  or  hoe  must  ba 
used  to  keep  the  stone  moving.  But.  with  a  1  to  1  slope,  the  atone 
runs  freely,  and  a  wagon  can  b«  loaded  with  1 M  cu.  yda  in  2  tnlns. 
or  leia 

Usually  one  man  operates  the  bin  gates  and  assists  the  driver 
In  trimming  tbe  load  on  the  waxen.  Hence  the  unit  cost  of  loading 
from  bins  Is  the  wages  o(  the  bla  man  divided  by  the  total  number 
of  cubic  yards  crushed  dally.  It  his  wages  are  |1.G0  and  the  crusher 
output  Is  BE  cu.  yds.,  tbe  cost  of  loading  from  the  bins  Is  2.3  eta. 
per  cu.  yd. 

Cost  of  Hauling  etone  In  Waaont. — When  w«cona  are  loaded  from 
cars,  It  Is  not  economic  to  have  more  than  4  men  shoveling  Into  a 
wagon.  These  men  will  load  a  cubic  yard  of  broken  stone  In  about 
6  or  T  mlns.,  if  working  briskly.  If  a  team  (with  driver)  receives 
tS.EO  per  id-br.  day,  each  minute  of  team  time  costs  0.8  cL  ;  hence 
the  lost  team  time  while  loading  amounts  to  about  1  eta.  per  cu.  yd. 
If  the  loading  la  done  from  bins,  the  lost  team  time  Is  al>out  1 14 
mln.  per  cu.  yd.,  or  less  than  1  ct.  per  cu.  yd. 

The  lost  teaDi  time  at  the  dump  la  [>  mlns.  for  a  load  of  1%  cu.  yda., 
or  more  than  3  mina  per  cu.  yd.,  it  alat-bottom  dump  wagons  are 
used,  costing  nearly  2  cts.  per  cu.  yd.  tor  teojn  time  lost  dumping. 
In  dumping  (rom  a  slat-bottom  wagon,  dump  the  load  in  3  small 
{.lies,  to  reduce  the  labor  o(  spreading. 

Up-to-date  contractors  are  now  using  bottom  dump  wagons  ex- 
tensively on  roadwork.  In  dumping  stone  from  such  a  wagon,  fasten 
a  chain  around  the  body  o(  the  wagon  so  that  the  bottom  doors  can 
open  only  fi  ina  when  the  load  is  dumped,  and  Iteep  the  team 
traveling  while  dumping,  so  as  to  spread  the  load  as  much  as  pos- 
'  slbie.  When  such  wagons  are  used,  there  Is  practically  no  lost  team 
time  Jumping. 

Special  "spreader  wagons"  are  frequently  used,  and,  In  that  case 
also,  then  la  practically  no  lost  team  time  dumping  the  load. 

tt  will  t'e  n-en  thut  the  lost  team  constitutes  a  flxed  cost  per  cu. 
yd.,  which  may  range  fiom  l  ct  per  cu.  yd.,  where  loading  Is  done 
frora  bins  and  unloading  from  bottom  dump  wagons,  to  T  cts.  per 
cu.  yd.,  where  wagons  are  loaded  from  cars  and  where  slat  Imttom 
wagons  are  used.  For  subsequent  illustration,  we  shall  assume 
4  eta.  per  cu.  yd.  for  lost  team  time,  wages  of  team  being  11.54 
per  10-hr.  (lay. 

As  1  ^  cu,  yds.,  or  1,B  tons,  is  a  common  load  Of  broken  Btona 
hauled  over  earth  roads,  and  as  a  common  speed  is  2  H  miles  per  hr.. 
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"  ti6  ft  per  iiiln„  the  co«  o(  hauUtiK  l«  28  eta  per  \ouA  per  mile, 
•r  M  ctB.  per  cu.  yd.  per  mile^  measured  one  wsy  (rem  the  point 
rf  loadlDK  to  the  point  of  dmnplng  (wagon  returning  empty),  team 
«>SM  being  tS-IiO  per  10-hr.  day.  To  this  must  be  added  the  (IxMI 
««  of  lost  team  time,  above  given  at  1  to  7  eta.  per  cu.  yd. 

If  the  earth  roods  are  level  and  In  good  condition,  a  load  of  1 
en.  yd«.  may  be  hauled. 

If  the  haul  IB  over  a,  good  macadam  road,  3  cu.  yds,,  or  i.T  Ions 
■«y  be  hauled,  but  It  often  happens  that  specltlcatlons  foolishly  pro- 
blblt  any  hauling  over  macadam  before  the  rolling  has  been  com- 
pleted. In  which  case  the  contractor  muet  uauaily  begin  construc- 
Uni  at  a  point  far  from  hla  stone  supply  and  build  the  road  back 
toward  the  stone  supply,  thus  hanltng  over  earth  the  entire  distance, 
Ud  doubling  the  cost  of  hauling. 

In  estimating  the  average  length  of  haul  on  roadwork.  bear  in 
mind  that  the  haul  Is  never  constant,  and  that  at  tlmea  the  work 
WH  be  too  groat  for  6  team^  for  example,  but  not  enough  to  keep 
*  teams  fully  busy.  After  estimating  the  cost  by  the  above  rules, 
tetiie  actual  average  haul,  I  consider  It  fair  to  add  about  1B%  to 
tOTW  the  added  cost  due  to  variable  liaul,  and  the  added  cost  of 
tttm  time  due  to  delays  at  the  crusher. 

Pot  discussion  of  the  general  subject  of  hauling.  Including  trac- 
tkn  niglne  hauling,  see  the  last  section  of  this  book. 

Cost  at  ftpraadlng  Stons  By  Hand — When  the  stone  Is  dumped 
In  comparatively  anall  plies  on  the  subgrade.  one  man  will  spread  25 
OL  yds.  of  the  coarse  broken  stone  In  10  hra,  at  a  coat  of  6  eta  per 
OL  yd.  when  wages  are  |1.E0.  This  Is  my  onn  record  (12  yenrsego) 
An-  several  thousand  yards  of  stone  delivered  in  slat-bottom  wagons. 
Bobsequently  1  developed  the  method  of  machine  spreading,  described 
bcreatter,  which  greatly  reduced  the  cost 

The  following  records  confirm  my  own,  all  being  recorded  In  re- 
«<nt  laniea  (1907  to  1909}   of  £n^neBr(np-Conlractln0. 

Vr.  Curtis  HIH  states  that  each  man  averaged  2B  cu.  yds.  per 
Oar.  In  Ulnouri. 

Vx.  A.  N.  Johnson  states  that  spreading  44,000  cu.  yds.  cost  S  cte. 
P«r  CO.  yd.  He  gives  the  wages  on  about  half  the  Jobs,  Indicating 
BO  average  of  about  (2.00  a  day  for  the  whole  work,  which  would 
iMan  that  IB  cu.  yda  were  spread  per  man  per  day. 

Mr.  W.  W.  Crosby  gives  records  for  negro  labor  In  Maryland, 
Aowlng  an  average  of  22  cu.  yds.  per  man  per  day ;  wages  were 
fLM  for  10  hr«. 

The  fm-^olng  show  what  may  be.  accomplished  with  energetic 
WDttonen.  but  there  are  numerous  InBtances  where  the  coat  of  spread- 
ing has  tteen  three  times  ae  high.  For  example,  Mr.  John  HcNeal 
Matea  that  the  average  cost  waa  1%  eta.  per  sg.  yd.  for  spreading 
Mone  by  dty  day  labor  on  14,000  sq.  yds.,  In  XSaston.  Pa.,  the  mac- 
■dam  being  I  Ina  thick  after  rolling.  This  Is  equivalent  to  IE  eta. 
per  cu,  yd,  of  coesolldated  macadam,  or  i*  ols.  per  cu.  yd.  of  loose 
tteae;  and,  as  wages  were  II.OO  per  10-hr.  day,  each  man  spread 
d^  a  HtUe  more  than  8  cu.  yda  of  loose  atone  per  day. 
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However,  a  high  coat  or  «preadlnK  t>  not  ot  ItaeU  e 
Inefflctencr.  It  fr«QuentIy  happens  that  enfineeri  foolUhlr  requlr* 
all  atone  to  be  dumped  upon  ptatforms  alonKslde  the  road,  whenon 
It  la  shoveled  onto  the  road.  In  such  cases,  a  man  will  not  ihoval 
and  spread  more  than  about  12  cu.  yds.  per  day. 

According  to  the  common  method  of  bulldtng  a  macadam  road,  til* 
coarse  stone  Is  dumped  In  piles  upon  the  aubgrade,  and  aprsad  wltb 
sbovela  and  rakea  The  screenings,  however,  are  dumped  In  piles  on 
the  earth  shoulders,  and  not  on  the  subgrade.  Then  they  are 
Bhoveled  onto  the  coarser  alone  after  It  has  been  spread  and  irell 
packed  by  rolling.  This  shoveling  and  spreading  ot  the  acreanlnga 
costs  much  more  per  cubic  yard  at  screenings  than  It  costs  lo  spread 
the  coarse  atone.  A  man  will  spread  about  10  cu.  yda  of  screen- 
ings [ii;-  lO-hr.  day.  making  the  cost  IE  eta  per  cu.  yd.  when  wagea 
are  JI.^O,    Screenings  cannot  be  qiread  with  a  leveler. 

Cost  of  Spreadlna  Stone  With  i  Leveler  or  Orader. — Twelve  yeara 
ogo  I  hit  upon  llie  lde.-i  of  using  a  grader  for  spreading  broken 
etone.  The  "grader."  or  "leveler,"  as  It  has  been  recently  called, 
was  of  the  type  shown  In  Fig.  1,  excepting  that  the  rooters  or  teeth 


Fig.    1.  Leveler  for  Spreading  Stone. 

Fig.  2.    Le7eler  tor  Spreading  Stoite. 

were  removed,  as  they  are  useful  only  In  Icwsenlng  hard  earth  on  & 
■ubgrade  that  Is  being  leveled.     Fig.  2  shows  another  "leveler." 

A  "leveler"  Is  a  light  machine  having  a  steel  blade  about  E  ft.  long, 
mounted  In  a  frame,  and  capable  ot  being  raised  or  lowered.  On* 
team  pulls  the  machine,  and  a  man  operates  It.  thus  making  the  cost 
of  operation  IE. 00  per  10-hr.  day  when  team  and  driver  are  |S.SS  and 
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r  ll.EO.  At  Ui^e  wacei  tt  cobU  only  I  cL  p«r  cm.  yd.  ta 
nil  rill  tbe  coorae  broken  irtone,  tor  SO  cu.  yds.  can  raadlly  Im  ijiread 
par  iKtur  troro  Bniall  pilea  dumped  on  Ihe  Bubsrads.  Howevsr,  tho 
i  Uiua  done  by  the  "leveler"  la  not  a>  true  to  nurface  ma  la 
r  before  roUlng,  •■>  the  layer  of  stone  niuat  be  gone  over 
br  a  nuw  ualns  «.  potato-hook  lor  a  raJte.  Thia  llnal  bond  leveUng 
adda  another  1  ct.  per  cu.  yd.,  making  the  total  coat  i  eta.  per  cu.  yd. 
for  avreadlnK  the  coarae  atone.  Ttie  acreenlnea  cannot  be  WgrwA 
aitlHfBctorllr  with  the  machine,  but  they  conatJtute  only  a  ainall 
percentage  of  the  macadam. 

I  have  known  contractors  who  have  attempted  to  Improve  on  this 
method  by  ualng  a  large  "road  machine."  but  never  with  aa  oaCla- 
taetory  reanlta  The  four  to  six  horaea  on  a.  road  machine  add  un- 
iiiii  iiaaiiillj  to  the  cost  for  this  llstit  work  of  spreadlns  atone.  Hore- 
tner.  a.  road  machine  Is  not  turned  around  so  easily  and  quickly,  and 
tbe  taming  around  la  apt  to  tear  up  the  suhgrade. 

I>ae  to  the  m>eed  at  which  a  leveler  works.  It  Is  unnecessary  to 
have  a  team  constantly  hitched  to  It.  I  prefer  to  unhitch  a  team 
from  the  fvrlnkler  wagon  at  Intervals  during  the  day,  lor  a  few 
mlnutea  at  a  time,  and  hitch  It  to  the  leveler. 

For  the  beat  results  at  the  loweat  coat,  dump  the  broken  stone  on 
tbe  mbgrade  In  aa  small  piles  aa  possible.  Never  dump  the  atone 
OB  the  earth  aboulders  at  the  aide  of  the  road. 

There  are  now  several  firms  who  make  these  "levelers,"  among 
them  being:  C.  N.  Carpenter  Supply  Co..  Canton,  .Ohio ;  The  Baker 
Hfg.  Co.,  7ZB  Flaher  Bldg.,  Chicago;  The  Ohio  Road  Mchy.  Co., 
(HwrUn,   Ohio. 

coat  of  Rolling. — Baaed  upon  my  own  records  of  coat  of  maln- 
taJnloK  and  operating  ateam  rollers  (lO-ton),  which  now  extend  over 
a  period  of  13  yeara,  tbe  following  la  the  cost  per  day  actually 

EnjEliieman (a.BO 

•.IS  ton  (TOO  lbs.)  coal  at  14  delivered 1.10 

Oil,  etc O.iB 

■00  gals.  ()U  tons)  water  pumped  and  hauled  I  mile l.OD 

Jnter«at,  <%  of  f  Z.GOO  -1- 100  days 1.50 

Current  repairs,  and  renewals,  B9ti  of  12,500 -MOO  days 1.25 

"  -ireclatlon     (life    SS    yra ;    sinking    fund,     3%     compound), 

.75%  of  (1.500 ->  100  daye 0.70 

Total »9.<0 

It  will  be  noted  that  I  have  assumed  only  100  days  per  annum 
siciually  worked  by  a  roller.  In  the  northern  half  of  America  the 
road  building  anaaon  is  not  long  enough  to  permit  working  much 
more  than  tbta ;  but  It  will  sometimes  happen  that  work  la  started 
«au-ly  enough  to  enable  at  least  120  days  to  be  worked,  after  de- 
ddctlog  Ume  lost  on  account  of  raln^  etc. 

Further  data  on  depreciation  and  repairs  of  rollers  will  be  founl 
In  aubaequent  pagea 

TbvlDg  established  an  approximate  cost  of  »10  per  day  worked. 


^' 
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tor  opM-aUiiB  and  tnalntaloinK  k  roller,  the  next  Mep  la  to  detarmln* 
the  fair  aversKe  yardage  of  macadam  compacted  per  day.  A  roller 
van  be  counted  upon  to  ci^pact  all  th^  atone  crushed  by  a  BxlS-ln. 
Jaw  cruaher,  where  the  crusher  la  woi;klnK  on  hard  auorry  atODB  and 
QveraKlns  about  EG  cu.  yda  ot  loose  broken  atone  and  ecreenlnsa 
per  10  hr.  day.  These  65  cu.  yds.  of  lqf>Be, stone  will  make  40  ou- 
yda.  of  compacteil  macadam,  or  ilO  sq.  yds.  of  macadam  t  Ins. 
thick.  Hence  the  cost  of  rolllos  is  about  IS  cts.  per  cu.  yd.  of  looss 
atone  (Including  screenlnES),  or  25  ct&  per  cu.  yd.  of  cmupacted 
macadam,  or  1 U  cCb.  per  eq.  yd.  of  compacted  macadam  S  Ina  thick. 
This  cost  Includes  the  ordinary  steam  rolling  given  to  the  subgrade 
before  spreading  the  broken  stone. 

If  the  sabgrade  Is  very  compact,  or  If  new  macadam  IH  bdng  laid 
on  old  macadam,  a  roller  Is  capable  of  consolidating  50%  more 
than  the  above  given  amount.  On  the  ordinary  soil,  even  after 
rolling  It  with  a  corrugated  roller  or  a  steam  roller,  the  bnriita 
stone  does  not  come  to  rest  quickly  under  rolling,  but  waves  under 
the  roller  for  a  long  time.  If  tbo  subgrade  has  been  tamped  with  a 
rolling  tamper,  howevt-r,  the  average  soil  Is  so  compacted  that  Che 
broken  stone  Is  not  driven  Into  It.  and  the  amount  o(  steani  rolling 
of  the  macadam  is  very  greatly  reduced. 

One  of  my  records  shows  that  En  72  working  day*  of  S  hra  each, 
a  10-ton  roller  compacted  4.000  cu.  yda  <24,000  sq.  yda)  of  S-ln. 
macadam,  the  subgrade  being  a  compact  gravelly  nil.  This  la 
equivalent  to  56  cu.  yda  ot  compact  macadam,  or  330  aq.  yds.,  Mr 
8  hr.  day,  or  nearly  T  cu.  yda  or  41  sq.  yda  per  hr.  This  Is  a  rapid 
rate,  tint  Is  still  (ar  below  the  rate  that  I  secured  In  resurfacing 
an  old  macadam  t>ia.t  had  been  thoroughly  broken  up  with  picka. 
namely,  300  aq.  yda.  per  hr.,  details  of  which  are  given  on  page  181. 
In  rolling  S-ln.  macadam  at  Hudson.  N.  T..  Mr.  H.  K.  BlBh4q) 
found  that  60  cu.  yria.  of  compacted  macadam,  or  380  aq.  yda.  was 
the  average  S-hr.  day'a  work  of  a  10-ton  roller,  which  (s  equivalent 
to  45  aq.  yds.  per  hr. 

Mr.  F.  O.  Cudworth  statea  that  In  resurfacing  an  old  macadam. 
t,9  Ina  of  looae  trap  rock  and  2.1  Ins.  of  screenings  were  sprecul 
and  rolled,  the  10-ton  roller  averaging  172  aq.  yda  per  10  hr.  day. 

Ur.  W.  C.  Foster  etatee  that,  In  resurfacing  an  old  macadam,  n 
12-ton  roller  averaged  S14  sq.  yda  of  6-ln.  macadam  per  10  hr.  day. 
The  three   following   records  are    taken   from    recent      Issues      of 
fin  j;(na«rlnp-  ContracHng. 

Mr.  Cunla  Hill  states  that  In  building  a  tiew  T-ln.  macadam  road 
In  Missouri.  S5  cu.  yda  ot  loose  stone  (the  full  output  of  the 
crusher)  were  rolled  per  day. 

Mr.  John  McNeal  atfites  that  In  building  new  S-ln.  macadam 
streets  at  Easlon.  Po.,  a  12-ton  roller  averaged  200  sq.  yds.  per 
day,  although  on  one  street  the  average  waa  270  sq.  yda  per  day. 
The  work  was  done  by  day  labor,  which  accounts  for  the  tow  aver- 

Mr.  W.  W.  Croaby  states  that  In  building  a  new  S-ln.  macadam 
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n>d  hi  Uaryland,  300  aq.  yda.  were  ron«d  per  day  of  10  hra.,  ■«•« 
Qiu  0.2   ton  at  coal  betng  used  by  the  roller. 

1[  l.^^^^.ln^tl  ta  to  be  of  thIchnesH  greater  tban  t  Ins.  (meaaured 
afler  roUlnK),  It  la  uaaolly  buUt  In  two  layere.  It  la  evident  that 
tb6  top  l»f  er  will  require  leae  ralUnK  than  tlie  lower  layer. 

Cost  of  Sprlnkllno.^ThG  amount  of  water  used  per  cubic  yard  of 
matsdam  Is  exceedingly  variable,  depending  largely  upon  the  near- 
noi  of  Ihe  water  supply  and  the  whim  of  the  Inspector.  If  Che  haul 
tor  the  water  is  short.  It  1b  usually  economy  to  use  an  abundance  of 
Waler,  for  water  washes  the  ecreenlnge  Into  the  voids  of  Che  coarse 
■tone  ("puddle^'),  and  reduces  the  amount  of  rolling  necessary  to 
)u-  the  screenings  Into  Ihe  volda  1  have  used  as  low  aa  30  gala 
per  cu.  yd.  of  compacted  8-ln.  macadam,  which  Is  equivalent  to  5 
Kila  per  sq.  yd.;  and  I  have  used  as  high  as  IZD  gala  per  cu.  y±, 
or  ID  eals  per  eq.  yd.  of  S-ln.  macadam.  It  Is  usually  safe  to  esti- 
mate on  not  more  than  10  gala  per  aq.  yd.  of  t-ln.  macadam,  or  10 
nU.  per  cu.  yd.  of  compacted  macadam. 

The  foUowtng  records  are  taken  from  recent  Issues  of  BnfrliMertnD- 
CmOractijia. 

Mr.  A.  I^  Valentine  states  that  In  building  a  e-ln.  macadam  road 
near  Seattle.  9.3  gala  were  used  per  sq.  yd.  Hr.  W.  W,  Crosby  states 
that  20  gala.  p«r  aq.  yd,  were  used  on  a  t-ln.  macadam  rood  In 
■■aryland. 

Ur.  John  UcNeoI  stales  that.  In  one  case,  16.8  gals,  were  used 
per  sq.  yd.  of  C-ln.  macadam,  and  that.  In  another  case,  16  gala 
*CT«  used  per  sq,  yd.  of  10-ln.  macadam  street. 

In  road  building  It  is  usually  necessary  to  pump  the  water  by 
Ixuid.  or  with  a  small  gasolene  pump,  from  a  creek,  river  or  well 
In  10  hrs.  one  man,  with  a  hand  pump,  will  raise  T,GaO  gals,  of 
water  to  a  height  of  10  ft.  Into  a  tank  from  which  It  can  be  drawn 
off  Into  the  sprinkling  wagon.  Hence  by  working  3  hrs.  a  day,  s 
man  can  furnish  1.400  gala  ot  water  for  240  eq.  yda  of  fl-ln.  mac- 
Mam.  If  wages  are  IG  eta  per  hr.,  the  cost  of  pumping  to  a  height 
Of  1(  ft  Is  1-50  et  per  gallon,  or  1-E  ct,  <one-flfth  cent)  per  eq. 
yd.  of  (-In.  pavement  where  10  gala  are  used  per  sq.  yd.,  or  a  trifle 


water  can  readily  be  hauled  by  a  team.  The  team  time  required  to 
load  the  sprinkler  from  a  tank  and  discharge  Its  contents  on  the 
road  Is  ordinarily  about  20  mlns.,  costing  12  eta  for  the  450  gala 
when  team  Is  13.50  per  10-hr,  day.  With  a  traveling  speed  of  2^ 
'  miles  per  hr.,  the  cost  ot  hauling  is  28  eta  per  tank  (450  gals.)  per 
tulle  of  haul  from  water  supply  Co  point  of  dellveiy, 

BoKC,  to  a  fixed  cost  ot  IS  da.  per  lanle  (for  team  ttem  loading 

and  dltcfcorifinfl  the  vxtter).  add  XS  ots.  per  ionfc  per  mile  of  haul. 

With  a  haul  of  1  mile  the  cost  Is,  therefore,   40  eta  per  tank  of 

4^0  gala,  or  less  than  1-10  ct.   (one-tenCh  cent)   per  gallon.      If  10 

^Is.  are  used   per  sq.   yd.   ot   S-in.    macadam,   the  cost    of  hauling 
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per  cu.  yd.  of  macadam. 

It  senerally  happens  however,  that  when  the  haul  l>  a  mile,  or 
laM.  a  BprlDkllnE  wason  is  kept  koIdb  contlnuoudy,  recvdleoa  of 
th6  amount  o(  water  used.  In  that  caae,  if  wagea  of  teun  and 
drivfi'  are  tZ.SO  par  10-hr.  day,  and  lutereat,  depreciation  and  re- 
pairs of  the  aprlnkllng  wagon  are  t0.5D  per  day,  the  dally  coat  of 
14. UO  must  he  divided  by  the  amount  of  macadam  compacted  by 
(he  roller,  or  40  cu.  yds.,  making  a  cost  of  10  eta.  per  cu,  yd.,  or  1.7 
cts.  per  sq.  yd.  of  6-ln.  macadam,  regardiesa  of  how  short  the  h&ul 
la 

In  CalitoTnlo,  where  the  hauls  for  water  are  apt  to  be  Ions,  It  ia 
not  unusual  to  see  tank  waKona  holding  BOO  sala,  or  more,  hauled 
by  six  horsea    See  pasB  322. 


TABLK    1. — COBT    OF    UACADAU. 

Per 
Per  ion 

Per      so.  yd.  <Z.0O0 

cu.  yd.    (6-ln.).  lbs.) 
m.  yda    (I.Ai   tons)   coarse  alone  f. 

. .  .»,r  ..10.976     10.161  $0,488 


.    (0.38 
t  tO.75. 


tona)   sc'TeenlnKS,  f.  i. 

0.Z2S 


1-  yds.)  freight  at  lU.EO 1.000  0.187  O.BOO 

4  l.e  cu.  yds,  loaded  Into  wasons  at  }O.0B. .  O.IOS  0.018  0.OS4 
G      l.E  cu.  yda.  lost  team  time  loadlngat  10.04    0.064  O.Dtl  U.U3E 

<      1,6  cu.  yds.  hauled   (1  mile)   at  |0.20 O.:i20  O.OSS  0,180 

T      1.2  cu.   yda  iipread  by  hand  at  10.06 O.OTS  0.013  O.OSS 

8      0.3  cu.  yda.   spread  by  hand  at  to.ia O.D^S  0.008  0.022 

5  KollinK.    110.^-40    cu,    yds.    macadam 0.250  0.042  0.116 

10  Kprlnkllng.  14  -i-  40  cu.  yds,  macadam 0.100  0.017  D.OGO 

11  Foreman.    H    of   14,00-^40    cu.    yda    ma- 

cadam        0,050  0.008  0.O2G 

12  NlKla    watchman      (tl.50),      water      boy 

(;o.7E),  and   H   of  timekeeper   (H   of 

12.50)  ;   $3.60  -;■  40  cu.  yds 0.088  0.015  0.044 

13  Qenernl    supervision.    olTlce    expense.    In- 

Burance.  etc..  at  8%  of  llema  4    to    12 

Inclusive    0.112  0.017  O.Sse 

Grand  total    I3.41B      f0.t69      tl.ioi 

The  cost  per  cu,  yd.  relates  to  a  cubic  yard  of  macadam  packed  In 
ptmce.  and  not  per  cu.  yd,  of  loose  atone. 

The  cost  por  sq.  yd.  Is  for  macadam  8  Ins.  thick  after  railing,  and 
la;  therefore,  exactly  one-sixth  of  the  coal  per  cu.  yd. 

The  cost  per  ton  Is  for  n  ton  of  2,000  lbs.  of  stone  having  a  apecl- 
flc  RTSVlly  of  2.7.  welRhlnK  4,E4e  Iba  per  cu.  yd.  solid  (or  2,E00  Iba. 
per  cu.  yd.  loose  broken  stone  having  if>%  voids)  and  assumlnK  that 
the  pomplctnd  macadam  weighs  4,000  Iba  it  tons)  per  cti.  yd.  of 
eompletod  macadam,  which  Is  equivalent  to  a  macadam  having  only 
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&  UtUe  mor«  than  10%  voids  after  rolllnK  and  binding.  CodrlnsttHi 
Haten,  tn  tli«  Encyclopedia  Brlttonlcs,  that  a  piece  of  old  macadam 
CMtaJned  only  S%   voida,  a«  determined  by  careful  wetghlns. 

In  coDStderlng  each  Item,  refer  to  tbe  previous  dlacuislon. 

It  the  none  la  qaarrled  near  the  road.  Item  S  (frelsht)  will  not 
(Sin;  and  Itlmi  4  (loading  wagona)  will  be  reduced  to  1  cL  per  ax. 
Ji.  ot  macadam-,  also  Item  G  (lost  team  time)  will  be  reduced. 

U  the  haul  la  S  milea.  Item  t  will  be  exactly  doubled ;  on  the  other 
hand.  It  the  hauling  can  be  done  over  a  macadam  road,  thia  coat 
per  mile  can  be  cut  In  two.  and  It  can  be  atlU  further  reduced  U  a 
traction  engine  la  used. 

It  the  coarse  stone  Is  spread  with  a  "leveler,"  as  It  always  ahould 
be^  Item  T  (spreading)  will  be  exactly  one-third  aa  much  aa  slven  \ 
bat  Item  i  will  not  be  aftscted. 

If  the  subBTiide  la  naturally  hard,  or  has  been  compacted  with  a 
rolling  tamiHir  having  projected  teeth  or  tampera.  Item  II  (rolling) 
may  be  reduced  80%   or  more. 

If  the  haul  of  water  for  sprinkling  la  lesa  than  a  mile,  or  tf  the 
qninkler  ia  not  kept  conatantly  busy.  Item   10  can  be  materially 

Item  11  (foreman)  Is  given  on  the  basis  of  half  the  foreman's 
thne  being  charged  to  the  macadam,  the  other  half  being  charged 
to  grading;  and  the  same  being  true  of  the  timekeeper's  time  In 
Item  12. 

Item  13  (general  supervlalon.  etc)  la  rated  at  S%  of  all  coats, 
except  the  cost  of  broken  stone  delivered  on  cars,  for  It  la  here  a»- 
tumed  that  the  stone  Is  purchased. 

If  wages  of  laborers  and  teams  are  greater  than  tl.EO  and  fa.SD 
p«r  iD-br.  day,  the  above  coata  should  be  Increaaed  In  direct  ratio 

£Hlmatlng  the  Coat  of  Macadam,  New  York  State.*— For  eatl- 
mating  a  fair  bidding  price  on  the  macadam  used  In  New  York 
State  road  conatructlon,  Mr.  Henry  A.  Van  Alstyne,  haa  prepared 

the  following  data: 

The  actual  coat  of  the  crushed  stone  In  bins  Is  estimated  at  SE 
cts.  per  cu.  yd.,  measured  loose.  The  cost  of  hauling  thlH  atone  from 
the  bins  to  the  road  Is  estimated  at  S5  eta  per  cu.  yd.  (loose  meas- 
UK)  per  mile  of  haul.  The  coat  of  spreading,  rolling  and  sprinkling 
Ihe  broken  atone  la  estimated  at  SO  eta  per  cu.  yd.  of  loose  measure. 

It  Is  eatimated  that  It  takes  1^  cu.  yd.  of  stone  to  make  1  cu. 
yd.  ot  stone  compactsd  under  the  roller ;  and  that  It  takes  Vt  cu. 
yd.  of  screenlnga  to  bind  this  atone.  Hence  In  eatlmatlng  the  coat 
of  s  cubic  yard  of  looae  broken  atone  we  have : 

Ch-uBhed   stotie  In  bina   ID.S& 

Hauling.   1%   mllea  at  fO.SG O.SO 

Spreading,  rolling,   etc 0.30 

Total   Oooae  measure)    11. 76 

'Xftabieeriiio-CoMTaeting,  Aug.  1,  1906. 
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Par  cu.  yd. 

macadam. 

l.SS  cu.  yds.  broken  atone  at  tl.TE It.St 

O.G   cu.   yds.    BcreenlnK*  at    tl.7S O.SS 

Total ..tS.21 

Add  10  %  for  profit 0.G4 

Contract  price   tl.SG 

ThiB  la  uractlcallr  tS'SO.  and   It  Is  so  entered  In  the  tollowli^ 
table  : 

Contract  Price  for  Macadam  with  Bcreeninga  Binder. 

Price  per  >q.  yd. 
per  Inch  of 
Haul.  Price  per 


I.  yd. 


|i.9J 


CtB. 

10.8 


I.4E 


1T.S 
17.8 


The  above  Is  based  upon  tbe  use  of  stone  acreenlnKS  for  the  bind* 
er,  as  required  for  the  middle  and  top  course  of  macadam,  which 
are  usually  ■  loa  thick  (2  ins.  middle  course  and  I  In.  top  course). 
But  for  tbe  bottom  course,  which  Is  usually  t  Ini.  thick,  the  speclfl- 
oatlons  pennit  the  uee  of  sand  as  a  binder  Instead  of  screenloBB. 
This  sand  Is  estimated  at  tl  P«r  cu~  yd.,  loose  measure.  Includlnc 
loading,  hauling,  spreading,  profit,  eta,  or  St  eta.  per  en.  yd.  without 
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Ow  >0%  profit.     Henoe,  for  a  haul  of  IK   milea,  ws  luv«  the  fol- 
lowloK  for  the  bottom  courao: 

Per  cu.  jO. 

1.33  CO.  Tda  bnAaa  atone  at  (1.1B t2.S3 

«.S  cu.  yOa.  nnd  filler  at  (0,81 O.il 

Total ,.ti.7B 

Add  10%  profit   a.6E 

CoDtract  price  ti.30 

B«.aed  upon  this  mettiod  ot  calculation  we  have  the  followIiiB  aa 
the  coat  ot  the  bottom  courn  for  different  lenctha  of  haul: 
Contnuit  Priot   for  Uacadam   With  Sand  Btiwtcr. 

Price  per  eq.  yd. 

Haul,  Price  per  thlckneu. 

Hltea.  cu.  yd.                                     Cta 

IK  $3.3G                                               9.3- 

2  •                                          3. SO                                               9.T 

ZU  3.«S                                             10.1 

iS  J.80                                             10.t 


Tbe  toregolns  data  are  bawd  upon  the  aaaumptlon  that  loose 
broken  atone  coate  8G  eta.  per  cu.  yd.  In  the  crusher  bins.  If  tbe 
atone  la  delivered  on  cara  the  cost  often  Is  hlKher,  and  to  this  coat 
muot  alao  be  added  IS  cte.  per  cu.  yd.  of  looae  stone  for  ahovelltig 
the  atons  from  the  cara  Into  wamna. 

TlM  TBtea  of  waxes  paid  by  contractors  In  New  Tork  State  rood- 
work  are  usually  (1.50  per  S-hour  day  for  common  laborera,  and  $4 
to  t*-60  per  day  for  team  and  driver. 

Prices  Allovxd.fOr  Extra  Work  on  New  York  State  Roada.*— A 
good  many  of  our  readera  will  be  Interested  In  two  features  ot  the 
lateat  specifications  for  macadam  and  gravel  roads  built  by  the 
State  ^  New  Tork.  One  feature  Is  the  method  adopted  1o  prevent 
uubaJanclng  of  bids,  and  the  other  feature  la  the  specifying  of  unit 
prices  which   the  contractor  must  accept  tor  extra  .work. 

The  State  Engineer's  estimate  of  the  quantltlea  of  every  kind  of 
work  apeclfled  la  given  In  detail,  but  the  contractor  Is  rettulred  to 
bid  a  lump  sum  for  the  rood  complete.  This,  of  course,  prevents 
unbalancing  of  bids.  Then,  to  avoid  disputes  or  law  suits  in  case 
any  or  all  of  the  auantltlei  are  Increased  or  dlmlolahed  the  follow- 
ing dauae  Is  inserted  In  the  contract : 

"And  In  conalderatlon  of  the  acceptance  of  the  forgoing  pro- 
posal we  hereby  agree  to  accept  the  following  named  unit  prices 


*Bngii%terinff-Contraoti»a,  Aug.  1,  1968. 
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(Ta.bl«  II)  for  any  Increase  or  deductiOD  wblcb  nay  be  made  by 
Uie  Sta.ta  Engineer  for  change*  made  under  the  pn>Vl>l0Da  of  tba 
q>ecincatlona  for  Bald  ImprovemeiiC." 

It  ahould  be  added  that  tor  ordinary  coDdltlons  the  State  EInKlneer 
eetlmalea  a  minimum  price  of  macadam  with  a  land  binder  (bot* 
tom  course)  at  t3.25  ner  cu,  yd.;  and  for  the  other  courses  (mid- 
dle and  top).  tS.90  per  cu.  yd.  IncludlnK  blndar. 

Very  complete  apeclflcatlonB  (or  this  road  work  have  beeo  pre- 
pared by  Henry  A.  Van  Alstyne,  State  Enstaeer,  Albany,  N.  T. 
IhislneerB  engoKed  In  road  conBtructlon  will  And  much  valuable  In- 
formation embodied  In   these  apeclflcatlonB. 

Macadam  Road  Pricsi  in  Massachuiatta.*— Some  Interesting  data 
In  the  construction  of  macadam  roada  In  UaaBB.chu  setts  are  given 
In  a  recent  bulletin  prepared  by  Austin  B.  Fletcher,  secretary  Uassa- 
chusetts  Hlglinay  Commission,  and  Issued  by  the  U.  S.  Olllce  of  Pub- 
lic Roads  According  to  this  the  averego  costs  (by  contract)  to  th« 
state  of  Hassachusetta  of  broken  stone  In  place  on  state  highways 
constructed  In  IBOfi  were  as  follows:  For  a  road  made  □(  Imported 
stone  (trap  rock).  S  In.  deep  at  center  and  4  In.  deep  at  aides,  tb« 
cost  per  Ion  In  place  was  tl.SGfi;  tlie  coat  t^r  square  yard  In  place 
was  10.6245  and  the  cost  per  mile  waa  |B,4BII.  One  ton  of  stone 
made  3.18  sq.  yds.  o(  macadam.  For  a  road  made  of  Imported  stone 
(trap  rock)  4  Ins.  deep  throughout,  the  cost  per  ton  In  place  was 
tS.OZG;  the  cost  per  square  yard  In  place  was  10.5393  and  the  cost 
per  mile  was  t4.T4S.  One  ton  of  stone  made  3.TS  aq.  yds  of  mac- 
adam. For  a  road  made  of  local  atone  8  Ins  deep  at  center  and  4 
Ins  deep  at  aides,  the  cost  per  ton  In  place  was  tl.31>S  :  the  cost  per 
square  yard  In  place  waa  fO.tSOl  and  the  cost  per  mile  was  ti.tti. 
One  ton  of  Stone  made  1.32  sq.  yda  of  macadam.  For  a  road  mad* 
of  local  stone  4  Ins.  deep  throughout,  the  cost  per  ton  fn  place  was 
tl.B83 ;  the  cost  per  square  yard  In  place  was  tO.3931  and  the  coat 
par  mile  waa  T3.4&9.  One  ton  of  broken  stone  made  4.03  sq.  yds.  of 
macadam.  The  above  costs  per  mile  are  equated  on  the  basis  of  a 
road  IG  fL  wide.  The  average  contract  prices  for  the  Several  con- 
struction Items  BiClUBlvo  of  macadam  were  as  follows; 

Elxcavalion    per   cu.    yd t0.43ll 

Borrow  per  cu.   yd 0.5S2 

Ledge  excavation  per  cu.  yd 1.7! 

Cement  concrete  masonry,  cu.  yd g.BS 

Shaping  rood  for  broken  stone  per  sq.  yd 0.02S 

Vitrified  IS-ln.  clay  pipe.  In  place,  per  lln.  ft l.BT 

Vltrined  12-ln.  clay  pipe.  In  place,  per  lln.  ft 0.TS6 

Vitrified  lO-ln.  clay  pipe,  In  place,  per  lln.  ft 0.<43 

Vllrlfled  8-ln.  clay  pipe.  In  places  per  Un.  ft...,,   O.STO 
Iron  water  pipe,  12  In.,  In  place,  per  lln.  ft 1.2D 


Iron  water  pipe,  IS  In..  In  plac 
Stone  filling  for  V  drains,  In  plai 
(juard  rail.  In  place,  per  lin.  IL. 


Stone  filling  for  V  drains,  In  place,  per  cu.  yd...   0.82T 


CTatch    basins.    In    place    (Including    catch    basin 

frames  and  grates),    each    3G.T4 

Setting  stone  bounds   l.SS 

The  price  for  cement  concrete  masonry  does  not  Include  t: 

'Exgineerino-ContTacUng,   Oct    It,    IBOT. 
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T*K«  IL — Futaa  Fob  Road  Wokk. 

TlM  lallowlns  UK  unit  pric**  for  the  Itoma  "■■""■^i  la  place,  oa 
DtaU: 
■ica.vB.t)cni  of  mrth.  or  embanloiiaiit  rolled  In  place,  per  cu.  ja.%  0 

Excavation  of  rock,  per  cu.  yd.  1 

BecoDd-claaa   Portland   cement   concretB,    In   plooe     complMe 


&).  per  cu.  rd.. . 


TUrA-cl^aa  E\}rUaind  cement  conci«te,  or  Ihlrd-claw  tt      ,, 

In  Portland  cemwit  mortar.  In  place  complete  (1;  t :  •>,  p«r 

Ttilrd-claaB  toaaonry  laid  ^7i  In  place  complete  (rubble},  par 

en.  yd.    

Pointing  old  ja»aani7,  per  aq.  yd. 

RIp-is-p,  lp  place  complete,  per  cu.  yd 

Telfora  ba^e.  In  place  complete  (S-ln.  to  8-ln.  ttiUk),  par  aq. 

yd.  

Stone  pavins.  In  place  complete  (8-in.  thick),  per  aq.  yd.... 

Cobble  KUtters.  tn  place  complela,  per  aq.  y± 

C-ln.  ■tone  fla^KlnB.  In  place  complete  (for  coverinc  box  eul- 

▼ertfl),   per  sa.    ft    

Expanded   metal.    S-ln.    mesh    (or    S — IS-ln.)    gaun    In   place 

complete,    per  eq.  ft. 

Guard  raU.  In  place  complete  (poela  T-ft.  Ions,   8  e  to  e).  per 

Un.  ft-  . 
Rustic  pu 

lU-ln.  pipe  rail.  In  place  complete  (tor  masonry  brldsea).  per 

fin.   It. l.OL 

li-ln.  caat  Iron  pipe,  laid  In  place  complete,  per  lln.  fL 2. SO 

IS-ln.  cast  Iron  plpA,  laid  In  place  complete,  per  lln.  ft !.£• 

(•liL  vltrined  lupe.  laid  In  place  complete,  per  lln.  ft. 0.1ft 

ll-in.  vltrined  pipe,  laid  In  place  comprcte.  i>er  lln.  tL 0.(0 

ll-in.  Tltrined  pipe,  laid  In  place  complete,  per  tin.  ft 1.10 

>j.<n    vitrified  pipe,  laid  In  place  complete,  per  lln  ft 2.00 

TltrlOed  ^Ipe,  laid  _ln  place  complete^  per  lln.  ft-.i 3.7G 

lapea.  aplke*  and  nalla 

Oak  tlmt>er  and'  plank.  In  pUce  complet 
"       ■>ck   tlr  '  -  ■      "     ^ 

U.   ... 

S  St". 

Oulde  boarda.   each G.Oi 

Bo»d  alKna,  each  4.ui 


,   Including  fliler,   and   rolled  In 

place  complete,  per  cu.  yd 

Broken  atone  macadam  of  tbe  kind  prescribed  Id  these  Rpeclfl- 
catlonlt  for  middle  course.  Incluolng  binder,  and  rolled  in 
plac*  eomplele.  per  cu.  yd 

Broken  atone  macadam  of  the  kind  prescribed  in  these  speclfl- 
catlona;  for  top  course,  Including  binder,  and.  rolled  In 
place  complete,  per  cu.  yd 

%-in.  broken  atone  of  the  kind  prescribed  In  them  apeclflca- 
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mmt  or  the  ateel  relntorcenient.  which  roar  t>«  MUinated  at  about 
13  additional.  The  average  iTa«eB  per  B-hour  day  for  part  ol  ISO* 
and  for  an  S-bour  day  for  the  remalDder  of  th«  rear  were  aa  fid- 

Ordinary  labor 


Cruiher  and  roller  engineers 3, 


.00  to     J.GO 


(2.00 

6.00 

..      4.00 

.SO  to     6.i» 


fBgon  and  driver  S.OI 

i-har*a  wagon  and  driver   '  " 

Contract  prlcei  for  Road  Work  In  MauaohuMtta.*— The  following 
areracee  of  contract  prlcea  on  atata  road  work  during  ISOT  have 
bMB  taken  from  the  16th  annual  report  of  the  Kaaaachuaatta  High- 
way Conunlaalon.    The  prtcea  are  the  averagea  for  (4  contract*; 

Excavation,  all  kinds,  per  cu.  yd. TO.tt 

Borrow,    per    cu.    yd U.S4 

I«dae  rod!  BfCBvatlon,  per  cu.  yd. l.tS 

Concrete  Diaaonry,  per  cu.  yd. ».g4 

Shaping,  per  aq.  yd. 0.01 


Pipe  oulvertB,  per  lln.  ft.: 

I£-ln.  vitrified  clay,  In  place... 
18'ln,  vltrUlsd  clay,  In  place   . 

l»-ln  Iron.  In  place 


„  , S.67 

lln.  ft.    g.SO 

1  covera  only  auch  ledge  rock  aa  requires  blaM* 
I,  and  bouldbra  of  'A  cu.  yd.  or  more  .In  volume. 
t  Is  compoaad  of  1  part  Portland  cement,  1  part* 
sand  and  G  parts  broken  atone  or  gravel.  For  the  pipe  culverts  noth- 
ing but  selected  flne  material,  free  from  large  atone,  ahall  be  placed 
under  and  about  the  pipe,  and  all  material  under  and  about  the  plp« 
shall  be  tamped  In  place  by  a  thin  tamping  bar.  Fencing  conalata  of 
chestnut  or  cedar  posts  not  less  than  0  Ina  In  diameter  spaced  8  ft. 
apart  and  aet  3  ft.  In  Iha  ground  and  S^  ft  abova  Tha  top  raJI  Is 
4  Ina  square  and  the  side  rail  of  2i6-In.  spruce. 

Wages.  In  Uasaacbusetts  In  190T,  per  g-hour  day.  Were  about  aa 
follows ;  Common  labor,  ll.TG  to  tZ.2G  ;  team  with  driver,  tI.EO  to 
*5. 

Per  Cent  of  EnQlneerlno  for  Road  Construct! on .t — During  IME  and 
1006  there  were  built  In  New  Castle  Counly,  Dtdaware,  T.48  miles  of 
macadam  road  and  2.»  miles  of  gravel  road.  The  per  cent  of  engi- 
neering expenses  on  these  roods  varied  from  S  per  cent  to  S.T  par 
cent,  the  average  being  2.2  per  cent. 

In  Madison  County,  Tennessee,  24^  miles  of  macadam  roada  were 
buUt  at  a  cost  ot  fllG.OBl.Tl.  The  cost  of  engineering,  auperlntend- 
race  and  surveya  waa  17,016.35,  or  about  I  per  cent  ot  the  total 
amount  expended. 

In  Pennaylvanla  tha  average  coat  of  Inspection  on  roads  built 
for  the  Slate  Highway  Department  baa  been  S  per  cent  ot  the  coat 

.    ZS.    1908. 
33,   100S,  and  Apr.  :ig,  1B09. 
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U  IlM  road  «nd  tbe  aTerage  of  englnAerlns  axpeusM  haa  botti  1 
par  MDt,  or  a  total  of  E%. 

la  New  lerwaj.  durlnc  IIOS,  a  total  of  146  milea  macadam  and 
Itavri  roads  were  bulit.  ESiiKlneerlDg  and  Inacttctlon  averased  about 
i.1%,  at  which.  3.2%  w*a  for  SDKlneeiinK  and  l.E%  for  wiWrvlBor'a 
miaiy,  tha  supervtaor  baln^  ajlpolnted  by  each  county  to  overaae 
and  direct  the  work. 

Coat  of  Macadam  Roads,  New  JcrMy.— Tbe  following  ■■  a  veiT 
btlet  nunmary  of  a  table  of  quantltlea  and  blddlns  prices  tor  tl 
dlffermt  macadam,  (ravel  and  Telford  roads,  which  was  slveii 
In  a»gittieering-Contraotiita,  April  28,  IW*.  There  were  14S  mllea  of 
theaa  New  Jersey  state  roads  buUt  In  1308.  the  foUowlns  b«lng 
•boat  the  averac*  con  of  a  macadam  road  t  Ina  thick  (aftM 
ralllns)  and  11  ft  vide: 

1,110  mi.  yda  macadam  at  ti  eta |t>ttl 

4,100  cu.  yds.  earth  excav.  at  U  eta l.S)« 

Snstnflarlng   ( B.2% )    114 

8upervls>r'>  salary    (S.t%)    107 

Total    .17.111 

About  aa  many  roads  were  built  8  Ina  thick  as  t  ina,  at  an  added 
coat  of  about  !0  eta  per  aq.  yd.  for  the  S-ln.  rooda 

Coat  of  a  Limestone  Macadam  Road,  Buffalo,  N.  Y.—The  following 
data  apply  to  a  limestone  macadam  road  ■  Ina  thick  and  \t  ft.  wide. 
built  by  contract  near  Buffalo,  N.  T.,  In  18BS.  The  eartb  was  a 
Icugb  elay  and  ditches  nearly  I  ft.  deep  were  dug  along  traCh  sides 
of  the  road.  The  cost  of  digging  the  ditches  was  nearly  half  tha 
total  cost  of  grading.  The  following  was  Che  cost  of  one  mile  of 
gradbig.  Including  ditching  and  surfacing,  In  comparatively  level 
oonntry,  the  amount  al  excavation  being  about  4,800  cu.  yda  (the 
graded  road  was  21  fL  wide  twtween  ditches)  : 

Labor  at   fl.EO  per   10-hr.   day I    tTO 

Teams  al  ta.SD  per  ]0-hr.  day 326 

Foreman  at   tiBO  par   10-hr.   day »7 

Waterboy  at  tl.OO  per  10-hr.  day II 

Total  per  mlla tl.OlO 

Thia  la  equivalent  to  about  it  cts.  per  cu.  yd. 

There  were  atretchas  of  this  rood  where  ditches  already  wdsted, 
and  the  only  grading  required  was  to  plow  up  the  old  surtaoa,  ahape 
the  trench  to  receive  the  macadam,  and  make  the  earth  abouldera 
G  ft.  wide  on  each  side  of  the  macadam.  Such  stretches  of  grading 
cost  (120  a  mile. 

The  macadam  was  6  Ina  thick  after  rolling  and  12  tL  wlda  It 
was  laid  In  two  courses:  (1)  a  foundation  course  of  1!4  to  J^-ln. 
limestone.  4  ina  thick  after  rolling;  and  (2)  a  top  course  of  '&.  to 
lit -la.  limestone,  2  Ina  thick  after  rolling.  Both  courses 
wer»  boimd  with  limestone  ecreenlnga  Aa  an  average  of  3^4 
nllea  of  road.  It  was  found  that  loose  atone  spread  to  a  depth  of 
g  loa.  was  rolled  down  with  a  10-ton  roller  to  an  apparent  thickness 
of  4  Ins.,  but  without  doubt  about  1  In.  of  stone  was  pushed  Into 
the  SDbgrade  and  loat  so  far  aa  the  flnal  measurement  waa  oon- 
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cemed.  It  therefore  took  lU  cu.  yds.  of  looBo  dU  to  2<4-ln.)  stone 
(measured  In  cars  or  waKona)  t»  make  1  cu.  yd.  of  rolled  founda- 
tion course.  For  the  top  course  It  took  a  thickness,  of  2.S  Ins.  of 
loose  1%  to  m-ln.)  stone  to  give  the  required  2-In.  thick- 
ness after  roIUnK.  Thla  Indicates  also  a  further  pushing  of  the 
foundation  scone  into  the  clay  below,  tor  all  meaAurements  of  thick- 
ness were  made  with  a  level,  and  not  by  digging  holes  through 
the  Unlshed  macadam.  The  average  of  these  two  courses  was  Lit 
cu.  yds.  of  loose  stone  (not  Including  screenings)  to  malce  1  cu.  yd. 
of  rolled  atone,  but  It  took  a  trifle  over  fi  cu.  yd.  of  llmestons 
ocreenlngs  (from  alee  of  dust  up  to  H-ln.)  to  bind  each  cubic  yard 
of  rolled  macadam.    We  have,  therefore : 

Lioose  stone   1.4t  cu.  yda. 

SinvenlngB   0.34  en.  yd. 

Total   1.8l)cu.yd«. 

This  means  that  It  required  l.S  cu.  yds.  of  screenings  and  loose 
stone  (measured  In  wagons)  to  make  I  cu.  yd.  of  rolled  macadam. 
The  cost  of  each  cubic  yard  of  macadam  was  aa  follows: 

Stone  and  scrteningB,  f.  o.  b.,  1.8  cu.  yda,  at  (O.TO II. IB 

Freight,  B5  eta.  ton,   l.S  cu.  yda,  at  10.18 0.60 

Unloadlns  cars  Into  wagons,  l.S  cu.  yda,  at  10.11 S.IO 

Hauling  \    mllB,    1.8  cu.   yda,  at  10.28 O.G« 

Spreading,   1.8  cu.  yda,   at   tO.OS O.l* 

Sprinkling    d.li 

Rolling.  Including  rolling  subgrade 0.24 

Total  per  cu.  yd.  of  macadam $1.01 

Laborers  received  ll.BO,  and  teams  (with  drivers)  tS-SO  per 
10-hr.  day. 

Cost  of  ■  Sandstone  and  Trap  Macadam,  Rochstter,  N.  Y.— Ne*r 
Rochester,  N,  T.,  a  macadam  road  IB  fl.  wide  and  6  Ins.  thick  waa 
built  by  contract,  on  a  sandy  soli.  The  bottom  4  Ina  of  the  ma- 
cadam were  of  sandstone  bound  with  limestone  screanlnga  The  top 
2  Ins.  were  of  trap  rock  bound  with  limestone  screenlnga  The  sand- 
stone was  tleldatone  obtained  mostly  from  old  stone  fences  near 
the  road.  Wages  of  common  laborers  were  li  cts.  an  hour:  teams, 
as  eta 

Tlie  cost  ot  sandstone  crushed  and  delivered  on  the  road  was  as 
follows  per  cubic  yard  measured  in  the  wagons: 

Paid  farmers  for  fences I'o.lO 

Lioading.  hauling  K  mile,  and  crushing 0.80 

Hauling    1  mile  and  spreading 0.3i 

Total   ll.iS 

The  llmosiotie  screenings,  used  as  n  binder,  were  imported  on 
canal  boats,  and  dellveretl  an  the  road  cost  aa  follows  per  cuble 
yard  measured  In  Che  wagons : 

Screenings  delivered  on  boats  }1.G0 

Unloading  into  wagons  with  derrick 0.25 

Hauling  !  miles O.JO 

Spreading  on  road    O.IB 

Total    I2.2S 


Boll^ 


HaUl! 
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The  coat   of  the  trap  rock  was  the  same  bb  for   the  ilme^na 
The  coat  of  Che  4-lii.  aandBtODS  boae  waa  aa  follow! : 

••M.   yda.  aandstone,   at  |1.2& tl,76 

.   _^  yd.   limestone  acreenlnsB,  at  %i.K D.7S 

oiling  and  BpiinkllnK O.OB 

Total  (maaaurad  In  p]ace> fS.SS 

^M  coat  of  the  Z-ln.  trap  wearing  coat  was  aa  tollows: 

L  jrds.  trap,  at  fa.2& IS.K 

.,  —  yd.  Bcreenlnn.  at  tS.ZG O.H 

falling  and  aprlolcUng O.BI 

Total  (meaaurad  In  plttcej %^.^^ 

The  lO-Um  roller  pushed  much  of  the  atone  Into  the  aandy  aub- 
ffntde,  which  accounts  in  part  for  the  fact  that  It  took  1.4  cu.  yda. 
at  loose  autne  to  malie  t  cu.  yd.  of  rolled  macadam.  No  very  accu- 
lata  record  was  kept  of  the  amount  of  acreenlnga  uaed,  but  the 
amount  stated  is  not  far  from  correct.  II  will  be  noted  that  rolling 
the  4-ln.  lower  courae  coat  only  8  cts.  per  cu.  rd.  as  compared  with 
52  cts.  per  cu.  yd.  for  the  2-in.  top  course.  This  la  due  to  the  fact 
that  the  lower  courae  waa  haatUy  rolled.  Strictly  speaking  theae 
two  couraea  should  not  be  treated  aeparately  in  diacuaelng  the  com 
of  rolling.  The  coat  of  rolling  and  qirlnkling  the  two  coursea  was 
24  cts.  per  cu.  yd. 

Cost  of  Experimental  Macadam  Roada,  llllnolt.*— Ur.  A.  N.  John- 
Bon  gtveB  the  following  regarding  II  experimental  macadam  roada 
<13.TS  mllea)  built  In  Illinois  in  1307  and  191)8.  The  work  Was 
done  by  day  labor.  Bach  road  was  made  12  fL  wide,  and  two 
layers  of  Icoae  broken  Btone  were  laid  to  an  aggregate  depth  of 
about  10  Ins.,  which  would  be  equivalent  to  a  little  more  than-S  ina 
of  compacted  macadam.  Limeatone,  weighing  about  2,600  Iba  per 
cu.  yd.,  was  used,  costing  about  tl.2G  per  cu.  yd.  on  cars  at  the 
doMinatlon.  The  coat  of  44.000  cu.  yda  of  loose  broken  stone  was 
aa  follows  per  cubic  I'ard  (loose  meaaure)  : 

Per  cu.  yd.     Per 
Labor.  (loose).      cent 

Unloading  atone  from  car   fO.lO  10.1 

Hauling   Btone    0.32  B4.0 

Spreading  Btone    0.08  S.S 

Rolling  and  aprlnkllng  0.11  ll.S 

Total  labor  on  atone   |0-«1  «4.I 

Excavation  of  earth  O.IS  11.4 

Shaping  roadbed O.OB  B.S 


luig  shoulders'  ■ . 

.,   watcbman  and   i 

_  Jial   labor    (0.95  lOO.O 

Stone,  f.  o.  b.  cars;  say 1.2E 


Bupt., 
TotaJ 


Qrand  total   tS.20 

It  la  not  stated  whether  Interest  and  depreciation  of  ateam 
roller  are  Included,  but  apparently  not  Average  ratea  of  wages  are 
not  given  for  theae  44.000  cu.  yda,  but  wages  on  B  different  Jobs  In 
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190S    (Involvlns  25,000  cu.   yds.   of  stone)    are  given,   and  tiyeraKC 
(2.10  per  d&y;    team   (with  driver)  averaKsd  t4.20. 

Tbe  lU-ln.  Btie  stone  -was  u>ed  for  the  bottom  larer,  Etnd  the 
3-lD.  atone,  bonded  with  screenings,  was  used  for  the  top  larer,  re- 
verslns  the  usual  practica 

Irregular  shipments  at  atone  and  bad  wither  caused  delays  that 
added  considerably  to  the  colt. 

It  the  above  given  costs  per  cu.  yd.  of  stone  (loose  measure) 
be  multiplied  by  0,3,  the  approximate  cost  per  sq.  yd.  will  be 
Obtained. 

The  ahaplng  of  roadbed  averaged  2.4  cts.  per  sq.  yd.  of  ma- 
cadam, although  on  one  Job  It  cost  only  l.S  cts.  although  the  was** 
were  13.60  a.  day. 

The  trimming  of  shoulders  cost  l.E  eta  per  sq.  yd.  of  macadam. 

The  total  cost  per  mile  of  maouiam  road,  IS  ft  wide.  10  Ina. 
thick  before  compaj^ting  (about  S  ina  afterward),  was  about  fS.SOO, 
the  haul  of  stone  averaging  1  to  1%  miles. 

Data  on  Depreciation  and  Repairs  of  Bte*m  Road  Rollers.* — 
Steam  road  rollers  were  first  built  In  England  about  1886,  and  It  la 
to  England  that  We  naturally  look  for  the  most  complete  records  Ot 
the  cost  of  repairs  and  the  life  of  these  machines. 

The  English  author.  Thomas  Altken,  has  kept  careful  records  for 
a  period  of  more  than  20  years,  and  his  data  are  especially  valu- 
able not  only  to  Bnglish  but  to  American  road  butldera 

Altken  gives  the  following  table  of  first  cost  of  English  rollers: 

IE-ton    roller,    single   cylinder 12.300 

12-ton   roller,    single    cylinder 2.000 

lO-ton    roller,    single    cylinder 1.876 

Altken  puts  the  tile  of  a  roller  at  not  less  than  2E  yeara  He 
estimates  8,000  tons  of  stone  consolidated  by  a  16-tim  roller  each 

Altken  gives  the  following  cost  of  repairs  on  a  15-toa  roller,  which 
he  resards  as  typical : 

"Up  to  the  fourteenth  year  the  repairs  were  comparatively 
trining,  with  the  exception  ot  a  pair  of  new  driving  wheels  and  re- 
pairing the  fire-box  and  tubea  etc.  These  latter,  and  Including 
■undrj-  repairs,  amounted,  on  an  average,  to  J55  per  annum.  It  was 
then  found  necessary  to  have  n  new  fire-box  and  general  overhaul 
ot  all  the  working  parta  This  cost  fSEO,  and  the  engine  should.  It 
Is  anticipated,  be  capable,  with  ordinary  repnlra  to  run  for  a  period 
equal  to  a  life  of  25  years  at  least." 

Altken  puts  the  total  cost  of  renewals  and  repairs  of  a  t2.300 
roller  at  tlOS  a  year  during  a  lite  of  25  yeara  which  Is  nearly  B  per 
cent  ot  the  first  cost  each  year.  To  this  must  be  added  a  percent- 
age to  cover  depreciation,  that  Is  to  provide  a.  sinking  fund  sulll- 
clent  to  buy  a  new  roller  at  the  end  ot  BE  years.  If  such  a  atnklnr 
fund  draws  3  per  cent  compound  Interest.  It  requires  that  about  l.Ti 

'Enffliuerlnff-CmtTacUna,  April  T,  ISO). 
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p«r  cent  of  the  first  cost  of  the  roller  be  Mt  ailde  uiDuallr  to 
wnount  to  the  full  flrat  coat  of  the  roller  In  2S  years.  Tbia  I.Ji 
per  cent  depredation  Fund  Bllowance  II  added  to  the  6  per  cent  tor 
retnlra  and  renewaJa.  gives  a  total  of  Dearly  8  per  cent  per  annum. 

Altken  aays  that  this  !■  equivalent  to  S3  cts.  per  worklDK  day. 
Since  B  per  cent  of  (Z,3D0  li  $184,  If  we  divide  the  tlS4  by  tO.M, 
ve  And  that  Altken  apparently  IlEures  on  ZZl  working  days  In  the 
year,  which  is  almost  doable  the  number  of  days  commonly  worked 
by  a.  mller  in  the  northern  part  of  the  United  States.  (See  Bngt- 
lUKTing-ConlTacttng,  Hay  2i,  ISOfl,  July  %,  ISO?  (p.  T>,  June  10, 
1S08  (p.  3Bg),  for  data  aa  to  the  number  at  dayi  worked  In  UosSft- 
chusetts,  and  the  coat  of  roller  revalra)  Altklu  aays  that  his  eeU- 
mate  relates  to  a  roller  used  in  macadam  repair  work,  "practically 
tn  steam  all  the  year,  except  when  under  repairs  or  stopped  by 
fnut  duiinK  winter  montha" 

Ther«  is  a  seemlnK  discrepancy  In  bl>  flcurea.  for  he  rale*  A  IS- 
ton  roller  aa  capable  of  compacting  at  least  S4  torn  of  macadam 
per  day  of  9  hours,  if  not  Interfered  with  by  traffic  Glsewhere  he 
estimates  the  "useful  effect  of  one  roller  at  8,000  tons  of  macadam 
pBT  annum,"  from  which  it  would  appear  that  less  than  150  full 
days  would  be  worked,  or  that  delays  due  to  tralllc  would  cause  a 
aeriouB  loss  of  time.. 

The  writer's  experience  Is  that  TG  tons  of  macadam  con  be  com- 
pacted per  10-hour  day,  and  that  a  contractor  can  usually  count  en 
about  100  to  110  day)<  actual  work,  which  gives  a  total  of  some 
8.001)  tons  (Including  screenings)  compacted  each  season  by  a 
lO-ton  roller. 

Regsrding  tbe  repairing  of  the  driving  wheels,  Altken  says: 

"Tlie  renowBl  of  the  drlvlnB  and  front  wheels,  especially  the 
former.  Is  an  expensive  item,  end  what  was  considered  at  one  tlms 
Impracticable  can  now  be  carried  out,  that  Is,  plating  the  worn-out 
rlma.  This  results  In  considerable  saving,  and  the  wear  of  the  metal 
forming  the  rims  Is  considerably  less  than  In  the  original  wheela 
It  should  be  stated,  however,  that  the  wheels  for  renewal  of  rUna 
riuHitd  not  be  worn  too  thin,  as.  in  such  cases,  the  renewal  Is  not 
BO  eallsfactory.  The  process  Is  to  lit  steel  plates  on  the  old  rims 
and  rivet  the  two  together,  and,  apart  from  a  few  of  these  t>ecom< 
fug  loose,  which  can  t>e  remedied  by  counter-sunk  bolts,  the  arrange- 
ment Is  in  every  way  sufcessfuL  The  gripe  or  'bite'  ol  these  steel' 
plated  wheels  Is  as  good  as  that  of  the  original  cast-iron  ones,  and 
the  wear  Is  much  morcb uniform." 

Altken  goes  on  to  state  that  the  wear  of  these  steel-plated  rims 
Is  0.02  In.  for  every  l.OOO  tons  of  macadam  consolidated,  and  that 
tbe  cost  of  repairing  the  driving  wheels  by  this  method  Is  t^OO  as 
against  tISO  (or  a  complete  set  of  new  wheels,  and  that  "experi- 
ence shows  that  the  lite  of  those  renewed  with  steel  plates  Is 
nearly  doubled." 

There  seems  to  be  enough  merit  In  this  method  of  repairing  the 
driving  wheels  to  warrant  the  manufacturer's  making  them  with 
removable  steel  plate  rims  In  the  first  place.    If  the  plates  were  of 
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i   eteel    the    life   would    probably    be   three   to   tour    time* 
u  lone  &■  when  made  of  ordinary  steel. 

Allken  states  the  caat-lron  drivlns  wheeli  of  a  IB-tOD  roller  Uatad 
7     yeara,    durlns    which    time    they    consolidated     60,000    tons    of 

Coit  of  Road  Roller  Repairi  In  Mastschusetti  During  1908.*— The 

MasBachusetts  HJBhway  Commlealon  had  undei  Its  control  IS  Bteam. 
roa.d  rollers.  The  rollers  were  used  1.12SU  days  on  town  work.  In 
12  dfrterent  towns.  They  were  also  used  iSTVi  days  on  state  high- 
way repair  work,  on  6il  dlfTerent  roads;  290  days  by  towns  con  trEU;t- 
Ing  for  the  building  of  state  roads.  Including  the  small  town  roads; 
162  days  by  private  contractors  on  state  highway  contracts,  aad 
one  roller  was  used  eight  days  at  the  Slate  Farm  at  Brldgewater. 
The  total  number  of  days'  work  during  the  year  was  Z,144 — an 
average  of  11}  days  for  each  roller.  The  total  cost  of  such  malif 
tenance  for  the  year  was  12,016.  Ot  this  amount  fl.OOO  was  paid 
(or  practically  rebuilding  one  of  the  rollers  which  had  been  In  active 
use  since  1898;  and  tl.OIS  was  expended  for  the  ordinary  repairs. 
Including  the  expense  of  supervision  and  Inspection  of  the  rollers, 
the  average  cost  of  such  ordinary  repairs  during  1908  was  90.8  cts. 
per  day  tor  each  roller  in  use.  A  comparison  of  Che  above  figures 
with  those  ot  the  years  190G  and  1907  Is  given  below; 

1006.  1907.  190S. 

Number   of   rollers 16  16  IS 

Total  days  worked    l.T19Ji      1,808         !,H4 

Av.  days  pr^r  roller lOTU         118  11? 

Av.  cost  ordinary  repairs  per  roller  day. (0.98!^      10.99^      tO.lO  4/5 

Tn  BnfflneeriHff-ConlracUHg,  Hay  33.  1906.  It  ts  stated  the  Massa- 
chusetts Highway  Commission  had  IS  rtillers  during  190G.  that  they 
averaged  90.8  days  worked  per  roller,  and  that  the  cost  of  ordinary 
repairs  was  |1.12  per  roller  per  day  worked. 

Cost  Of  Bcarltyino  Macadam  By  Hand.— Ur.  Thomsa  Altken  la 
authority   for  the  following  Elngllsh  data: 

When  a,  macadam  surface  Is  to  be  picked,  or  scarlfled,  by  hand. 


screen  the  old  materlala  The  depth  to  which  the  macadam  Is- loos- 
ened by  picks  Is  usually  about  SH  Ina  One  man  will  loosen  at  tha 
following  ratP  per  day : 

Sq.  yda. 

Soft  macadam  33 

Hard  macadam   20 

Very  hard  (steam  rolled)   macadam 12  to  15 

Cost  of  Scarifying  With  a  Machine.— A  scarifier  la  a  heavy  har- 
row tor  ripping  up  old  macoilam  preparatory  to  resurfacing  IL  8e« 
Fig.  3. 

A  scarifier  Is  pulled  by  a  steam  roller,  and  It  usually  requires  two 
men  to  operate  the  scarifier.  According  to  Thomas  Altken.  a  scan- 
ner with  1  teeth,  spaced  6  Ins.  apart,  will  break  up  old  macadam 

'  EnelneeHnB-ConlracUni;.  M.iy  B,  1909. 
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to  a  depth  ot  4  Ini.  at  the  rate  of  3,000  eq.  ydB.  per  10-hr.  day,  If 
not  iDterrupted  b;  CralBc.  He  glveH  one  reconl  of  SGO  cu.  rda.  per 
hr..  scarlfled  to  a  depth  of  3  Ini..  ualng  a  IS-ton  roller  ta  pull  It. 
But.  allowing  for  InterniptlonB  from  traffic  that  ordinarily  occtir  on 
a  country  road,  he  gives  1,500  Co  2.O0O  sq.  yda  per  lO-hr.  day. 

Be  states  that  each  act  of  teeth  will  BcBrifr  only  ISO  sq.  yda 
before  requiring  sharpening,  and  that  It  costs  IS  lo  30  eta  ta 
Aarpen  the  set  of  3  teeth,  at  which  rate  It  costs  O.I  to  0.2  ct.  per  sq. 
yd.  tor  sharpening  the  teeth  This  would  give  a  cost  of  t3  to  t> 
per  day  (or  sharpening  teeth  where  3.000  sq.  yds.  are  scarID«d  dally. 

The  following  paragraph  gives  some  American  data. 

Cost  of  Sesrlfylng  Macadam,  Rhode  Island.* — In  breaking  up  the 
crust  of  an  old  macadam  road  preparatory  to  mixing  It  with  tar  or 
asphaltic  oil.  a  scarifier  drawn  by  a  steam  roller  Is  cheaper  than  the 
use  of  "picks"  In  the  rear  wheels  at  the  roller. 


Ftg.  3.     Scarlfler. 

This  Is  well  illustrated  by  the  following  costs  of  scarifying  which 
have  been  furnished  to  us  by  Mr.  Arthur  H,  Blanchard,  assistant 
engineer  of  the  State  Board  of  Public  Roads,  Providence.  R.  I. 

An  old  macadam  road  at  Tiverton,  R.  I.,  was  scarlfled  to  a  depth 
of  3  or  4  Ina  at  a  cost  of  O.T  ct.  per  sq.  yd.  The  steam  roller  and 
■carlfler  were  rented.  The  price  paid  (or  the  steam  roller,  Including 
fuel  and  wages  of  engineman,  was  flO  per  day  of  ID  hours,  which 
Is  a  reasonable  price.  The  price  paid  for  the  use  of  the  scarifier 
waa  f  6  a  day,  which  Is  reasonable  when  due  allowance  Is  made  (or 
the  cost  of  sharpening  Its  teeth.     Two  laborers,  at  (2.60  each  per 

•Bneineering-Contracting,  OcL  S8,  1908. 
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lO-bour  day,  operated  tba  BcariDer.     Therefore  the  dally  coat  wa« 

Per  day. 

Roller,    Including  enKlnsman tlO.OO 

Scarifier 6.00 

2  laborers,  at  12.60 S.OO 

Total    120,00 

The  average  10-hr.  day's  work  was  S,Ttg  bq.  yds.  scarifled,  hence 
the  cost  per  square  yard  was; 

Cts.,  per  eq.  7 A. 

Roller,  including  englnenuui tO.tC 

Scarifier    .' 0.18 

Laborers 0,18 

Total    (0.71 

It  may  be  well  to  add  that  the  practice  o[  using  "plcktf'  In  the 
rear  wheals  of  a  steam  roller  Is  not  to  be  commended,  for  the  re- 
sulting shocka  to  the  whole  machine,  and  particularly  to  the  boiler, 
are  Injurious.  Boiler  tubes  quickly  become  looaencd  and  leak 
badly  under  this  severe  service.  I(  the  picks  are  used  In  the  roller 
for  a  considerable  length  of  tlma. 

Cost  Of  Reiurfa^lna  Old  LImeitane  Macadam — The  data  were 
taken  from  my  lime  books  and  can  be  relied  upon  as  being  well 
within  the  probable  coat  of  similar  work  done  by  contract  under 
a  good  foreman.  It  will  be  noted  that  the  coat  of  operating  the 
roller  la  estimated  at  tlO  per  day.  Thla  Includes  Intereart  and  de- 
preciation, as  well  as  fuel  and  onglneman'a  wages. 

The  road  was  worn  unevenly,  but  as  It  still  had  sufficient  metal 
left,  very  little  new  metal  was  added. 

The  roller  uaed  vas  a  12-ton  Buffalo  Pitts,  provided  with  Steel 
picks  on  the  rear  wheels.  It  required  80  hours  of  rolling  with  the 
picka  In  to  break  up  the  crust  of  a  surface  19,400  sq.  yda  In  area, 
2,400  sq.  yda  being  loosened  per  10-hr.  day.  The  cruet  was  ex- 
ceedingly hard  and  at  tlmaa  the  picks  rode  upon  the  surface  with- 
out sinking  In,  so  that  a  tighter  roller  would  probably  have  been  far 
lesa  efnclent.  In  fact  a  10-ton  roller  had  been  used  a  few  year* 
previous  tor  the  same  purpose  at  more  than  double  the  expense  per 
•q.  yd..  1  am  told.  The  picks  simply  open  up  cracks  In  the  crust  to  a 
depth  of  about  1  Ina  and  It  is  necessary  to  follow  the  roller  with  * 
gong  of  laborers  using  hand  picks  to  complete  the  looaening  procesK 
The  labor  of  loosening  and  spreading  anew  the  metal  was  1,880  man- 
hours,  or  a  trifle  more  than  10  sq.  yda  per  man-hour.  About  60% 
of  this  time  was  spent  In  picking  and  iO%  In  rsapreadlng  wltb 
shovels  and  potato  hooka 

After  the  material  )iad  been  reapread.  a  short  oectton  waa 
drenched  with  a  sprinkling  cart,  watpr  being  put  on  In  such  abun- 
dance that  when  the  roller  came  upon  the  metal,  the  Bcreenlnga 
Which  had  settled  to  the  bottom  In  the  spreading  process  were 
floated  up  Into  the  Interatlcea  The  roller  and  sprinkling  cart  were 
engxiged  only  03  hours  In  this  process.  J. 000  aq.  yda  being  rolled  per 
10-hr.  day ;  an  exceptionally  fast  rate.    The  rapidity  of  rolling  was 
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doe  to  four  fHctors;  1.  The  (real  abondanci  o(  water  used,  the 
water  haul  being  very  Bhort.  1.  The  unyielding  foundation  (Tel- 
foi-d)  beneath.  3.  The  abundance  of  BcreenlUBa  and  fine  duat,  tba 
roiid  not  hiivlns  been  swept  for  some  time.  1.  The  great  weight  of 
the  roller,  which  was  run  at  a  high  rate  of  apeed.  I  am  not  pre- 
pared to  Bay  that  longer  rolling  would  not  have  secured  a  harder 
■urtace.  but  1  doubt  very  much  whether  It  would.  The  metal,  I 
■hould  add.  wag  hard  limestone.  Summing  up  we  And  the  cost 
of  resurfacing  this  road  per  sq.  yd.  to  have  been  as  follows: 

eta.,  par  ag.  yd. 

Plcktng  with  roller,  at  (1  per  hour 0.4O 

Picking  by  hand  labor  a*""--   —  ■ ""' 


Bi^readlng  by  hand  labor,  at  £0  cts.  per  hour. . . . 

Rolling  with  roller,  at  tl  per  hour 

Sprinkling  with  cart,  at  40  eta  per  hour 

Foreman.  143  hours,  at  84  cts.,  for  19,401)  sq.  yds.. 


Total    . 


i/ 


1  road  16  ft  wide  can  be  resurfaced  for 
little  more  than  |300  a  mlla  The  frequency  with  which  such  re- 
nirfaclng  Is  necessary  will,  of  course,  depend  upon  several  factors, 
■cblet  of  which  are  the  amount  of  traffic  and  the  quality  of  road 
metal  I  should  say  that  Ave  years  would  not  be  tar  from  the 
average  for  a  country  road  built  ot  hard  limestone.  Unless  the 
road  has  had  an  elces*  of  metal  used  In  Its  construction,  new 
SKtal  should  be  added  at  the  time  ot  resurfacing  to  replace  that 

I  am  unabli?  to  see  how  any  system  of  continuous  repair,  with  Its 
puttering  work  here  and  there,  can  be  as  economical  aa  work  done 
hi  the  manner  above  described.  I  would  not  be  understood,  however, 
at  favoring  an  entire  neglect  of  the  road  between  repair  periods.  At 
litres  of  heavy  rains  and  snows;  ditches  and  culverts  need  atten- 
(lOQ  and  there  should  be  someone  whose  duty  It  Is  to  look  after  such 
Ditttters.  What  I  do  question  Is  the  economy  of  having  a  man  con- 
tinuously at  work  putting  In  patches  upon  the  road. 

Low  as  the  above  costs  are.  much  lower  costs  are  attainable,  using 
a  scarlfler,  as  previously  described,  or  using  a  harrow,  as  described 
In  the  next  paragraph. 

Coat  of  Repairing  Sandatona  Macadam,  Albion,  N.  V — Using  the 
nulbod  that  1  am  about  to  describe.  Mr.  P.  J.  Stock  succeeded  in 
pli^klng.  resurfacing  and  rolling  a  stretch  of  sandstone  macadam 
IS  ft  wide  by  1,000  ft.  long  Id  two  10-hr.  days;  one  day  In  spiking 
up  the  old  surface  with  the  picks  In  the  steam  roller  and  one  day 
In  reroUiog.  As  the  surface  was  loosened  to  a  depth  of  about  4  Ina, 
It  win  be  seen  that  over  SOO  cu.  yds.,  or  I.SOO  oq.  yda,  of  macadam 
were  compacted  by  the  IB-ton  roller  In  10  hrs.  The  point  to  which 
I  wish  to  call  attention  la  not  so  much  the  extraordinary  rajpldlty 
of  the  rolling  as  the  very  Ingenious  method  devised  by  Mr.  StoclE  for 
eoiaplellnB  the  toosenlne  of  the  macadam  after  cracking  It  up  with 
•he  roller  qiUcea.    For  this  purpose  Mr.  Stock  built  a  heavy  harrow, 
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■Imllar  to  those  used  on  [anna,  Fig.  4,  showing  Its  detail  design. 
By  turning  the  harrow  upBlde  down  It  ridea  on  the  runners  shown  In 
the  (iKUre.  and  Is  thus  transported  when  not  In  use.  A  heavy  team 
of  horses  Is  used  to  drag  the  sharp-pointed  harrow  over  the  ma- 
cadam after  It  has  been  loosened  as  much  as  possible  with  the 
spikes  of  the  steam  roller.    The  spikes  In  the  harrow  not  only  com* 


Sid*      QsKi^ion. 
Fig.   1.     Harrow  (or  fifarlfylng. 

plete  the  breaklng-up  of  the  crust  as  well  as  could  be  done  by  men 
using  picks,  but  in  addition  the  spikes  spread  the  loosened  stone. 
nlllnx  up  all  low  placea 

The  total  cost  of  resurfacing  was: 

Cla,  per  sq.  yd. 

Roller  and  engineer  nt  |1  per  hour  plcklnv 0,6 

Roller  and  engineer  at  tl  per  hour  re-rolling O.G 

^rlnkllng.  with  cart.  10  eta  an  hour   (1  day)  ....    O.Z 
I&rrowlnK.  team  and  driver  10  ets.  an  hr.  (2  days)    0.3 

Total    1-B 

At  this  rate  a  macadam  road  18  ft.  wide  anO  a  mile  long  can  be 
r  less  than  lUO.    The  Mtst  of  resurfacing  has.  there- 
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ton.  been  only  |30  per  mile  per  anniun,  ilnce  resurf&cing  has  been 
aeceaaary  only  once  every  t  yra. 

It  trill  be  noted  thai  the  coat  of  plcklnc  (witb  roller)  and  harrow- 
■qg  was  0.8  ct.  per  aq.  yd. 

In  addition  to  the  labor  Item  there  were  some  7G  cu.  yds.  of 
Rone  furnished,  which  It  waa  eatlmated  would  bring  the  road  up  to 
Ita  orlKlnal  crown.  The  Btone  cost  about  ttO.  delivered,  and  waa 
Bptead  by  two  men  In  two  daya  at  a  cort  o(  *8.  By  using  a  "leveler" 
the  item  of  spreading  could  have  b«en  reduced  to  tl-SO. 

For  new  materlalB  we  have,  therefore,  h,  trine  over  ftO  per  mile 
per  annum,  making  a  total  of  about  ISO  per  mile  per  annum  for 
labor  and  material  for  reHurfaclng  a  Medina  sandBlone  road.  Of 
course,  the  loss  of  material  by  wear  was  not  accurately  measured, 
but  It  was  less  rather  than  more  than  the  amount  put  on  for 
repairs.  At  this  rate,  the  annual  vertical  wear  was  about  O.S-ln. 
over  the  whole  surface. 

ThlB  waa  a  main  traveled  street,  where  farmers'  teams  enter  the 
village. 

Cost  of  RNurfactng  Macadam  and  Data  on  Compretslon  «( 
Broken  Stone.— Mr.  F.  G.  Cudworth  gives  the  following  data.  An 
old  macadam  road  was  resurfaced  with  trap  rock  to  the  depth  at  3 
Ins.  after  rolling  with  a  10-tun  steam  roller.  It  required  3.9  Ins,  of 
loose  irup  and  2.1  Ina  of  screenings  to  make  the  3  Ins.  of  compacted 
niacadam.  according  to  Mr.  Cudworth.  but  there  must  have  been  sn 
error  In  his  estimate  of  the  llnal  thickness  of  the  reeurFaclng  (and 
it  is  a  very  easy  matter  to  err  In  measuring  rolled  macadam). 
Possibly  he  did  not  measure  the  thickness  ot  loose  screenings  left 
on  the  macadam,  (or  2.1  Ins.  of  screenings  Is  more  than  BufTlclent 
to  tltl  the  voids  In  3  Ins.  of  compacted  stone.  The  steam  roller  aver- 
aged 472  BQ.  yds.  or  40  cu.  yda  of  macadam  per  10  hra,  at  a  cost 
of  !?i  eta  per  sq,  yd.  tor  rolling  and  sprinkling.  The  cost  of  rolling 
and  sprinkling  was  distributed  as  follows,  and  It  should  be  noted 
that  it  does  not  Include  any  allowance  for  rent  of  roller.  On  the 
other  hand  It  Is  rare  that  a  fireman  Is  employed  In  addition  to  the 
englneman.  and  It  Is  not  always  that  the  full  wages  of  a  night 
watchman  are  charged  to  the  roller; 


Ftrwnan 

Coal  and  oil 4.00 

Sprinkler  3,00 

watchman     l.&O 

Total  per  day H3.0O 

The  total  coat  of  resurfacing  was  as  follows,  not  Including  coat 

Cts.  per  Ki,  yd. 
Scraping  and  sweeping 2.00 


Plckiiw  u 


t  stone  2,00 

foiling  and  apfinkllng 2.77 

Total  per  sq.  yd. 8.27 

Aa  will  be  soen  by  compairUiHi  with  flats  previously  given,  this 
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colt  at  8.2T  ctB,  p«r  oq.  yd.  1b  InoTdlnatelr  hlgti,  and  ahoTa  both  lack 
of  sued  manasemetit  and  of  knowledge  of  how  to  do  Bucb  work 
economically. 

Mr.  W.  C.  Foster  glveH  the  follDwlng  data ;  It  was  found  that 
T.3S  ln&  of  loose  trap  rock  on  an  old  macadajn  pavement  wero 
rolled  down  to  a  ihlcknesB  of  S  Ins.  under  a.  12-toD  roller,  a  ratio 
of  Iti  cu.  yds.  of  loose  stone  to  1  cu.  yd.  rolled.  It  waa  found  tn 
another  case  that  E.6T  Ins.  of  loose  trail  were  rolled  down  to  4  InK, 
a  ratio  1.42  to  1.  The  atone  In  both  caoea  was  trap,  1^  to  Z^-ln. 
size.  It  was  found  that  1  cu.  yd.  of  blue  limestone  screenlnKS.  auf- 
flclent  to  cover  the  rolled  trap  to  a  depth  of  l.T  Ina  over  21  aq.  yda, 
waa  sufficient  to  bind  21  aq.  yds.  of  4-ln.  or  6-ln.  macadam.  Tha 
loose  atone  and  the  acreenlDsa  were  measured  In  cars.  I  do  not 
think  that  S.G7  Ina  of  loose  trap  can  possibly  be  rolled  down  to 
4  Ina.  furthermore  I  am  sure  that  It  takes  more  screening*  to 
bind  a  fi-ln.  macadam  than  a  4-ln.  macadam.  Ur.  Foster  says  that 
In  this  work  a  12-ton  roller  averaged  S14  sq.  yds.,  of  G1  ctL  yd*,  ot 
fl-ln.  macadam  per  10-hr.  day. 

Cost  of  Repairing  Macadam  In  Ireland.  —In  I!»aiyueTino-Contmot- 
tnp,  Sept.  2,  1908,  there  Is  an  excellent  article  on  the  methods  at 
Bcarlfylns  and  rollIoK  macadam  roads  In  Ireland,  also  some  costs,  by 
Mr.  B.  A.  Hackett.     A  brief  abstract  of  the  costs  Is  as  follows: 

Common  laborers,  per  day tO,E3 

Foremen,  per  week (.00 

One  horse  cart  and  driver,  per  day 1.J6 

BnBlneman  on   roller,  per  day 1.26 

Flagman  and  timekeeper,  per  day D.ST 

Coal  costs  tG.SO  per  long  ton  at  the  railway  station,  and  a  IG-too 
roller  consumes  one- third  ton  per  day. 

Mr.  Hackett  state*  that  In  Tlpperary  county  there  are  l.GDO 
miles  ot  macadam  roads,  of  which  300  miles  are  main  roads.  The 
population  Is  90,000,  and  the  area  of  the  county  Is  1,000  sq.  miles. 
The  tntnlc  Is  not  severe,  practically  all  In  one  horse  carta  carrying 
loads  of  I  to  Hi   tons  on  a  pair  of  wheels. 

From  his  data  It  can  be  deduced  that  the  cost  of  repairing  a 
macadam  road  IS  ft.  wido  is  about  %iM  per  m!!e  per  annum,  thera 
being  0.12  cu.  yd,  of  broken  stone  used  per  sq.  yd.  of  road  for  each 
resurfacing  every  Ave  years,  which  Is  equivalent  to  1,120  cu.  yda  of 
stone  per  mile  every  Ave  years,  or  Z24  cu.  yds.  per  mile  per  annum. 
Since  the  steam  roller  averaged  shout  EO  cu.  yda  of  loose  atone 
compacted  per  day.  It  Is  a  simple  matter  to  estimate  the  cost  of 
•ucb  repairs  under  American  conditions  as  to  wngea 

All  the  stone  was  quarried  and  broken  by  hand,  and  the  following 
was  the  cost  per  cu.  yd.  loose  measure,  wages  being  as  above  given: 
Percu.  yd. 

Surface  damage  to  quarries tO.Of 

Quarrying  ana  breaking 0.41 

Hauling   0.1B 

gprsadrng,  watering  and  sweeping O.IS 

Recartlng  stones,  removing  scarified  material*. . . .  O.tO 

Rolling 0.17 

Contingencies  and  profll O.IO 

Total    11.1* 
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n  U  noteworthy  Oiat,  In  qtlte  of  tfaa  fctct  that  mgtm  were  aboqt 
mw  third  wlutt  Ow  are  In  America,  the  unit  cost  ol  this  work  li 
■ImiMt  aa  great  ae  It  !■  In  America. 

Ur.  Hadtett  la  etroncl?  In  favor  of  thle  Intermittent  arBtem  of 
mnlr^  instead  of  the  old  contlnuoua  or  "patching  ^item."  He  la 
■In  hi  favor  of  a  lE-toa  rollor,  and  atales  that  It  will  do  tlO%  mora 
work  than  a  lO'ton  roller,  due  to  Ita  wider  tires. 

Coat  of  Maintaining  Macadam  Ro«d«,  Maaiachuaatta. — The  an- 
aaal  r^iorta  of  the  HaMachiuetta  HlKhway  Conunlialon  ibow  that 
Om  eon  of  "ordinary  repaln"  of  macadam  road^  whoae  ase  ranse* 
bwn  1  to  IE  years,  averages  about  (tOO  [>er  mile  per  year,  excludlnx 
Um  com  of  resurtacloK.  A  small  per  cent  of  the  maca&ain  roadi  are 
twv  beinc  resurfaced  annually,  this  work  being  classed  as  ei- 
tnndbuuT  r^Mlra  From  data  thus  tar  obtained  It  Is  estimated 
Ont  the  maximum  coat  of  all  repairs — ordinary  and  extraordinary — 
wlU  not  exceed  fSOO  per  mile,  unless  the  destruction  occasioned  by 
automobiles  shall  materially  increase  the  cost  of  malotena^ce.  The 
ttandard  Masmchusetts  road  Is  macadamised  16  ft.  wide. 

Cost  of  Repairing  Macadam  in  Massachusetts. — The  repalrinc  on 
iSO  ntles  of  macadam  roads  averaged  less  than  tlOO  per  mile  tor 
the  yrar  ISOl,  Bltbougb  the  first  of  these  roads  was  10  years  old. 
But  this  doe*  not  Include  any  general  resurfacing. 

In  the  report  for  I90Z  data  on  the  cost  of  repairing  three  heavily 
travded  roads  leading  Into  cities  are  given. 

Per  sq.  stone  per    Cost 

Age.                                            yd.  per  eq.  yd.     per  tan 

Boad.              yrs.     Iiength.     Width,      year,  cts.  per  yr.     In  pUc* 

Leicester «          I.IGO          24              E.IT  .03              ll.TO 

West  Fltcbburg..  I          2,200          IG              E.IG  .023              !,2S 

Bererly   S          Z,1S0          18              G.SO  .01                 l.gD 

None  of  these  road*  had  been  repaired  since  the  day  It  was  built. 
Ibe  Leicester  road  leads  Into  Worcester,  and  Is  much  more  heavily 
tiaveled  than  ordinary  country  roads. 

Dining  190G  the  conunlsaion  caused  to  be  repaired  GSO.T  miles  of  ' 
load^  the  average  coat  being  196.07  per  mile. 

resurfaced  with  broken  stone ; 

In  Table  UI  It  is  assumed  that  a  cubic  yard  of  stone  weighs  1% 
hms,  and  that  the  loose  broken  stone  shrinks  IS  per  cent  under  the 
<'nnpm'tlng  tonx  of  the  roller. 

nia  high  rate  of  wear  shown  In  Auburn  and  Hadley  Is  due  to 
Mnogtbeclng  the  road,  when  resurfacing,  by  an  Increased  depth  of 
I>«ken  stwie:  the  hit}]  in.te  of  wear  In  Quincy  and  Chelsto  la  due 
to  heavy  trafflc ;  Id  SturbrSdge.  to  a  poor  grade  of  etone  used  In 
the  original  conMmctlon.  In  the  case  of  Marlon  and  Rochester, 
the  original  road  was  macadamised  b?  those  towns  In  1S9S.  In 
Ibdier.  tS32  was  used  for  side  drains  and  In  strengthening  the  road. 
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TABLa  III. — Coexa  or  BuDRTACiNa  14  Macuiui  Roaob  Dounq  IROE. 


Town  or  City. 


ss      |j 


.1 


■S5-e-7 

to.ifls 

■01 

3.0B3 

SturbrldKB*     

ffiS.,- ■.:::: 

■r, 

TownsandT     

WeBtimrtt    

•u 

3,T0D 
3,015 

B.«t  tl.4> 


•lopal  atona  used. 

tTrap  rock  uied. 

Coat  of  Calcium  Chlorld*  m  ■  Du«t  PravMitativa.*— During  tho 
■unimer  of  190T,  tha  U.  S.  OOm  of  Public  Roada  undertook  a  aeries 
of  testa  to  determlna  the  value  of  calcium  chloride  aa  a  dust  pre- 
fantative.  Thaae  teeta  were  made  on  the  portion  ol  the  macadam 
driveway  iu  tha  Agricultural  Department  Qrounda,  la  WoablDKton, 
D.  C. 

Tha  roadway  on  which  the  teat  waE  made  la  built  of  trt^i  rock, 
bald  In  position  by  a  soft  llmeatone  binder.  The  acraenlnga  of  thia 
binder  pulverlied  rajildly  uoder  traffic,  formInK  a  light  dust  which 
paaalng  vehlclea  continually  raised  Into  the  air.  It  was  then  car- 
Hod  away  by  the  wind.  In  thU  way  the  road  waa  becoming 
•tripped  of  Its  binding  material. 

In  preparation  for  the  treatment  all  duat,  and  dirt  were  acraiH^ 
from  the  lurface  of  the  roadway.  A  solution  was  prepared  by 
mixing  SOO  Iba  of  commercial  calcium  chloride  (granular,  contain^ 
Ing  TG  par  cant  calcium  chloride  and  26  per  cent  moisture)  with 
too  gala  of  water  In  an  ordinary  street  sprinkler,  care  being  takan 
to  agitate  the  liquid  thoroughly  before  applying  It  to  Insure  » 
inlform  aolutlon.  It  was  then  applied  from  one  sprinkling  head,  and 
the  sprinkler  paaaed  slowly  back  and  forth  over  the  road  to  fadlltat* 
tha  complete  absorption  of  tha  aolutlon.  Bach  application  con- 
Mated  of  600  gala,  over  an  area  of  1,GS2  sq,  yda.  or  0.38  per  ail.  rd. 

The  first  application  waa  made  July  IS.  ISOT.  followed  by  a  almlUr 
Me  luly  IE,  to  Increaaa  the  efficacy  of  the  treatment,  nie  effect 
«f  the  first  two  treatments  was  marked.  No  auxiliary  sprinkling 
vas  naoessary  tor  some  time,   the  light  rataia  falling  ot  Intarv^ia 


I,  July  I.  is?a 
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■inilrlnff  all  the  molatur*  reoafred.  The  untreated  portloni  of  th« 
driveway  lying  parallel  to  lith  and  14tti  straeti;  were  eprlakled  dally 
and  vtiilclea  ratnd  >  perceptible  duM,  although  the  traffic  over  tlMae 
wlnci  wae  much  leu  heavy  thoji  that  on  the  treated  poitliM*. 

Durins  this  time  the  aspearance  o(  the  roadway  varied  per- 
c^Ubly  In  color  accordInK  to  the  moisture  in  the  road  nirtace, 
langlns  from  a  \lgbt  sray  when  dry  to  a  peculiar  i^BylBh  brown 
when  molR.  The  brown  ahadea  were  deepest  over  the  portion!  trav- 
awed  by  the  wheels  of  vehicles.  The  texture  of  the  road  surface 
vas  completely  changed  after  the  application  of  the  calcluin  chloride. 
Before  treatment,  ravellnK  was  excenalve  In  spoU  and  the  whole 
surface  seemed  loosely  knit  toretber.  After  the  application  on 
July  IE  thia  condition  changed  and  the  rood  surface  became  sinootli, 
compact  and  resIIIenL 

The  third  treatment  was  given  Aug.  S.  as  certain  points  exposed  to 
the  moat  severe  wear  were  showing  signs  of  raveling.  The  phe- 
nootena  following  this  treatment  were  not  unlike  those  attending  the 
flrst  set  of  aopllcatlona  and  repeated  themselves  as  later  applications 
were  made,  though  no  further  treatments  were  given  until  the  con- 
dlUoD  of  the  roadway  seemed  to  deiiiand  IL  Such  auxiliary  sprlnk- 
llng  as  was  necessary  consisted  In  the  application  of  about  0.2  gaL 
or  water  per  square  yard  at  a  time. 

The  accompaujing  table  shows  the  cost  of  applications.  The 
csjdum  was  donated  by  a  manufactuTing  chemical  company  of 
BalUnore,  Ud.,  and  Is  charged  at  the  rate  of  tie  per  ton,  f.  o.  b. 
car*  at  Baltimore.  A  freight  charge  of  la  eta  per  hundredweight 
Is  added  to  place  the  material  on  the  ground.  This  makes  the  total 
cut  of  the  calchun  cUorlde  $18.60  per  ton. 

Total.    Per  sq.  yd. 

»«  Iba  calcium  chloride IG.SSS         tO.DOSSS 

1  men,    1<^    hours 0.675  .0004i 

I  horse  sprinkling  wagon,  I^  hours 0.52S  .DOOSS 

Total   (1,SS2  sq.  yds.) lO.TSfi         10.00127 

Total  cost  of  Ave  applications  was  ftS.SO,  or  tO.OESE  per  Kltiare 
yard.  lAbor  was  paid  IE  cts.  per  hour  and  SS  cts.  per  hour  was 
pBld  for  the  crinkling  wagon. 

Tbs  spedflc  gravity  of  these  solutions  ranged  from  l.OGI  to  1.060. 
Snne  variation  was  unavoidable,  as  the  calcium  chloride  in  some  of 
the  barrels  bad  absorbed  a  large  amount  of  moisture  from  the 
Bttnoqthere.  In  such  cases  the  actual  percentage  of  the  chemical  to 
300  lbs.  was  leas  than  where  little  or  no  moisture  had  been 
sbKirbed. 

At  the  time  of  the  last  application  several  hundred  pounds  of  the 
■It  remained  unused.  This  was  divided  as  nearly  as  possible  Into 
t*o  parts,  to  be  applied  to  the  two  wings  of  the  driveway  lying 
parallel  to  IZth  and  14th  streets.  The  east  wing  received  a  treat- 
■«mt  of  6.28  gaL  per  sq.  yd.  of  a  solution  the  speclilc  gravity  of 
*lilch  was  1.14E  and  the  west  wing  a  similar  application  of  a  solU' 
tlon  having  a  medSc  gravity  of  l.lil.     No  further  sprinkling  was 
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lound  Dsceaaary  for  the  remainder  of  tbe  seaaon  upoo  theao  branCBea 
of  tbe  malD  drivewar. 

Coft  of  Tarring  Macadam,  Michigan.*— Mr.  Chnrlea  R.  Wright- 
man  Elves  the  followlnc  relative  to  1(,620  iq.  Tds.  of  work  done  In 
South  Haveo.  Hlch. 

The  local  ea>  company  furnlabed  the  tar.  The  plant  conelated  at 
a  roofer's  lar  kettle  which  held  about  l&O  gala  of  tar;  alz  gal- 
vaniced  sprlnkllnK  cans,  each  of  which  held  14  quarta;  the 
•prlnklers  were  removed  and  a  flat  ipout  with  H-ln.  opening  6  Ina 
long,  put  In  place  of  the  sprloklerB ;   one  doxen  flber  atahle  brooma 

The  kettle  was  set  up  about  midway  In  the  flret  block  of  Center 
street,  which  was  a  nen  macadam  street.  SO  ft.  wide,  from  wblch 
travel  bad  been  excluded,  and  which  had  been  allowed  ten  daya 

Two  barrels  of  tar  were  placed  In  the  kettle  and  brought  to  the 
boiling  point  then  It  "waa  drawn  Into  the  Bprlnklers,  FiR,  5,  two 
Of  which  were  carried  by  each  of  three  men  and  poured  with  & 


Fig.  B.    Tar  Spreader  and  Curb  Protector. 

■weeping  motion  from  side  to  side,  each  man  covering  about  <m«- 
thlrd  o(  the  width  of  the  streel,  thus  carrying  a  straight  (ace  of  tar 
up  the  (treet  Working  on  the  tarred  surface  and  closely  following 
the  aprtnklera,  woa  a  man  with  a  fiber  broom  who  smoothed  out  the 
thick  apota  and  rubbed  the  tar  In  wherever  dust  or  depression  pre- 
vented a  good  contact.  Immediately  following,  came  two  men,  who 
with  scoops,  uniformly  covered  the  tar  with  llmeatone  screening!  or 
"crushed  stone  sand"  to  the  depth  of  from  hi  In.  to  %  In.,  which 
wa«  then  Immediately  rolled  with  a.  10-ton  steam  roller  (weight  not 
■isontlnl).  and  the  street  then  thrown  open  to  traMa 

The  reaalts  of  this  work  are  that  the  street  la  free  from  stone 
dust  and  Is  dry  in  an  Incredibly  short  time  after  rains,  and  1  have 

'BneiiteBrlng-ContracHng,  May  8,   1907. 
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notkad  tta&t  bdow  melU  And  mat  off  much  foster  than  It  do«a  on 
brtck  Btraeta  and  tbat  a  few  hours  of  thaw  clean  the  street  so  lher« 
la  ootliliiK  to  freeie  when  nlKht  and  ■  lower  temiiersture  comes  on. 
We  now  treat  the  macadam  before  thrawltis  It  open  to  trafllc  as  we 
found  on  Dyckman  avenue,  which  had  been  In  use  about  three 
months,  that  the  mud  and  dirt  Interfered  serlouslr  and  we  did  not 
■et  as  sood  adheefoDs  on  this  street  In  this  case  the  surlace  was 
DrM  swept  clean  with  steel  brooms  and  all  q^ots  of  scale  or  drop- 
pinKS.  scraped  off  with  a  scraper  made  by  straightening  the  shank 
of  a  garden  hoe  until  the  blade  was  In  line  with  the  handle.  While 
It  was  a  decided  Improvement  to  this  street,  the  results  were  not 
as  satisfactory  as  on  the  new  surfaceii,  and.  If  possible,  I  would 
break  up  and  remetal'a  street  before  applying  tar. 

In  heating,  we  found  It  best  to  put  tar  Into  the  kettle  with  buckets 
about  as  fast  as  It  was  drawn  oft  Into  the  spreading'  cans,  thus  doing 
away  with  the  necessity  of  spreaders  waiting  for  "hot  stuff."  The 
kettle  sboald  be  on  wheels  so  that  It  could  be  moved  without 
drawing  off  the  tar  and  extlngulihlog  the  Area,  as  wa*  necessary 
with  the  kettle  which  we  used. 

On  about  1,000  aq.  yda  of  the  work,  torpedo  sand  was  used  for 
surfacing  in  place  of  limestone  screenlngB.  The  results  were  favor- 
able but  not  as  aatisfactory  as  when  screenings  were  used.  It  being 
found  that  It  was  very  hard  to  get  the  sand  dry  enough  properly 
to  take  up  the  free  tar;  but  I  believe  If  good,  sharp  torpedo  sand, 
free  from  moisture,  could  be  obtained,  the  results  would  be  satis- 

The  nnreflned  tar  which  was  used  on  this  work  Is  a  very  active 
Irritant  and  will  draw  a  blister  In  short  order.  In  order  to  obviate 
this,  men  handling  tar  should  keep  their  hands  and  faces  well 
smeared  with  fresh  lard.  On  th«  above  work,  we  used  about 
IS  lb*. 

In  order  to  keep  from  smearing  the  curb  stone  with  tar,  I  had 
made  two  sheet  Iron  guards,  Ftg.  E,  taking  a  piece  of  heavy  gal- 
vanised Iron,  Ifl  Ina  wide  and  S  ft.  long,  bent  In  the  middle  to  a 
right  antfe  and  provided  wllh  a  strap  handle  on  top.  This  was  laid 
on  the  curb  with  one  leg  of  the  angle  perpendicular  and  against 
the  face  of  the  curb,  the  other  lying  on  and  projecting  over  the  top. 
The  spreaders  moved  It  along  each  time  a  can  full  of  tar  was 
spread.    This  eliminated  the  unsightly  splotches. 

Some  judgment  has  to  be  exercised  on  the  work  of  spreading  tar. 
Apply  more  where  the  surface  la  open  or  not  "puttied,"  and  less 
where  surface  is  hard  and  close.  Oood  Intelligent  men  ^ould  be 
employed  as  spreaders  as  much  of  the  economy  In  tar  Is  dependent 
on  them.  Too  much  screenings  Is  preferable  to  too  little,  and,  afler 
rotUng^  the  surplus  may  be  swept  up  and  used  again. 

A  close  mtch  must  b«  kept  on  the  kettle  as  unrefined  tar  Is 
blghly  InSammablc  and,  after  It  starts  to  boll,  will  climb  over  the 
tn>  ot  the  kettle  very  quickly.  In  case  of  Are.  sand  should  be 
thrown  Into  the  kettle  until  the  fire  Is  smothered. 
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The  gang  waa  a>  lollowB  per  day  of  ID  hra. : 

1  kettloman    (elcCh  bh  foreman) t  I-IS 

i  barrel   men,   at  f  Z.ZB «.E0 

3  men  sprinkling  tar,  at  12.35 S.73 

1  man   brooming  tar,  at   II.T6 1.T6 

2  men  apreadlng  ncreenlngs.   at   tl.7S 3.&0 

1   team  hnullng  lar  and  screenings t.6D 

Total     122.25 

The  team  hauled  tar,  wood  and  screenings  and  moved  kettle  from 
place  to  place.  At  times  It  became  neeemary  to  put  on  an  extra 
team  to  keep  the  work  supplied  with  screenings,  but  ordinarily  one 
team  took  care  o(  the  whole  work. 

This  gBjig  averaged  about  1,GOO  sq.  yds.  (700  gala  tar)  per  day, 
and  the  cost  was  as  follows: 

tabor:  Persq.yd. 

Kettleman     (U.0OI6 

Barrelmen   0.0010 

Uen  sprinkling  tar 0.0046 

Han   brooming   tar 0.0012 

Men    spreading   screenlnga O.0D23 

Team    0.002S 

Total  labor  I0.OH8 

Materials: 

O.ias  Kala   lar.  at   1   cts. tO.OllO 

0.01TB  cu.  yd.  acreenlnBa,  at  90  eta 0.01S8 

Total    materials    fO.OiSB 

Qrand  totol    |0-01«6 

In  addition  to  the  abova.  the  city  roller  was  used  a  total  of 
15  hTS..  and.  It  we  assume  |1  per  hr.  for  the  roller,  tba  coat  of 
rolling  was  less  than  0.1  ct.  per  sq.  yd.,  which,  added  to  the  above 
1.E  eta.  gives  a  total  of  4.0  eta 

With  a  portable  kettle,  a  aavlng  of  20  per  cent  on  labor  would 
have  been  effected,  by  doing  away  with  the  time  lost  by  all  hands 
In  moving  the  kettle. 

Being  so  well  pleased  with  tar  on  macadam.  Mayor  C.  EL  Abel! 
authorised  an  experiment  on  clay.  Accordingly,  Chambers  street, 
which  Is  a  porous  yellow  clay  street  having  a  width  of  40  ft.  be- 
tween wood  curbs,  was  shaped  up  with  a  road  grader,  making  a 
crown  of  about  20  Ina  and  rolled  with  the  10-ton  steam  roller.  Tar 
and  screenings  were  applied  In  the  same  manner  as  on  the  macadam 
streets,  and  the  results  have  been  surprising.  This  street,  which  has 
been  practically  Impassable  every  spring  and  fall.  Is  now  perfectly 
dry  and  smooth,  and  a  passerby  would  suppose  it  was  macadamlaed. 
In  two  or  three  places  where  light,  uncompactcd  dust  was  on  the 
surface,  the  tar  and  atone  covering  has  t>een  broken,  but  otherwia* 
It  Is  in  perfect  condition,  shedding  the  water  nicely,  and  bids  fair 
to  be  a  good  hard  road  for  some  lime.  The  cost  of  the  tar  and  stone 
was  practically  the  same  as  on  macadam,  but  In  doing  this  work,  we 
have  learned  that  the  preparation  Is  the  essential  polnL  The  road 
should  be  shaped  and  carefully  smoothed  by  rolling  and  wettlns 
until  no  loose  or  dry  powdered  clay  remains:  and.  Just  the  rererae 
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btrta  inn>-n>iat«  which  must  be  perfectly  dry.  the  clay  ahould  be 
■Ughtly  nuilsl.  as  the  hot  tH.r  on  dry,  powdered  clay  rolls  up  Into 
minute  balla  and  does  not  spread  out  aa  it  should  in  a  nim  or  sheet. 
In  every  Instance,  Uie  tar  should  be  as  near  the  bolliOK  point  as 
possible,  when  applied  to  the  street 

Cost  of  Tarrlna  Macadim,  Massactiusetti.*— The  rollowlng  data 
relate  to  some  experimental  road  treatments  made  lost  year  by 
the  Hetropolltan  Park  Commission  on  roadways  at  Revere  Beach 
Parkway.  Massachusetts.  The  experiments  were  made  with  a  spe- 
cially prepared  coal  tar  known  as  Tarvla.  and  a.  total  length  of 
SH  miles  of  roadway  was  treated  with  this  materlBl,  the  work  being 
done  by  day  labor  under  the  supervision  of  the  Bnelneerlng  Depart- 
ment of  the  commission.  The  work  was  begun  Aug.  Z5.  I90B.  and 
«aa  completed  Sept.  ii.  a  total  of  67,434  sq.  yds.  of  roadway  having 
l>een  treated  at  a  cost  of  $4,494. 

The  force  employed  consisted  of  one  foreman  and  seven  Isborers. 
A  street  sweeper,  a  sand  sprinkler,  a  double  team  and  one  steam 
roller  were  used  In  the  work. 

The  Tarvia  was  delivered  in  lank  wagons,  and  the  cost  Of  hauling 
same  was  paid  by  the  commission.  The  same  mon  were  used  for 
the  various  operations  of  cleaning  the  road,  spreading  the  Tarvia 
and  covering  with  screenings.  The  delalled  costs  of  the  work  are 
given  by  Mr.  John  R.  Rablln  as  follows; 

Tarvia.   0.4   gals. tO.Oi62 

Stone  screenings.   0.015  tons O.OISI 

Total  materials   f0.01i6 

Preparing  roadway   10.0086 

Applying  Tarvia    O.OOST 

Applying  screenings   0.0D62 

Rolling    O.0O47 

Total     IO.0862 

Grand    total    10.0698 

Thus  a  new  smooth  surface  was  formed  over  the  bare  stone,  which 
seems  to  be  holding  well ;  the  dust  nuisance  was  abated,  and  In 
time  of  wet  weather  the  roadways  were  entirely  free  from  mud- 
Regarding  the  permanency  of  the  results  obtained  Mr.  Rablln  writes 
us  that  the  work  which  was  done  last  fall  has  proved  very  satis- 
factory, and  the  commission  Is  now  treating  other  roads.  In  a  sub- 
sequent Issue  If  Bnoi-neertng-Contractiiig  <Dec.  18,  190T),  Mr.  Rablln 
states  that  about  half  of  the  alrava  yardage  was  treated  again  with 
Tbrvla.  due  to  the  fact  that  It  had  t>egun  to  show  signs  of  wear. 

In  190T.  about  BO.OOO  additional  sq.  yds.  of  roadway  were  treated 
with  Tarvia.  the  average  coM  being  as  toUows : 

l^rrlo,  0.4B  gal 10.0314    ' 

StMie  KreenftgA  0.018  tons O.OItO 

Labor    0.01S6 

Total     »0.07ai 

•  etm^nteriKg-Cmtractina,  Juno  12,   190T. 
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The  oTganliatlon  and  waKen  were  as  foUowB: 

Pei'dur. 

1  foreman     v  ;  ■  ■  ■ .- *  I'lS 

1  double  team    (Z   horeee  and  driver) G.uO 

1  alnsle  team    (l   horee  and  driver) !.50 

7  laborer!  cleonlnK  road,  at  »2. 14.00 

5  laborere  apreadlnB  Wr,  at  SJ 10.00 

3  laborers  apreadinc  BcreenlnBO,  at  |Z G.OO 


Total     IBl.IS 

I  havo  asBumed  the  |10  dally  rate  for  the  steam  roller  (Includ- 
Ins  coal,  englneman,  etc.),  lor  Mr.  Hablln  does  not  aUte  Its  rate. 

Since  the  averase  cost  of  labor  waa  1.90  eta.  per  ea.  yd.,  we  Infer 
that  about  2,600  aq.  yds.  were  treated  per  day,  tor  »B1,2B  -;-  (0,01)8 
=  2010.  If  this  Inference  i«  correct,  wo  have  the  following  Item- 
lied  coit  of  the  labor : 

Per  »l^  yd. 

Foreman     10.0011 

Teams,  sweeping;,  sprinkling  sand.  etc. 0.0033 

Laborers   cleaning   road 0.006J 

laborers  wreadinK  tar O.OOai 

liSborera   Bpreadlng  screenlnKI 0.0023 

Roiuns  i.ooaa 

Total     tO.OllI 

It  will  be  noted  that  the  above  contains  no  Item  for  cost  of  heaUac 
the  tar  nor  for  hauling  It. 

Coit  of  Tarring  Macadam,  Jackson,  Tenn.*— Mr.  Lofaa  Wkller 
PaKe,  Director.  OlUce  of  Public  Roada,  Klve*  the  foUowIns  data  of 
work  done  under  Mr.  Samuel  Uincaster's  direction. 

The  macadam  streets  In  the  business  center  of  Jackson  were 
built  originally  of  the  hard  alllclous  rock  known  as  novacullte. 
About  May,  1905,  after  fifteen  years  of  wear  repair  of  these  itreeta 
l>ecame  necessary. 

The  old  mirfaco  was  flr«t  swept  clean  with  a  horae  sweeper.  This 
was  dime  because  tar  will  not  penetrate  a  road  surface  whioh  Is 
covered  with  dust  and  loose  macerlala 

Next,  the  surface  was  loosened  by  means  of  spikes  placed  In  tlM 
wheels  of  a  10-ton  steam  roller,  the  street  reshaped,  and  new 
material  added  where  needed. 

The  road  was  then  sprinkled,  rolled,  bonded  and  flnlshed  to  form 
B  hard,  compact,  even  surface,  and  allowed  to  dry  thoroushly  before 
either  tar  or  oil  was  applied,  (or  these  substanoes  cannot  penetrate 
a  moist  road  surface.  The  best  results  are  obtained  when  the  work 
Is  done  In  hot,  dry  weather,  and  accordlnxlr  the  tar  was  first 
applied  In  Aoxust 

Other  sections  of  atr«ets  and  roads  were  built  of  new  material 
entirely  and  accordtnc  to  well-known  principles  of  macadam  oon- 
atniotlon.  but  no  tar  or  oil  was  put  on  them  until  after  they  had 

»Enoln»eHna-Co*tTaeliHs,  July  t,  1100. 
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me  tar  used  waa  a  by-product  from  the  manuractura  at  coke 
ind  was  practically  free  (rom  molBture.  It  waa  received  at  me 
taUvoy  station  in  standard  steel  tanks  of  about  g.OOO  gals,  capac- 
IV-  A  portable  boiler  was  connected  with  the  steum  collH  of  tbeae 
'  task  cars  to  heat  the  tar  and  keep  It  hot,  thus  HsvinK  time  In 
bringing  It  to  the  temperature  deelred  for  spceading  on  the  road. 
Il  vaa  then  taken  from  the  tank  cars  and  poured  Into  a  cylindrical 
Unk  wsEon  of  &00  sals,  capacity  by  means  of  a  hand-lever  pump. 
TUs  portable  tank  had  a  amall  fire  box  under  one  end  with  a  flue 
nmninK  directly  beneath  the  tank  to  a  Bmokeatack  at  the  other  end. 
A  Ute  was  kept  in  the  Ore-box  and  the  tar  brought  to  a  temperature 
whldi  generally  reached  110'  F.,  but  when  placed  an  the  road  it 
«u  reduced  to  a  temperature  ot  from  100°  to~lSO°  F.  The  hottest 
tar  induced  the  best  results. 

A  boriiontfti  pipe  with  an  adjustable,  longitudinal  slot,  attached 
to  the  rear  of  the  wagon  and  extending  down  close  to  the  surface 
o(  ths  road,  was  flrst  ueed  to  spread  the  tar.  but  this  became 
ckigged  and  did  not  give  an  even  Sow.  It  was  therefore  abandoned, 
ind  [0  place  ot  It  (t  piece  of  four-ply  lli4~In.  rubber  hose  was  at- 
tached to  the  wagon.  This  bose  bad  a  noule  of  l-In.  pipe,  slightly 
Dattcaed  at  the  end  to  produce  a  broad  stream,  and  was  provltled 
with  a  valve  for  controlling  the  How.  The  tar  was  spread  with  this 
hose  over  a  radius  of  about  16  ft.  of  road  surface. 

laborers;  with  itreet  cleanerf  brooms  of  bamlKM  fiber,  followed 
tlM  tank  and  swept  the  surplus  tar  ahead.  They  spread  It  as  evenly 
SDd  quickly  aa  possible,  and  In  a  layer  only  thick  enough  to  cover 
.  the  mrface.  One  side  o(  the  street  was  finished  at  a.  time,  and  bar- 
ricades placed  to  keep  off  the  traffic  until  the  tar  had  had  time  to 
■oak  Into  the  surface.  The  time  allowed  for  this  process  was 
Tirlcd  from  a  few  hours  to  several  daya  Prom  the  results  ob- 
talnea  It  can  be  stated  that,  under  a  hot  sun,  with  the  road  surface 
■boroi^ly  compact,  clean,  and  dry.  and  with  the  tar  heated  almost 
la  the  boiling  point  and  applied  as  described  above,  tbe  road  will 
absorb  practically  all  of  It  In  eight  or  ten  houra 

A  light  coat  ot  clean  sand,  screenlngrs.  or  the  clean  particles  swept 
bota  the  surface  of  the  road,  may  then  be  spread  as  evenly  as 
possible  and  rolled  In  with  a  staani  roller.  These  different  top 
hyeri  were  applied  to  various  sections,  and  In  one  case  the  road 
was  left  to  dry  without  spreading  anything  except  the  hot  tar.  In 
another  Instance  sand  was  applied  to  the  tar  within  two  hours, 
which  resulted  In  the  absorption  of  the  tar  by  the  aand  and  lessened 
lis  penetration  of  the  road  surface.  It  was  necessary  to  remove  this 
mnd-tar  mixture,  wlilch  peeled  up  under  tralllc.  A  suITlclent  amount 
ef  tar,  however,  had  penetrated  the  surface  of  the  road  to  make  It 
waterproof,  and  after  more  than  seven  months  of  service  this  section 
of  street  Is  In  good  condition. 
In  wrmdlng  the  coat  of  material  for  drying  tbe  surface  of  the 
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road  and  abwrblng  the  nirplua  t&r,  onl^  enouKh  should  be  used  to 
cover  It  lightly,  as,  after  rolllns.  this  surplus  material  will  be  washed 
or  blown  away,  or  It  may  be  removed  with  street  sweepers  and  the 
surlace  lelt  smooth  and  clean. 

After  more  than  seven  months,  Including  the  winter  season  of 
190S-6.  the  tarred  streets  and  roads  are  still  In  excellent  condition. 
They  are  hard,  smooth  and  resemble  asphalt,  except  that  they  show 
a  more  Britty  surface.  The  tar  forms  a  part  of  the  surface  proper 
and  Is  in  perfect  bond  with  the  macadam.  Sections  cut  from  the 
streets  show  that  the  tar  has  penetrated  from  I  to  2  Inches,  and  the 
line  black  lines  seen  In  the  inlersUces  between  the  Individual  stones 
show  that  the  mechanical  bond  has  been  reinforced  by  the  pene- 
tration of  the  tar.  The  tar  is  a  matrix  Into  which  the  stones  of  the 
surface  are  set.  forming'  a  conglomerate  or  concrete.  A  second 
coating  applied  a  year  after  the  first  would  require  much  less  tar 
than  the  flrst.  as  the  Interstlcea  of  the  rock  would  then  be  filled 

On  Ave  dllTerent  sectlona  having  a  total  of  1S,S3E  sq.  rds..  the 
average  cost  of  the  labor  was  about  as  follows: 

lAbor.  sweeping,  at  tl.SG  per  ID-br.  day ;o.oai4 

Filling  tank,    heating  tar.   and   hauling   to  the 

road    O.OOia 

lAbor.  applying  tar O.OOSO 

labor,  applying  sand  or  screenings 0.0030 

Total   labor    10.0088 

The  total  labor  was.  therefore,  less  than  1  ct.  per  sq.  yd.  Negro 
labor  was  used,  at  tl.2G  for  10  hra,  and  teams  were  paid  83  per 
day.  The  average  quantity  of  tar  was  0,4E  gaL  per  sq,  yd.  The 
labor  cost  of  heating,  hauling  and  applying  the  tar  was  O.lt  ct. 
per  sq.  yd.,  as  above  given,  or  practically  1  ct  per  gal.  of  tar,  ex- 
clusive of  the  labor  of  sweeping  and  of  applying  sand :  but,  Includ- 
ing those  two  Items  of  labor,  the  labor  cost  was  practically  3  cts. 
per  gaL  of  tar. 

Cost  of  OINna  Macadam,  Jacksen,  Tenn.*— Mr.  Logan  Waller 
Page  gives  the  following.  (For  comparative  data  on  tarring  ma- 
cadam at  the  same  place  and  time,  see  page  aoo.) 

Beven  tank  cars  of  oil,  given  by  some  Texas  and  Louisiana  com- 
panies, were  used  at  Jackson.  It  varied  In  quality  from  a  tight, 
crude  oil  to  a  heavy,  viscous  residue  from  the  refineries.  Over  T 
miles  of  country  road  and  several  city  streets  were  treated. 

At  first,  some  of  the  lighter  crude  oils  were  applied  witb  the 
same  tank  wagon  that  wns  used  for  the  tar.  Hose  and  brooma 
were  used  to  spread  the  oil,  and  practically  the  same  process  wax 
followed  as  with  Die  tar.  The  oil  soaked  Into  the  macadam  very 
quickly  and  left  no  coating  on  top.  It  caused  the  light  covertnc 
of  sand  which  was  applied  to  pack  down  and  g^ve  the  road  a  dark 
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It  was  BOOD  noticed  tlut  th«  preliminary  aweeplns  n 
UTf,  aa  the  rosda  were  practically  free  from  dust,  aod  oil  aoil 
«ould  penetrate  the  BurfBce.  The  reniovHl  of  detritui  Wu  a  loae  to 
Itw  Riad,  which  hod  to  be  replaced  b;  mnd  to  prevent  exceolve 
wear  on  the  atone.  It  was  later  found  that  It  was  much  cheaper  to 
Ve  on  ordinary  fetreet  eprlnkler  than  the  tank  wa^on,  and  In  this 
can  ^readins  the  oil  with  brooma  was  unnecessary. 

The  erode  oil  was  uaed  cold,  and  the  cost  of  applyluK  It  with  the 
different  methods  used  Is  fdven  below. 

Oa  a  city  etreet  8.2SI  aq.  yda  were  treated  at  the  rate  of  0.18 
o(  a  saL  of  oil  per  sq.  yd.  with  the  use  of  Ihe  tank  wagon  and 
bote.     The  coet  of  labor  per  square  yard  was  as  follows : 

Per  sq.  yd. 

Sweeping  street    (0.0011 

Filling  tank  and  hauling 0.0008 

Oiling  street    ; 0.0024 

Spreading   sand 0.0014 

Total    JO.OOST 

On  a  coontry  road  2.000  gals,  were'  spread,  covering  5.100  aq. 
Tda,  Bl  a  rate  of  0.38  of  a  lal.  per  eq.  yd.  The  average  haul  was 
1  mile.  Only  the  manure  was  removed  before  oiling.  The  cost  of 
labor  averaged  t0.«033  per  aq.  yd. 

It  look  9  men  tO  mttia  to  spread  EO*  gala,  or  one  tank  loa't.  and 
the  IB-fL  road  was  covered  at  the  rate  ot  1,8(0  ft  per  hour.  It 
took  !S  mina  to  HII  the  tank  with  oa 

With  tn  ordinary  street  qirinkler.  one  man  and  team  spread  one 
load-  of  too  gala  of  oil  In  IS  mine.  The  sprinkler  thus  spread 
too  gala  In  one-half  the  time  that  It  took  !>  men.  with  the  tank 
wagon,  to  Qiread  500  gals. 

The  hfsvy  residual  oils  were  so  thick  when  cold  that  they  would 
not  ran  through  a  2-ln.  Are  hose  attached  to  the  rear  of  the  tank 
wafon.  and  It  was  necessary  to  pump  the  oil  upon  the  road.  The 
pump  with  which  the  tank  was  charged  was  used  tor  this  operation. 
Only  one  tank  wagon  (500  gala)  of  the  heavy  oil  Was  applied  cold. 
It  formed  a  thick,  sticky  mass  on  Ihe  top  of  the  road  that  rolled 
■boot  under  pressure  and  seemed  to  have  an  unlimited  capacity  for 
ataorblng  the  sand  which  was  spread  upon  It.  The  street  had  to 
te  cleared  ef  the  greater  part  of  this  mass  of  on  and  sand  within 
n  short  time. 

After  this  experience  the  oil  was  heated  In  the  tank  car  by 
•((am.  and  better  remits  followed.  II  still  ran  slowly  through  the 
boss  and  nonle,  and  It  was  found  cheaper  to  take  off  the  hoee  and 
allow  the  oil  to  (low  from  (he  outlet  of  the  tank  'wsgon  dlrectlv 
upon  Ihe  road,  where  the  men  swept  It  over  the  surface  with 
InvomK  An  air  pomp  was  tried,  to  Increaae  the  dow  of  the  tnnk 
ingon  by  pressnr&  but  the  (ank  was  not  tight  enough  to  prevent 
the  escape  of  air,  and  this  experiment  was  unsuccessful. 

Twenty-four  hours  after  the  application  of  the  residual  oil  It  was 
covered  with  sand  or  limestone  screenings,  and  In  four  dnys  It  was 
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flrm  enough  to  bear  tr&filc  without  stiowlng-  any  wheel  tracks     It 
Bhed  the  water  well  In  a  violent  rain  atorrn. 

The  followlnK  was  the  labor  coat  per  sQuare  yard  of  putting 
roMdual  oil  on  city  rtreets  with  the  use  at  the  tank  waKon.  Ap- 
proximately O.Tl  sal.  of  oil  waa  u*ed  per  square  yard; 

Sweepins   street    tO-OOl* 

Heatlnfc.  loadlns  and  haullDK 0.0011 

OilinK    street    0.002B 

Bprea^lnK  sand    O.OOtt 

Total     tO.DOrg 

Excenent  results  can  be  secured  by  the  use  of  this  heavy  residual 
oil  il  It  can  be  applied  to  the  surface  of  the  road  at  a.  tempera- 
ture approaching  the  boiling  point. 

The  medium  Bna.de  of  ol],  which  was  tried  next.  Is  classed  by  the 
rellnerB  oh  "steamer  oil,"  It  was  heavy  enouch  to  leave  a  etl^t 
coatlns  on  the  surface,  which  made  a  very  compact  covering  with 
the  dust  of  the  road.  Only  the  beavy  matter  was  removed  from  the 
aurtace  of  the  road  before  applying  the  oil.  It  was  heated  by 
steam  In  the  car,  but  was  not  hot  when  It  reached  the  road.  It 
was  not  safe  to  build  a  Are  In  the  tank  wagon,  and  the  best  road 
surface  was  obtained  where  the  all  was  at  the  highest  temperature. 
Some  method  of  heating  the  oil  nfely  on  the  road  would  greatly 
Improve  the  reault  This  could  be  accomplished  with  a  steam  trac- 
tion engine  having  steam  colls  connected  with  the  tank,  the  engloe 
hauling  and  heating  the  tank  while  spreading  the  oil.  Host  of 
this  oil  was  applied  with  the  street  sprinkler,  and  It  sprayed  rwdlly 
when  hot. 

In  applying  the  greater  part  of  the  oil  on  the  country  roada  th* 
following  men  and  equipment  were  used: 


I  lat»>rers,  at  |1.!G 1.G0 

'I  tank    wagon     i.OO 

1  street  sprinkler   S.OO 

E  flFMnen,  at  f  l.SO S.OO 

1  t<M>    ooal     4.0D 

Total     |ja.SO 

This  force  spread  3  tank  wagons  and  i  sprinkler  tank  loads,  or 
1.300  gala  per  day.  making  the  cost  O.T  ct.  per  gaL  The  I  laborers 
(negroes)  pumped  the  oil  at  the  car  and  worked  on  the  road.  It 
will  be  noted  that  It  required  about  0.6  lb.  coal  to  heat  1  gal.  at  oIL 
No  sweeping  was  done  on  the  country  roads  except  to  renHrve 
manure  and  to  spread  the  oil  where  It  was  Inclined  to  puddle.  No 
^nd  or  other  material  was  applied  to  the  road  after  oiling. 

Uor«  than  seven  months  have  now  elapsed  since  the  work  was 
done.  The  light  cnide  oil  has  produced  little  If  any  permanent  re- 
sults. The  roads  where  It  was  applied  are  but  slightly  changed, 
and  SMne  dust  arises  on  them  from  tratRc.  The  only  apparent  re- 
sult Is  a  slightly  darfcer  color  on  the  "shouldenT  of  the  road,  and 
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but  little  difference  can  be  noUced  between  tble  and  otber  a 
of  tbe  rood  which  were  not  treated.  This  oil  was  too  volatile  for 
lilt  purpgoe.  and  wbere  It  hal  to  be  alilpped  for  any  distance  doei 
Bat  Justify  the  expense  of  uslnE  It- 

The  nieilEiim  "steamer  oil"  from  Texas  has  slven  Kood  results. 
ttien  Is  a  thin  surface  coat  of  duet  packed  down  that  protectB  the 
stone  from  the  Erlud  and  pounding  of  trafBc.  This  effect  Is  very 
Dotlceable  in  driving  over  It.  The  harsb  grinding  noise  of  the 
wheels  which  Is  pronounced  on  the  novacullte  surface,  disappears 
U  once,  and  there  la  decided  relief  In  driving  upon  It.  It  la  prac- 
tically noiseless.  This  coating  la  perhaps  one-eighth  of  an  Inch 
thick,  and  Is  not  a  concrete,  but  compacted  dual,  which  la  made 
to  cohere  by  the  oil  with  which  It  la  aaturated.  Thia  road  doea  not 
wash  or  "pick  up,"  and  the  wear  on  the  rock  la  much  dacreaaed. 

Coat  of  Oiled  Earth  Strest,  Arkanias.*— Mr.  Prank  H.  Wright 
elves  the  following: 

The  street  In  queallon  (Helena,  Ark.)  waa  about  TOO  ft  long  and 
waa  oiled  for  a  width  of  40  ft.  The  soil  was  a  soluble  yellow  clay, 
and  In  heavy  rainstorms  there  bad  always  been  much  washing  of 
the  gutters  and  In  the  wagon   Iraoka  on  the  crown. 

Preparatory  to  oiling,  the  street  was  thoroughly  plowed  twice 
for  a,  width  of  40  ft.,  the  amount  used  for  trafflc,  a  small-pointed 
Avery  plow  with  a  steel  beam  being  used.  After  plowing,  a  disc 
barrow  waa  thoroughly  applied,  after  which  a  toothed  harrow  was 
naed  until  the  street  was  like  ashes.  One  team  with  a  driver 
was  used  In  this  preliminary  work,  but  a  shaker  naa  used  with  the 
plow.    Tbe  plowing  and  harrowing  consumed  about  two  days. 

The  ail  was  brought  to  the  street  by  a  team  carrying  three  E2-gaI. 
birrela  To  get  Che  oil  from  the  tank  car  a  small  lever  pump  was 
bolted  to  the  Soor  timber  of  the  car  at  the  side  of  the  tank,  and  a 
coDDCctlon  made  to  the  Inside  of  the  tank  by  a  siphon  made  of  S-ln. 
wrought  Iron  pipe  and  nitings.  The  driver  with  one  man  to  pump 
was  able  to  leave  the  street,  go  to  the  car  and  flU  the  three  barrels 
and  return  exactly  In  SO  mlns. 

In  applying  the  oil,  a  atrip  aboul  IB  tL  wide  waa  taken  on  each 
side  of  the  street  the  street  not  being  closed  to  tialDc.  and  three 
men.  each  equipped  with  a  2-gal.  crinkling  can,  with  the  epray 
roneved,  poured  the  oil  on  the  pulverised  surface.  Each  man  worked 
In  his  own  section,  about  20  fL  long,  the  driver  lllllng  the  sprinklers 
by  pumping  from  the  barrels  with  a  tin  oil  pump. 

A  load  of  coarse  sand  was  dropped  about  every  EO  fL  on  the 
oiled  strip,  and,  during  the  absence  of  the  wagon  in  refilling  the  bar- 
rela.  this  sand  was  spread  by  the  men  In  the  same  manner  that  aand 
Is  applied  over  a  newly  grouted  brick  pavement. 

After  one  aide  had  been  oiled  and  sanded,  a  strip  on  the  other 
rfde  was  treated  In  a  like  manner,  and  the  center  strip  was  again 
plowed  and  harrowed,  having  become  compacted  by  trafllc.  After 
the  center  strip  had  been  treated  the  whole  strip  waa  gone  over 

*Esirfneerlnp-Ci>ntract{Hfr.  Nov.   21,  190S. 
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with  a  toothed  harrow,  nnd  wan  (hen  oiled  and  aandad  a  second 
time,  but  WBa  not  harrowed  aKaln. 

The  work  wbb  done  In  the  llrW  week  of  July  and  until  recently 
there  had  been  comparatively  little  dust  and  no  mud.  nor  had  there 
been  any  mora  waehlns  where  formerly  It  was  exceoafve  after  a  hard 
rain.  There  have  been  several  hard  rains  this  summer,  one  coming 
soon  after  the  street  was  treated. 

Tn  applying  the  oil  It  took  the  three  men  exactly  one  hour  to 
dispose  of  the  three  S2<bbJ.  barrels  of  oil  over  a  surface  of  16  ft  ;c 
IDO  tL.  or  l.EOO  sq.  ft.  One  man  scattered  with  a  ehovel  one  wason- 
load  of  sand  [about  24  cu.  fL)  over  an  area  of  60  ft  x  SO  ft.  or 
S.0OD  sq.  ft,  In  IE  mina 

The  gang  waa  as  follows: 

1  foreman,    at    tl.60 t  I, GO 

2  teams,    at    13.00 «.00 

3  laborers,  at   I1.2B J.76 

Total     tl  LSS 

It  took  this  ganK  3!^  days  to  oti  3,110  sq,  yds.,  the  coat  being  as 

Per  sq.  yd. 

Laborers,  at  11.25  per  day (O.00E4 

Teams,  at  »».00  per  day O.OOGB 

Foreman,  at  tl.BO  per  day O.OOIT 

0.9       Bala.  oil.  ai'yciB.','.'.'.'.'.'.'.'.','.'.'.'.'.'.'.'.'.'.'.'.    oiOZU 
O.OII  loads   (24  cu.  ft.)   sand  at  TG  cts 0.0081 

Qiand  total 10.0*63 

Since  a  team  and  driver  and  one  man  to  pump  the  oil  could  pump 
and  deliver  C  bbls.,  or  312  gala  per  hr.,  this  Item  of  cost  was  0.14 
ct.  per  gal-  Blnce  it  took  3  men  2  hra  to  spread  the  0  bbla,  or  312 
gala,  the  cost  of  spreading  the  oil  was  0.24  ct.  per  gal.,  making  a 
total  of  0.33  ct.  per  gat.,  even  with  this  crude  way  of  spreading  the 
oil  with  2-gal.   sprinkling  cane. 

Cost  of  oiling  Macsdsm,  N«w  York  State.*— Ur.  Arnold  O.  Chsp. 
man  gives  the  following  description  of  oiling  certain  New  York 
state  roads  In  1906. 

An  ordinary  (00-gal.  steel  tank  on  wheels  was  equipped  with 
an  "oil  distributor"  or  sprinkler  of  the  kind  that  has  been  devel- 
oped In  CaUfornln  for  distributing  heavy  oils.  The  characteristic 
features  of  this  type  of  sprinkler  are  that  the  oil  la  distributed 
directly  downward  upon  the  road  surface  and  that  the  width  of 
the  application  may  be  regulated  from  18  Ina  to  S  ft,  as  can  also 
tlie  amount  of  oil  applied,  by  the  manipulation  of  levers  by  the  op- 
erator, who  sits  In  the  rear  of  the  tank.  From  his  position  the 
operator  can  adapt  the  How  of  oil  both  as  to  quantity  and  width, 
as  the  condition  of  the  road  may  demand. 

To  unload  the  oil  from  the  e.OOO-gal.  U.  T.  Ij,  cars.  In  which  It 
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vaa  received,  a  dlapbnicm  pump  was  used,  fastened  to  the  dome 
nf  the  car.  By  meana  ol  an  Iron  cbute  the  oil  was  conveyed  from 
tlie  pun<i>  to  the  sprinkler  tank.  This  method  was  rAther  cumber- 
■orae  and  unhaody  and  entailed  tbe  loss  of  too  much  ctme  In  eetUns 
up  the  pump  and  In  unloadtuK  the  oil.  but  tt  was  the  best  and 
eheapCBt  available  al  that  tima  However,  It  can  be  greatly  Im- 
proved upon  when  tbe  otUnK  1*  undertaken  on  more  than  an  ex- 
perimental basia 

The  oil  UKd  was  that  known  as  the  Raglan  oil.  obtained  throu^ 
ihe  Standard  OH  Co.,  from  llielr  wells  at  Bait  Lick.  Ky.,  at  a  co« 
of  l.TB  ct&  per  sal.,  I.  a.  b.  at  the  various  places  where  used.  This 
Is  a  crude  olU  being  black  and  heavy,  due  to  the  presence  of  aapbolt, 
of  which  the  producers  claim  a  30%  to  3G%  base.  When  cold,  the 
now  of  oil  IB  slow  and  BlusKlsh,  but  when  warm  it  flows  with  a 
reasonable  degree  of  rapidity. 

On  the  seventl  sections  of  road  treated  the  methods  of  applica- 
tion varied,  Borne  being  sanded,  others  swept,  and  some  treated,  as 
left  by  the  trafflc.  While  the  oil  was  being  applied,  tralllc  was  not 
suspended,  but  the  people  chose  the  sides  of  the  mad  not  oiled.  Car 
a  few  days  until  tbe  oil  had  been  taken  up  by  (he  surface  and  did 
not  have  a  tendency  to  adhere  to  the  vehicle  l!res  and  to  be  thrown 
upon  the  garments  ot  the  people  riding  or  on  vehlclea  Prom  ob- 
servation during  the  experiments  It  was  noted  that  the  t>eBt  results 
were  obtained  when  the  surface  of  the  road  was  warm  and  dry 
and  the  day  was  also  clear  and  warm. 

About  1S.700  gala  were  applied  to  8  different  macadam  and 
gravel  rosdi^  having  an  aggregate  ot  13^  miles,  having  an  aggre- 
gate width  of  ID  ft,  making  an  average  of  about  1.400  gala  per 
mile,  or  nearly   0.24   gala  per  eq.  yd.      The  average  haul  was  m 

Ordinarily  the  gang  was  one  teanl  (with  driver)  and  one  laborer 
to  pump  oil  and  to  operate  the  levers  ot  the  oil  distributor  when 
sprinkling.  The  average  labor  cost  per  gallon  wan  as  follows,  team 
receiving  |4  per  S-hr.  day,  and  laborer,  31.TG : 

Per  gal. 

O.OOS  hr.  team,   at    fO.EO 30.0030 

O.OOT  hr.  laborer,  ot  J0.2S 0.0016 

Total     t0.004B 

To  this  cost  of  approKlmately  V,  ct.  per  gal.  should  be  added  ths 
ca«t  ot  supervision,  and  ot  plant  chargea 

The  average  cost  per  sq.  yd.  was  as  follows   (excluding  supor- 

0.24  gal  oil,  at  4.7B  eta V.JO.OllS 

I«bar,  0.24  gala,  spread,  at  0.45  ct O.OOll 

Total    (0.0120 

At  11i  ctB.  per  sq.  yd.,  a  mile  ot  road  10  ft.  wide  was  oiled  tor 
ITS,  not  Including  supervision  nor  plant  charges. 

One  stretch  ot  gravel  road  2.S  miles  long  and  8  ft.  wide  was  oiled 
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with  S.IOO  gala.  In  1  days  nt  the  followlnx  con,  altbouBh  the  M 
was  hauled  an  avOTage  of  2M  mllea: 

D.0048  hra.  team,  at  tO.GO lO.Ooil 

0.DO48  hra  pumpman,  at  |0.Z2 0.0010 

Total     tQ.OOH 

The  COM  per  sq.  yH.  wai : 

0.26  BaL  oil,  at  4.TS  eta |0?il« 

Labor,   0.26  gal.  apread,  at  O.Si  ct O.OQOB 

Total    J0.01J3 

The  Item  of  supervision  (IncludlnK  travellns  expense)  is  Klven  tn 
none  of  the  above  summaries  ot  cost,  for  it  was  exceedingly  hlKh 
(aboat  0,6  ct.  per  gal.,  or  twice  what  the  actual  spreading  cost). 
due  to  the  fact  that  a  slate  engineer  accompanied  the  gang  and 
traveled  from  road  to  road  at  an  expense  that  would  not  onli- 
narlly  be  called  for  except  in  cases  of  experimental  work  like  thia. 
Cost  of  Oiling  Macadam,  Kansas  City,  Mo.*— Mr.  W.  H.  Dunn 
Klves  the  following  relative  (o  olHng  376,100  sq.  yda  of  park  ntada 
(macadam)  In  I»07.  During  the  year  moat  of  the  roads  were 
given  two  treatments  of  residuum  oil  from  the  Kansas  field.  The 
price  ot  the  oil  was  77  eta  per  bbl,  of  42  gals,  or  ],84  eta  per  gal. 
The  first  treatment  with  oil,  during  May,  June  and  July,  coat  as 
follows : 

0,!i  gal.  oil.  at  1,84  eta. lO.OOSlP ' 

Labor  and  acreenlngs 0,0089 

ToUl     $0,0118 

This  Is  a  Irlfle  less  than  1^  eta,  per  sq.  yd. 

The  second  oiling  was  done  In  August,  September  and  November, 
covering  200,000  sq,  yds.  In  addition  to  the  375,400  that  had  been 
oiled  in  the  early  summer,  and  the  cost  was  as  follows : 

0,25  gal.  oil.  ot   1.74  cts. lO.Ooit 

aupplies,  repairs  and  screenings 0,0008 

Total    $0.0083 

The  limestone  screenings  formed  a  considerable  part  of  the  cost 
of  the  flrst  oiling,  but  a  very  small  part  of  the  cost  ot  the  second 
oiling.  It  will  be  noted  that  the  two  oUlngs  coat  about  244  eta.  per 
sq.  yd.  for  keeping  down  the  dust  during  the  year.  No  sprinkling 
with  water  waa  necesaary  after  a  road  had  once  been  oiled.  Dur- 
ing the  previous  year,  the  coat  of  sprinkling  5fiS,000  sq,  yda  (In- 
cluding asphalt  and  creosoted  blocks)  with  water  had  been  2,4  cts. 
per  sq.  yd. 

The  methods  ot  unloading  the  oil,  preparing  roadway,  spreading, 
were  as  follows: 

Two  steel  receiving  tanks,  of  8.000  gals,  capacity,  were  «r«cted  a± 

* EHffineerinti-Conlraetitig,  Jan.  22,  IBOS. 
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a.  total  coat  of  1741.99,  connected  with  u  l-lo.  p^e-Une  fr<Mn  re- 
edvliiK  tank  to  tbe.Blde  track.  permlttlnK  of  unloadioK  tank  cara  bir 
Srzrtty,  the  receiviiiB  tanks  twine  alao  eetabUehed  at  ■  >uch  an  ele- 
vation aa  to  permit  loading  the  sprlnklliig  carta  by  Kr&vlty  from  the 
recelvliis  tanks.  Two  portable  bollera  wer«  purchased  at  I6I.B0 
each,  for  the  purpose  of  beatlns  the  Oil  In  tanks  and  In  sprlnkllDK- 
carts.  When  the  macadam  waa  absolutely  dry  and  hard,  the  entire 
■irface  of  xiM  roadway  was  awept  clean  of  dirt  and  sereanlnKS. 
The  Bweeplnis  were  left  along  the  edge  of  the  gutter  for  protectlm 
to  tbe  cement  work,  then  the  oil  was  applied  from  the  Bprlnkllng- 
carta.  Tn  the  regular  eprlnkllng-carts  was  attached  a  tin  trough, 
perforated  with  44-ln.  hole*,  to  obtain  an  even  distribution  of  the  oIL 
Tbe  entire  surface  of  the  roadway  was  then  flooded  with  oil  and 
thoroughly  broomed  In.  after  which  the  sweepings  from  the  gutter, 
with  BufHdent  limestone  screenings  to  form  a.  alight  dressing,  were 
cast  over  the  oil  and  thoroughly  rolled  with  a  steam  roller. 

The  organiiatlon  of  the  gang  used  In  applying  the  oil  was  almply 
teams  tor  ordinary  city  qirlDhlinB  wagona,  usually  from  three  to 
four  teams,  dependlns  (m  the  length  of  haul  from  the  distributing 
plant,  and  from  eight  to  ten  ordinary  laborers  about  equally  divided 
between  sweeping  the  screenings  to  the  gutters  ahead  of  the  oiling 
and  spreading  the  oil  with  brooms  and  caatiog  the  sweepings  bade 
over  the  oil  after  It  was  spread. 

Cost  of  Tar  Mscadam,  Massachuastta.*— Mr.  Arthur  H.  Blanch- 
ard  gives  data  upon  which  the  following  Is  baaed,  relative  to  experi- 
mental work  done  by  the  Massachusetts  Highway  Commission  In 
IS  OS. 

Three  methods  Of  construction  were  used,  which  may  t>e  termed 
(I)  the  mixing  method,  (2)  the  grouting  or  penetration  method, 
and  (})  the  Oladwell  system. 

Bv  lAe  Klxinff  JfetAod.— With  thff  eroeptton  of  the  addition  of 
tar,  the  method  of  construction  used  was  almilar  to  that  employed 
In  the  building  of  an  ordinary  macadam  rood- 
After  the  subgrade  bad  been  thoroughly  rolled,  the  No.  I  broken 
■tone  (varying  in  slse  from  IK  to  2^  ina  In  their  longest  dlmen- 
alons)  was  spread  to  a  depth  of  ■  Ina  and  rolled  to  A  Ina 

[Nate.~-Wbile  the  statement  Is  made  that  a  fl-ln.  layer  waa  rolled 
to  i  Ina.  no  such  compression  as  this  Is  possible.] 

Tar,  which  had  been  heated  In  an.  ordinary  tar  kettle  to  the 
boiling  point,  waa  then  q>rlnkled  on  Ihe  rolled  surface  by  means 
of  dippm-a 

TbiK  No.  1  stone  (varying  In  slie  from  K  to  114  ina  In  their 
loogest  dimenalona)  waa  next  deposited  on  dumping  boards  and 
thoroughly  mixed  with  hot  tar  with  the  aid  of  rakes  and  ahovela 
This  mixture  waa  ai>plled  on  the  No.  1  course  to  a  depth  of  S  Ina 
and  rolled  to  X  Ins. 

A  ttaln  coat  of  dust,  which  would  pass  through  U-ln.  mesh  was 
then  vrsad  on  the  surface  and  then  rolled  Into  the  No.  i  course 

'gajtueertwg-goatmoHitg,  OcL  7,  1908. 


SIO  HANDBOOK  OF  COST  DATA. 

to  flU  up  the  volda  and  to  provide  a  amooth  Hurface.     Tli«  work 
was  ctirrled  on  only  when  th«  broken  atone  was  dry. 

The  Mone  was  granite  and   hornblende  schlat.     The   work   was 
done  In  May. 

Tar  from  the.  Providence  Oaa  Works,  and  havlnx  a  apectflc  grav- 
ity of  l.lt,  wBs  used,  and  iti  coat  delivered  on  the  road  was; 
PBrbbL 


Haul,  averaging  2.0OO  It.. 


Total    14.16 

Deducting  rebate  ot   $0.75   per  bbl.    and   adding 
return  freight  of  t0.19,  net  deduction O.GE 

B2  gals.,  at  T.4  eta tSTO 

About  the  same  number  of  equare  yards  of  6-ln.  tar-macadam 
road  was  built  per  10  hr.  day  aa  fa  built  of  ordinary  macadam, 
namely,  233  sq.  yda,  using  a  10-ton  steam  roller  and  the  ordinary 
ntBcadam  gang  with  the  following  extra  men; 

2  tar  men,  at  It. 75 I3.B0  ' 

S  laborers  mixing  and  placing,  at  tl.GO 4. GO 

Total  extra  labor.  233  wi.  yds.,  at  t.E  eta. 18.00 

Therefore,  the  added  cost  o(  this  6-ln.  tar  macadam  over  ordi- 
nary 6-ln,  macadam  was  as  follows: 

Bxtra  labor   (as  above  given) fO.OSG 

Fuel   for   melting   tar  and    Interest   and   depreci- 
ation  of    tools 0.06S 

lU   gala,  tar,  at  T.4  eta.  delivered 0.093 


10.183 

t  for  sprlnkllnK   (14 

0.01J 


Net  Increased  coat  due  to  use  of  tftr (0.130 

On  another  stretch  of  road  built  the  previous  year,  1.15  gala,  a 
tar  were  used  per  sq.  yd.,  but  the  cost  per  gallon  was  greater  du 
to  Ihe  fact  that  the  barrels  were  not  returned.  The  tar  In  tha 
case  was  hauled  6^  miles  at  a  cost  of  EO  cts.  per  bbl.  of  tar  fo 


The   dirrerence   In    cost   of   tha  tar-macadam 

Ihe  No.  1  course  and  with 

spread  on  the  No.  1  course,  was  no<  appreciable.  It  Is  believed  that 
Dinting  of  the  No.  1  course  with  tar  la  not  necessary.  In 
on  with  all  methods  ot  construction,  with  the  single  excep- 
if  the  Gladwell  system,  It  Is  neeesaary.  In  order  to  swnire  a 
num  penetration  of  the  broken  stone  by  the  tar,  and  ads<iuate 
Miration  of  Ihe  tar  In  the  macadam,  to  allow  the  No.  I  courae 
naln  without  rolling  and  sanding  for  from  1  to  3  days,  depend- 
n  Ihe  climatic  condltlona     It  was  found  to  be  Inadvisable  to 

roll  the  larrcl   surface  during  the  warm  pari  of  (he  day.  as  there 

was  a.  tendency  for  the  Ko.  2  course  to  shift  If  the  tar  was  soft. 
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Turla-macadam  OMUtmcted  by  tbe  mixing  method  Kpp«arad  to 
h  a  (ac->lmlla  of  the  tv-macadam  made  with  tar  dlBtllled  Cor  3 
■uun  OD  the  road.  It  la  t»«ll«ved  that  It  la  primarily  a  question  of 
•cauonlcs  whether  It  Is  preferable  to  take  saa-bouae  coal-tat  direct 
bna  the  work  and  dlatlll  It  on  the  road,  or  purchase  distilled  coal- 
tar,  In  the  form  of  Tarvla,  for  example.  It  should  be  trarne  In 
nUnd,  also,  that  tar  dlstlUMI  at  permanent  work*  will  slve  a  more 
uniform   product. 

Bt  lh«  Orouting  MttSod. — The  macodaro  was  constructed  by 
■preadlag  g  Ina  of  clean,  dry  No.  1  rock  on  the  rolled  subgrade  and 
mUngr  the  aanw  to  4  tns.  On  the  Na  1  course  was  then  spread 
IK  to  1  bia  of  clean,  dry  No.  i  rock,  which  was  llshtly  rolled.  The 
tar,  which  bad  been  heated  In  the  rsEular  tar  kettles,  was  next 
poured  on  the  surface  of  the  No.  3  course  and  allowed  to  pene- 
tratft  The  depth  of  panetratlon  varied  from  1  to  !M  Ina.  de-  - 
PtndtDK  on  the  slie  of  the  stone  comprising  the  upper  course  and 
the  amount  of  rolllnK  the  surface  had  received.  Trap  rock  chip 
screenings  were  then  spread  to  a  depth  of  H  to  %  Id.  and  tbor- 
ea<hl|r  rolled. 

In  the  construction  of  the  tar-macadam  by  the  grouting  or  pene- 
tration method,  the  tar  was  spread  over  the  surface  by  dippera 
This  method  was  very  unsatisfactory,  an  uneqiial  application  being 
the  result.  In  order  to  procure  an  efficient  road,  more  tar  waa 
an>lied  In  patching,  the  original  appllratlon  of  l.ZE  gallons  being 
thus  Increased  to  1,87  gallona  If  this  method  le  to  be  used,  pour- 
ing pots  with  fan-shaped  spouts,  or  a  fan-noale  connected  With  a 
hose  from  a  tank-wagon,  should  be  used,  or  preferably  a  spreading 
machine  similar  to  the  Lalaaallly  or  Altken.  E^ren  with  a  machine 
oC  the  most  approved  type,  and  with  the  stone  heated  either  be- 
fore or  after  deposition.  It  Is  doubtful  If  the  tar-macadam  surface 
thus  constructed  would  be  as  uniformly  bound  together  as  when 
laid  by  the  mixing  method.  The  average  rate  of  progress  Inrring 
ihls  section  was  38S  sq.  yda  per  day,  with  two  tar  men  and  one 
commor.  laborer.     The  cost  was  as  follows; 

1.87  gals,  tar  delivered,  at  TA  eta f 0.138 

Labor  (I  tar  men  and  1  laborer) . , , 0.013 

Fuel  and  plant  tntereot,  etc O.OOE 

Total     lO.IES 

Deduct  saving  water  sprinkling 0,018 


This  14.3  eta.  per  sq.  yd.  ts  to  be  added  to  the  cost  of  ordinary  fi- 

The  grouting  method  Is  particularly  applicable  to  the  resurfac- 
Ine  of  old  macadam,  which  can  first  be  loosened  to  a  d^th  of  B  or 
4  Ina,  with  a.  BcarlHer  (at  a  cost  of  O.T  ct.  per  sq.  yd.)  and  then 
gnroted  with  about  1 U  .  gala  per  eq.  yd.  and  rolled. 

By  Ike  atadmetl  Syatem. — In  the  construction  of  tar-macadam 
by  the  Gladwell  system,  the  bituminous  mastic,  consisting  of  tar 
and  stone  chips  varying  In  slie  from   ^  to  ti  in.  In  their  longeRt 
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dlmenrions.  wa*  mlKed  In  a  regular  mortar  box,  ThU  mixture  wa» 
■pmd  to  a  depth  of  %  In.  on  the  No,  1  couna  of  Mone.  anfl  the 
No.  2  oourae  of  broken  atone  was  then  laid  upon  tt  A  coating  ot 
tar  waa  spread  on  the  surface,  and.  after  screenlnss  had  been 
applied,  the  section  was  thoroushly  rolled  with  a  steam  roller.  The 
upward  penetration  of  the  tar  was  not  measurable,  and  the  sur- 
face coat  did  not  penetrate  more  than  1^  in.  In  order  to  procure 
satisfactory  results;  It  will  be  necessary  to  have  the  No.  1  course 
■o  thorouBhIr  compacted  as  to  hold  a  semi-fluid  mixture ;  the  stone 
composing  the  No.  Z  course  should  be  largrer  than  that  senerally 
used,  and  should  be  well  heated,  and.  Anally.  It  will  be  necessary  to 
use  a  light  asphalt  roller  in  order  to  draw  the  fluid  mixture  gradu- 
ally to  the  surface,  and  not  attempt  to  crush  the  No.  3  course  Into 
the  binder.  Under  no  circumstances  Is  It  believed  that  the  method 
will  prove  as  efficacious  or  economical  as  ellber  the  mixlnx  or  pene- 
tration methods  of  construction.  The  rate  of  progreea  of  this  class 
of  worii  was  slow,  and  would  average  IGI  sq.  yda  per  day.  The 
labor  Item  was  high,  two  tar  men  and  four  common  laborers  being; 
required,  making  the  labor  cost  10.06  per  square  yard.  The  tar, 
1  gallon  per  square  yard  In  the  maetic  and  1.26  gallons  on  the  sur- 
face, cost  fO.lST   per  square  yard.     Summarising  we  have  the  tol- 

Peraq.  yd. 

!.26  gala  tar,  at  lA  eta 10.197 

Labor  ( 2  tar  men  and  4  laborers) O.Ofll 

Fuel  and  plant  Interest,  etc. O.OOG 

Total    lO.ZSS 

Deduct  saving  water  sprinkling 0,013 

Total   extra  cost (0.220 

This  a  cts.  per  sq.  yd.  must  be  added  to  the  cost  ot  ordinary 
e-tn.    macadam. 

Cost  of  Tar  Macadam,  Dututh,  Minn — Mr.  E:.  K.  Coe  gives  the 
following:  Dululh  began  laying  tar  macadam  In  ISO!,  and  It  In- 
creased so  rapidly  In  popularity  that  90%  of  the  total  pavement 
laid  In  1906  was  tar  macadam  (Tl.EOO  sq.  yds.).  The  pavement  Is  R 
ina  thick,  ronslBtlng  of  a  tar  grouted  macadam  base  6  tna  thick, 
covered  with  2  ina  of  tar  macadam  that  has  been  mixed  In  a  ma- 
chine. This  fl.ln.  base  Is  composed  of  crushed  roclc  14  to  S^-ln. 
In  siie,  and  Is  rolled  with  a  steam  roller.  Then  hot  tar  la  spread 
over  the  trasc,  1  gal.  per  sq.  yd.,  by  means  of  large  sprlnUlng 
cans,  the  spout  of  the  can  being  flareil  and  measuring  ^xS  Ina 
This  tar  Is  drawn  from  a  tank  wagon,  and  Is  spread  Immediately 
In  advance  of  the  spreading  of  the  2-1n.  wearing  coal  of  tnr  mor- 
adam  (or  tar  concrete).  This  wearing  coat  is  mixed  In  a  port- 
able mixing  plant  owned  by  the  city.  The  plant  has  a  capacity 
of  1,000  sq.  yds.  of  2-In.  wearing  coat  per  day;  its  shipping  weight 
Is  IS  tons  and  It  Is  easily  hauled  to  any  part  of  the  city  by  a 
steam  roller.  The  plant  was  built  by  the  Toledo  Construction  A 
Supply   Co.   of  Detroit,  and  cost  the  city   (10,300,      It   Is  rented   to 
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th*  contnietorB  at   f!0   a  d&y,   Mralxht  time,   the  city  fumlBhliis 
tbe  ensliieinBii.     Ab  man;  aa  l.SQO  aq.  ;da   of  i-ln.  WMu-loX  coat 
;  IttTO  been  mixed  by  thla  plant  in  a  day. 

'  The  itoiie  for  tbe  w«arlnK  oat  la  flrat  heated  In  thta  plant  to  ITS* 

Is  ino*  F.,  whli^  la  tbe  nme  tonperature  tbat  the  tar  recelvea 
'  Tbe  atone  Is  sraded  In  >ls«  to  reduce  the  voids  to  about  7%. 

I  Vhen  the  voids  are  tilled,  however,  and  the  stone  coated  with  tar, 

I  Ihe  partlclee  of  stone  ai«  sQMirnted,  ao  tbat  11%  by  bulk  of  tar 

El  neces^jy.    The  (oUOwIng  It  on«  of  the  successful  batches ; 
S44  Ibe.  stone  paaslnc  IK-lo-  Kreen  and  caught  on    1-ln. 
I  1G2  Iba  atone  pasainit      1-lD.  screen  and  causht  on  %-ln. 

17G  Iba  stone  paadng     K-ln.  screen  and  caught  on  %-ln. 
I  !TS  Iba  stone  paaalnB    ^-In.  screen  and  includ.  flne  dust 

G<  Iba  tar. 

1.02D  Iba.  totaL 
TTsoally  8   or  7  batches  of  100  lbs   make  a  wagonload,   bottom 
dump  wagons  being  used. 

Plant  foremen  are  tempted  to  use  an  excess  of  tar,  to  make  a 
batch   appear  mixed   before    It    really   Is,   and    thus  make  a  bigger 

.  days  run. 

I  IW  from  the  Daluth  tar  plant  ta  used ;   It  Is  a  by-product  of  the 

coke  ovens  and  la  very  unifonn. 

Tbe  liquid  tar  (Or  the  base  Is  hauled  In  steel  tank  wagona.  which 
an  provided  with  small  furnaces  to  keep  the  tar  melted. 
Tbe  mixed  material  for  tbe  Z-ln.  wearing  coat  Is  dumped  from 

I  the  dump  wagons  onto  a  sectional  platform,  shoveled  to  place,  raked 

oot  smootli,   and  Immediately   rolled   with   a   IG-ton   roller.      This 

,  courae  Is  S  Ins.  thick  after  roUing.     When  rolled  smooth  bnd  com- 

pact, a  flush  coat  of  tar  (E  Iba  per  sq.  yd.)  la  spread,  to  seal  all 
nirface  volda  .Formerly  a  "squeegee"  (like  a  rubber  window 
cleaner)  was  used  for  this  flusli  coat  spreading,  but  it  was  found 
preferable  to  use  a  special  cart  mounted  on  two  small  wheels  and 
with  a  box  18  ina  square  x  11  Ins.  deep.  Behind  the  cart  la  a 
piece  of  heavy  rubber  beltlns  set  on  edge,  8  Ina  wide  and  I  ft  long, 
bent  to  an  arc  of  80".     Some  T  gala  of  finid  tar  are  poured  Into  tlie 

I  box.  (n  the  bottom  of  which  Is  a  1-ln,'  hole,  with  a.  tapering  Iron 

I  [dng  which  la  operated  by  a  lever  from  the  drawt>ar,  so  that  the 

■nan  who  draws  tbe  cart  can  manipulate  tbe  plug  and  deliver  a 
Rnall    amount    of    tar    directly   in    front    of   the    rubber   belt,    or 


Pinallr  the  surface  Is  covered  with  a  thin  layer  of  hot  rock, 
beech  nut  dse,  and  rolled. 

The  following  are  the  materials  reQutred  per  sq.  yd.  of  !-ln.  wear- 
ing coat  and  6-ln.  base:  0.3  cu.  yd.  crushed  rock  and  screenings 
and  S  to  3ti  gals,  tar,  Including  wasta 

The  average  contract  price  in  1904  was  tl.23  per  sq.  yd.,  which 
'      Z  but  grading,  and  Includes  a  R-yr.  guarantee. 
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1  mix  and  Ur  the  S-ln.  waarlnK  coat  is  aa 


1  fireman. 

S  to  6  shoTelers  (according  to  location  of  plls  of  aton*). 

2  teams  hauling  tar. 
1  natctunan. 

Strett  Force: 
1  foreman. 

i  men  ^reading  tar  binder  on  base. 
8  Bhiivel«ra. 

I  englneman  on  steam  roller. 
1  tar  heater. 

1  man  on  squeeBeo  cart. 

2  men  spreading  surface  screenings. 
1  watchman, 

S  to  6  teams  according  to  length  of  h&uL 

Cost  Of  Asphalt  Mscadam,  Redlinds,  Calif.— Mr.  C.  C.  Brown  glv«s 
the  following:  During  1908,  the  city  of  Redlands.  ChIK..  built  « 
miles  (lOO.OOO  sq.  yds.)  of  asphalt  macadam  at  a  cost  of  HO  eta 
per  sq.  yd.,  by  contract.  The  city  owns  a  crushing  plant,  and  sella 
the  rock  to  the  contractor  at  tl  per  ton.  f.  □.  b.  cara  It  Is  hauled 
K  mllps  by  Tall.  It  requires  1^  cu.  yds  of  crushed  rock  (meas- 
iirml  In  the  cars  after  the  S-mlle  haul)  to  make  1  cu.  yd.  of  th« 
finished  pavement.  Including  the  sand  and  the  asphalt. 

The  crushed  granlle  Is  spread  In  two  layers,  the  bottom  layer 
romposeil  of  stones  H4  lo  3  Ina  In  slse,  the  top  layer.  %  to  m 
Ina  11  Is  than  filled  with  granlle  screenings.  Each  course  Is  rolled, 
wilier  being  freely  ussd  while  the  screenings  are  being  roUefl  In. 
As  soon  ns  the  water  dries  out,  heB\-y  asphaltlc  oil  (7B%  asphalt) 
lit  a  lempemture  of  IHO"  F.^  Is  sprinkled  over  the  macadam,  about 
i  gnla  per  nq,  yd.,  or  even  more.  Excavations  of  the  matsdam 
■how  that  the  oil  has  penetrated  14  lo  H  the  way  down.  The 
mT»et  Is  then  thrown  open,  and  several  weeks  of  traffic  Iron  It  out 
Into  n   smooth  pavement.      If  any  ruts  appear  broken  stone   <  %   to 

I  In.)  la  plncPrt  on  the  macadam  and  covered  with  the  asphaltic  oa 
Tlie  nsphnlllc  oil.  or  liquid  asphalt,  is  applied  from  a  tank  wagon 

hnlllnl  by  4  horsea  The  tank  Is  equipped  with  a  "Glover  oiler" 
(ni>w  known  ns  a  pelrollthir  oiler,  made  by  the  Petrollthlc  Pave- 
ment ro,  of  IrfiB  Angclea  Pnllf.).     The  "oiler,"  or  "distributor,"    Is 

II  i-yUnder  twvlng  a  series  of  openlnga  "the  flow  being  nicely  con- 
tmlled  by  a  set  of  levers  msnlpulaled  by  n  man  on  the  wagon, 
who    rrtnilales   the   flow    according    to    the   speed    of    the    team." 
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Vmi  tanks,  of  800  sals.  each,  or  3,200  Rals..  are  dlMrlbuted  p«r  day 
oC  8  hrs.,  when  the  haul  IB  two  miles  each  way.  The  heatlnff  Is 
Axie  nl  the  unloadlnK  lank  by  steam,  nhlch  Is  also  used  to  tacUl- 
tale  unloading  the  tank  car. 

The  oil  coats  tl  per  40-KaL  barrel.  IncludlnK  the  freight,  whfcta 
<•  It  cts.  per  bbl. 

Com  «f  Pctrollthic  Macadam.— Mr,  J,  C.  Black,  In  an  article  In 
(ba  CatlfoTDla  Journal  of  Technology,  Oct.  R.  1S08  (reprlntad  in 
Btgtmterfna-Cimtroctinii,  Nov.  11,  1908),  gave  the  following:  I 
have  Inserted  an  Illustration  of  the  rolling  tamper  and  the  gang 
Pknr,  and  have  assumed  wages  and  prlccH. 

PMrollthIc  pavement  originated  In  southern  California  some  eight 
Tears  BfD,  and  since  that  time  has  given  sucli  great  satisfaction  that 
It  li  now  to  be  found  In  manr  parts  of  the  United  States,  and  Is 
evei  securing  a  foothold  In  foreign  countries. 

Petrollthic  pavement  consists  of  a  compacted  mass  of  earth, 
cnuhed  rock  or  gravel  and  asphaltic  oil,  although,  since  the  lighter 
oDs  In  which  aaphaltum  Is  dissolved  do  not  remain  permanently  In 
the  pavement,  but  disappear  (mainly  by  evaporation)  wllhln  a 
ttw  montlia  after  Its  completion,  we  may  properly  call  It  a  mixture 
of  rarth.  rock  and  asphalt.  The  rock  Is  Intended  to  act  as  a, 
wearing  coat,  and  hence  Is  kept  mainly  near  the  surface.  How- 
ever, It  Is  not  the  composition,  but  the  manner  In  which  It  la 
treated,  that  constitutes  the  most  Important  and  characteristic  fea- 
ture of  a  petrollthic  pavement,  for  this  Is  the  only  method  In 
vlilcb  the  entire  material  of  the  street  Is  tomped  Into  a  compact 
man  of  uniform  density. 

After  the  road  haa  been  brought  approximately  to  grade  and  Is 
properly  crowned,  the  surface  la  broken  to  a  depth  of  6  to  9  Ina. 
by  plowing  or  otherwise,  and  then  pulverized  by  farrn  cultivators 
and  harrows  or  other  machinery.  The  application  of  water,  often 
In  quantities  amounting  to  aeveral  gallona  to  the  square  yard  of 
airfaoe  covered,  usually  greatly  eipedltes  the  pulverization. 

After  the  ground  la  reduced  to  a  aufflclently  fine  condition,  oil  Is 
appllea  at  tlie  rate  of  three-fourths  of  one  gallon  to  each  square 
rard  of  surface  and  Is  cultivated  In.  Another  application  of  oil 
equal  to  the  flrst  Is  then  made  and  cultivated,  after  which  the 
creund  la  plowed  6  Ina.  deep,  a  gang  plow.  Fig  t,  generally  being 
most  satisfactory  for  this  work.  The  plowing  should  be  aucb  as 
will  thoroughly  turn  the  furrow,  and  It  will  generally  bring  to  the 
surface  a  small  amount  of  soli  which  haa  been  untouched  by  the 
OIL  A  alight  amount  of  cultivating  or  harrowing  aerves  to  work 
oot  the  ridges  left  by  the  plow,  and  the  third  application  of  oil. 
amounting   to  one   gallon   to   the  yard.   Is   then   made   and   cultl- 

After  thiB  It  Is  advisable  to  put  on  the  road  grader,  and  It  Is  the 
writer's  experience  that  a  liberal  use  of  It  la  effort  well  spent. 
t(  will  be  observed  that  up  to  the  present  stage  all  the  work  on  the 
road  haa  been  done  along  longitudinal  lines — applying  tlie  oil  and 
Idowing  must  of  necessity  t>e  so  carried  on,  and  while  cultivating 
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and  harrowing  may  be  done  ilg-iaK  taphlon,  It  Is  KCnerall]'  mor* 

■atlaffictory  to  work  In  a.  Btratght  line.  While  this  work  results  In 
a  fairly  uniform  mlHurs  of  Boll  and  oil.  there  la  a  certain  tendency 
toward  the  formation  ol  streakB,  and  It  IB  In  the  correction  of  thla 
that   the   great   benetit   o(   tbe   road   grader   aa  a   mixing   devlc« 


Flc,    8.     PetroUthlc   Gang   Plow. 

becomes  apparent.  The  soil  Is  In  a  very  loose  and  nnely  divided 
condition,  so  that  with  the  grader  blade  set  at  an  angle,  a  deep  cut 
may  be  made,  and  by  thus  shlfifng  the  material  from  side  to  side 
a  number  o(  limeB,  the  Btreaks  may  he  entirely  removed. 

The  road  la  now  hrouElit  back  to  grade,  and  a  petroUthlc  rolling 
tamper,  Fig.   7,  la  set  to  work.     This  tamper  conalats  of  a  roller 


Fig.  7.     PetroUthlc  Rolling  Tamper. 

about  S  ft  In  diameter,  Ihe  surface  of  which  Is  studded  with  Iron 
teeth  or  feet  9  Ina  long  and  terminating  In  n  sllKhtly  rounded  sur- 
face of  at>oul  4  >q.  Ins.  area.  The  total  weight  of  the  machine  la 
between  4,SD0  Iba.  and  E.OOO  lbs.,  and  ua  (here  are  10  or  11  ft.  In  a 
row,  Ihe  weight  on  each  Ib  approximately  4G0  Iha.  or  over  lOD  lbs. 
to  the  square  Inch  of  surface.  The  device  Is  patented,  and  Is  for 
■ale  by  the  PetroUthlc  Pavement  Co.  of  Los  Angeles.     It  la  drawn 
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hr  four  horae^  from  lour  to  bU  bcdns  required,  acoordlns  to  con- 
dlttODH.  As  It  panes  over  the  Ioom  material  of  the  Btreet,  tha  feat 
Aik  to  a.  depth  of  6  or  8  Ins.,  and  being  Hat  ended  each  one  leaves 
a  ■mall,  compact  man  of  earth  and  all  at  the  place  it  BtTuck. 
Id  order  to  secure  uniform  results  and  prevent  the  too  rapid  tamp- 
ing a  cultivator  must  be  used  In  conneiTtloD  with  the  taropsr.  The 
cultivator  ^ould  be  adjusted  at  first  to  work  to  approxlmatelr  tbe 
same  depth  aa  the  tamper,  but  after  two  or  three  tripe  over  the  * 
Eronnd,  Hbovli  be  raised  a  notch.  Alter  this  It  should  be  raised 
fnmk  time  to  tlme^  but  never  more  than  a  single  notch  at  a  settlag. 
and  care  ^ould  alwai^  be  taken  to  avoid  too  xreat  haste  and  con- 
■eiiuent  imperfect  tamping.  It  will  be  observed  that  this  process 
buUds  tlie  pavement  "from  the  bottom  up."  so  to  speak,  thereby 
producinK  a  dense  moM  for  the  full  thickness. 

Wben  the  rood  has  been  tamped  so  that  t  or  3  Ina  of  loose  ma- 
terial remain  on  the  surface,  the  tamper  should  be  taken  oft  and 
the  surface  smoothed  with  a  road  sradcr  or  drag.  After  thl^  a  I 
or  a-to.  -layer  of  IH-ln-  gravel  or  crushed  rock  should  be  spread 
upon  the  road  and  cultivated  so  as  to  mix  It  with  the  earth.  The 
rock  may  be  spread  by  hand,  In  which  case  dumping  should  begin 
at  the  end  of  the  road  where  the  wagons  arrive,  so  that  they  may 
travel  over  It  Instead  ot  over  the  loose  earth,  or  It  may  be  dumped 
In  ai  single  line  down  the  center  of  the  road,  and  then  spread  with 
the  grader.  In  point  of  ciwt,  one  method  offers  little  advantage 
over  the  others.     The  hand  spreading  UHually  gives  more  uniform 

After  the  rock  Is  spread  and  cultivated,  the  last  coat  of  oil, 
amounting  to  one  gallon  to  the  square  yard.  Is  applied,  and  the 
ground  again  cultivated.  It  should  then  be  plowed  as  deeply  as 
possible  without  disturbing  the  tamping  already  done.  A  few 
trip*  of  the  cultivator  will  smooth  out  the  surface,  and  the  tamper 
may  again  be  set  to  work.  When  only  a  small  amount  of  loose 
material  (say  on  lnch>  remains,  the  cultivator  may  be  taken  off 
altocether,  and  the  surface  given  a  light  treatment  with  a  grader 
or  drag  before  the  tamper  finishes  Its  work. 

A  smooth  roller  will  Improve  the  appearance  o(  the  newly  com- 
pleted road,  but  will  add  little  to  Its  efficiency  or  durability. 

The  use  of  water  from  time  to  time  during  the  work  Is  a  neces- 
sity, but  because  of  varying  conditions  of  weather  and  variety  of 
soils,  fixed  rules  for  Its  use  are  Impossible.  In  general  It  will  be 
found  that  sandy  soils  must  be  kept  net  from  start  to  finish  of 
work,  while  clay  or  adobe  requires  compaistlvely  little  water,  and 
that  mainly  during  the  tamping  procesa  If  too  much  water  Is 
used  on  soil  of  this  nature,  the  almost  Inevitable  result  will  be 
clogging  ot  machinery  and  consequent  delays.  For  applying  water, 
the  oil  wagons  will  be  found  entirely  satisfactory. 

It  Is  needless  to  remark  that  the  deUtUs  of  building  a  petrollthic 
pavement  may  be  varied  considerably,  and  that  good  results  can  be 
obtained  In  several  ways.  In  fact,  as  In  many  other  lines,  there  are 
no  two  pieces  of  work  which  can  be  conducted  In  exactly  the  same 
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manner.  Some  ot  those  who  have  been  most  aucceuful  with  this 
form  of  construction  prefer  to  put  the  rock  on  the  road  tiefore  any 
tamping  haa  been  done.  Thlg  Ih  cultivated,  and  after  the  flnal  coat 
of  ell  has  been  applied  Is  plowed  under.  It  miKht  be  thousht  that 
thiH  would  result  In  the  roch  beinK  distributed  throusfa  so  greet 
a  thickness  ol  soil  that  Its  value  aa  a  wearing  surface  would  be 
lost,  but  (be  tact  la  that  even  when  plowed  under  as  much  as  •  Ina 
the  cultivation  tapldly  brings  It  to  the  tap.  If  It  Is  attempted  to 
mic  It  with  too  miall  a  quantity  ot  soil,  a  large  amount  of  rock  will 
remain  loose  on  tne  surface,  and  must  be  removed  entirely  from  the 

Most  of  the  older  petroltthic  roads  of  southern  Callfomta  were 
built  without  the  use  of  any  rock  or  gravul,  and  the  satisfaction 
they  have  given  proves  that  where  the  price  of  rock  Is  high  and 
the  keeping  down  of  expenses  Imperative  an  excellent  pavement 
may  be  built  of  nothing  but  the  natural  material  of  the  street  mixed 
with  oil. 

As  to  the  character  of  soil  In  which  pelrollthtc  pavement  may 
Bueceasfully  bo  built,  almost  anything  will  do.  provided  II  Is  free 
from  a  large  amount  of  alkaJI  or  other  Ingredient  which  will  cause 
decomposition  of  the  oil.  In  sand  the  adhesive  qualities  of  the  oil 
Will  hold  the  particles  together  and  make  possible  a  good  road. 
where  otherwise  some  expensive  paving  material  would  be  neces- 
sary. No  soil  gives  better  results  than  adolie  (clay),  although 
It  Is  hard  to  work,  and  consequently  may  slightly  Increase  the  cost. 
Between  the  extremes  of  sand  and  adobe  equal  satisfaction  will  b« 

The  greater  the  amount  of  asphalt  In  the  ofl,  the  better,  and  the 
■pecldratlons  of  the  city  of  Los  AngeliiB  require  a  minimum  of  70 
per  rent.  Natural  oils  having  this  amount  of  asphalt  are  dlJIlcuU 
to  obtain,  but  the  Sunset  District  produces  some  which  run  from 
7S  to  80  ppr  cent  or  even  more.  These  are  used  e:iFluslveIy  tor  road 
oils,  and  can  generally  be  had  at  a  reasonable  price,  say  GO  cts.  per 
hbl.  of  <!  gala.  Refinery  products  or  reslduums  are  frequently 
used,  and  these  prove  satisfactory  when  the  quality  of  the  asphalt 
contained  In  them  Is  unimpaired.  The  objection  to  their  use  arises 
from  the  fact  that  an  overheated  or  burned  asphalt  lacks  tbe  ad- 
hesive qualities  necessary  in  a  good  road  oil.  A  special  and  ex- 
pensive test  is  necessary  to  determine  whether  overheating  has 
tnken  place,  and  as  It  should  be  applied  to  every  carload,  basides 
causing  delay.  It  will  form  quite  an  Item  of  expense.  Care  should 
be  taken  to  get  an  oil  comparatively  free  from  water  and  sedi- 
ment, mnny  npeclflcntlons  requiring  the  rejection  of  all  oil  con- 
taining more  than  2  per  cent  of  such  foreign  matter. 

It  IB  commonly  required  that  the  oil  be  applied  to  the  road  at  a, 
temperature  of  not  lexs  than  1^0*  F..  and  some  oils,  because  ot 
their  viscosity,  cannot  be  easily  handled  at  a  tower  temperature. 
Although  there  are  still  some  advocates  of  the  use  of  cold  oil.  the 
general  opinion  Is  "the  hotter  the  better," 

For  healing  the  oil  n  portable  holler  of  some  sort  Is  generally 
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ema.  The  oil  mar  be  heated  In  the  e»n  In  which  It  Is  dellveK^, 
which  ftr«  uKuallr  equipped  with  ■team  pipe*  for  this  purpoaa.  or  It 
nuy  be  run  Into  a  tank  or  pit  In  which  a  Bteam  coll  baa  been  ML 
In  soil  of  B.  clayey  nalure,  a  pit  without  lining-  may  be  used,  aa  the 
olt  wlU  penetrate  the  ground  only  a  few  Inches.  An  oil  pump  with 
the  neceesBry  valves  and  connection!  for  unloading  from  car  and 
loadlns  Into  waKOua,  will  complete  the  heating  establishment. 

Olt  tank  wagons  are  built  of  varlou*  capacities,  the  common  slieB 
bDldtns  (rotn  SDO  to  t,000  galB.  The  dlBtrlbutors.  of  which  there  ar* 
•everal  sood  deBlgna.  are  atlached  to  the  rear  of  the  tank,  and 
9Tead  the  oil  for  &  width  of  1  or  7  ft.  Some  are  divided  Into 
three  or  four  aectlona.  ma  that  a  narrower  strip  may  be  covered  It 
dealred.  The  oil  holds  Its  heat  well,  and  If  conditions  demand,  the 
healinK  plant  may  be  situated  several  miles  from  the  work  and  still 
allow  of  the  delivery  of  oil  at  the  required  temperatura 

Warm  weather  Is  desirable  for  carrying  on  the  work,  as  when  It 
l«  cold  the  oil  tends  to  drag  or  form  Into  chunhs,  with  resulting 
Irregularities  and  soft  qiots  In  the  finished  roadway.  The  road  may 
be  opened  for  traiBc  an  aoon  as  the  tamping  Is  finished. 

A  complete  outfit  for  building  petrolllhic  pavement  will  be  about 
as  follows,  though,  at  course,  the  magnitude  of  the  work  will  de- 
temiino  the  number  of  pieces  of  machinery  necessary.  It  Is  often 
passible  to  rent  a  portion  of  the  plant  and  some  cities  have  their 
own  outfits,  which  they  are  prepared  to  rent  to  contractors,  gener- 
ally at  so  much  a  block ; 

1  portable  steam  holler,  with  fittings. 

1  oil  pump  and  connectfona 

1  pit  or  tank  of  not  less  than  10.000  gals,  capacity,  and  fitted 
with  steam  heating  colls. 

1  oil  wagon  and  distributor. 

I  road  grader. 

I  road  drag  (home  made). 

3  damp  wagona,  for  rock 

1  rooter  plow. 

1  gang  plow. 
S  cultWatora 

2  lolling  tampers. 

The  operating  gang  Is  as  follows: 


I  grader  man  and  oil  wagon  operator. 


S  laborera 
15  horses  or  mulea. 

The  accompanying  figures  give  an  average  of  the  amount  of 
labor  and  material  per  sq.  yd.  on  Mveml  streets,  all  of  which  were 
In  clay  or  adobe  soIL  In  sandy  soil  more  tamping  and  more  water 
are  required,  but  the  preliminary  work  lb  much  easier.  The  amount 
of  Wiwk  necessary  varies  widely,  and  depends  entirely  on  local  con- 
ditions, but  by  substituting  rates  at  wages  and  costs  of  materials 
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In  thli  table  an  approximation  to  the  eo«  of  aolng  th«  work  may- 
be obtained.  Proper  allowance  mu«,  of  courae.  be  made  for  Inter- 
est and  depreciation  or  (or  rental  of  plant 

PIouHRff  oiKl  Pvivermng:  Peraq.  j* 

noa*   hr    rooter  plow,  e  horwB  and  driver,  at  J0.80 (0.003B 

0004  br    cultivator.  <  horses  and  driver,  at  10.60 0.0016 

oiooz  hi-  tamper,  6  boraea  and  driver,  at  tO.SO 0.D016 

O.O^lThr.  fireman,   heating  oil.  at  lO.ZO. . . . , 0.00S6 

0  007  hr,  oil  wagon,  6  horsas  and  driver,  at  10.80 S'$oG6 

0.001   hr.  oil  wagon  operalor,  at  (0.20 SSSSS 

O.0O1B  hr.  hand  labor,  at  ?0.8O 0.0003 

0  oi'f  h"r  "rlt^r" plow;  «  hor«e,  and  driver,  |0,80 0.0012 

0'0027  hr.  gang  plow,  4  horsea  and  driver,  at  tO  60 0.0016 

OOaa     hr,  lultfvBtor,  4  horses  and  driver,  nt  lO.SO O.OISJ 

O.0O7     hr.  hand  labor,   at  10.20 0.001* 

Waiertng: 

5  hr.  wat 

atiSlino  ana  Hauung  (jraanea  kock:  „„-., 

Uil  EJ:  Si«aT.or4?l.\d"dSi'-ir,uii::::;:  :  t  i 

O.OOB  hr.  labor,   spreading   roclt,  at  |0.SO 0.0018 

0  o'o5^*"'rOHd  machine.  «  horses  and  driver,  at  »0.80 0.004O 

0.005  hr.  man  operating  machine,  at  J0.20.. Mili 

0.001  hr.  road  drag,  4  horaes  and  driver,  at  10.60 0.0006 

0.023"hr.  rolling  tamper,  6  horses  and  driver    at  10.80 SJ'fi 

0.011  hr.  cultivator,  4  horaea  and  driver,  at  JO.60 0.0066 

0.003  hr.  roller,  6  taoriei  and  driver,  at  10.80 0.0014 

OO09  hr.  lalmr  removing  largo  stones,  etc.,  nt  10.20 SSSJ! 

O.OOIG  hr.  wagon,  2  boraei  and  driver,  at  tO-40 0.0006 

0.019  hr.  foreman,    at    10.40 P-P076 

Total  labor (0.1187 

S.!i?''iar«!"S^haltlc  oil,  at  10.02.. 10.0700 

0,09  ials,  oil  for  fuel   (healing),  at  10.02. O.MIJ 

B.60  gala  water  for  sprinkling    at  jS.0002 O.OOH 

0.083  cu.  yds.  crushed  roch.  at  »1,00 P""" 

Grand  total,  labor  and  materials (O.IOIS 

It  wHI  be  noted  that  the  three  Items  of  loosening  the  sail  and  i*- 
compacting  It  with  the  rolling  tamper  total  as  follows: 

PulveriBlng  the  soli 'SSSfJ 

Oradlng    0.0066 

Tamping     (eicludlng    cultivating) QMS* 

ToUd    80.0804 

This  cost  of  8  cts  per  aa-  yd.  shows  what  It  wooirt  rost  to  brisk  Op, 
diape  with  a  road  machine  and  tamp  the  subgrade  of  a  rotid  or 
street  wllh  a  rolling  tamper,  preparatory  to  laying  any  sort  o* 
pavement.  Practically  (he  same  price  Is  charged  by  Uaanchusetta 
contractors  for   "shaping"  the  subgrade  of  macadam  roods,  using 
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only  the  old-faBhlonad  anil  Inferior  methods.     Gacb  rollinr  tamper 
comiiactsd  400  aq.  yda.  per  dajr  ot  9  bra. 

It  will  be  noticed  thai  the  labor  Item  ot  ollins  toCala  a  trifle  more 
thu  1  ct.  per  BQ.  yd.  (0.3  ct.  per  gal  of  oil),  excludluK  the  cost  </t 
the  fuel  oil  used  in  heating  the  other  oil.  the  cost  of  which  ll  Blven 
(onder  Materials)  at  O.IS  ct  per  sq.  7<l.,  making  a  total  of  1.18  cts. 
per  sq.  yd.  Since  3Vi  gals,  of  oil  were  used  per  sq.  y<L,  this  la 
eqalTaleut  to  %  ct.  per  gal.  for  heatlnr,  pumping,  hauling  aad 
iprlnkllnK  the  oil  on  the  road. 

It  will  be  noteu  that  the  cruahed  rock  was  spread  on  to  a  thlck- 
oesi  of  1  Ins..  measurecl  loose,  and  that  when  expreased  as  a  coat 
per  CQ.  yd.  of  looae  rock  Instead  of  per  eq.  yd.,  we  have  the 
loUowlDg; 

Per  cu.  yd. 

Loading  wagons   tO.loS 

Hauling     0.26S 

Bpreadfng   O.OZZ 

Total     I0.199 

It  will  be  noted  that  the  superintendence  cost  17  per  cent  of  the 
telBl  labor. 

II  will  be  noticed  that  the  price  assumed  for  the  asplialtic  oil 
<1  eta  per  gaL)  Is  low — about  one^.quarter  what  It  costs  In  most 
places  outside  of  California. 

None  of  the  foregoing  costs  Include  an  allowance  for  Interest, 
dcpnctBtlon  and  repairs  of  plant,  nor  cost  of  Installing  and  remov- 
ing plant 

Cost  of  Patrollthle  Road.— The  method  of  construction  was  simi- 
lar to  the  work  lust  described,  except  that  the  broken  stone  was 
aeatua,  and  the  road  was  built  ot  the  natural  sol!  mixed  with 
aivhaltle  oIL     It  was  tamped  with  a  petrollthic  rolling  tamper. 

nie  wages  actually  paid  were  as  follows  per  day  of  9  hrs.: 

Laborer    or    driver tS.SO 

Horse,  without  driver 1.00 


The  cost  was  as  follows,  excluding  Installation  of  plant  and  in- 
terget  depredation  and  repairs: 

eta  per  sq  yd. 

Preliminary  team  work 0.Z8  , 

Plowing  with  rooter  plow 0.32 

Pulverizing   soil    0.34 

Sprinkling   water   0.21 

Leveling  with  road  machine 0.14 

Cultivating   O.IT 

Ulxing  on   and   soil  with   cultivator l.Og 

Sprinkling  water 0.20 

loping  with  rolling  tamper 1.60 

Final  leveling O.JO 

Foreman     O.tt 

Total   labor   5,20 

Oil,  1  gal*,  at  1%  cts.  delivered  on  the  road T.50 

Grand  tottJ   12.70 

It  win  be  noted  that  the  tabor  Items  do  not  Include  heating  and 
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baullnc  the  oil  to  the  road,  lor  ttala  con  Is  Included  In  th«  prlc«  of 
i%  ctB.  per  Kal-  pald  for  the  oil.  Outaldo  ol  California  It  Is  at 
present  Impoaalble  to  get  asptaaJtlc  oil  at  any  auch  low  price. 

The  soil  was  a  hard  clny  which  required  B  cala  of  water  per  sq. 
yi.  {or  at>out  SO  gala  per  cu.  yd.)  to  soften  the  cloda  bo  that  they 
could  be  broken  up. 

Four  horses  and  a  driver  operated  each  rollinc  tamper,  and  each 
tamper  compacted  13G  sq.  yds.  per  day. 

The  rooter  plow  was  operated  by  8  honea  S  drivers  and  1  man 
holding  the  plow.  They  broke  4,200  pq.  ydi.  per  day.  and.  aatl- 
matloK  a  depth  of  t  Ina,  the  plow  loosened  TOO  cu.  vda.  dally. 

The  water  was  hauled  by  6  horses  In  a  WHKon  holding  BID  gala., 
the  wheels  of  the  wagon  having  tires  E  Ins.  wide. 

A  portable  oil  heater  and  oil  pump  loaded  the  oil  from  tank  cars 
Into  1,000-KaL  tank  wagons,  requiring  20  mina  to  load  a  wagon. 

Cost  of  Telford  Road*.  New  Jersey. — A  telrord  road  consists  of 
a  "boltomlng,"  6  to  IZ  Ins.  thick,  made  of  rough  stone  blacks  sup- 
porting a.  macBdam  mrface  3  to  6  Ins.  thick.  Tf  the  stone  for  the 
"bottoming"  la  limestone  or  sandstone  that  comeB  out  In  thin  layers, 
readily  shaped  wllh  a  hammer  inio  rcclHngular  blocks,  (he  "bot- 
toming" Is  laid  like  a  rough  atone  block  pavement.  But  If  the 
stone  Is  a  granite  or  trap  that  breaks  out  In  irregular  chunks,  or 
If  cobblestones  are  used,  no  attempt  la  made  to  lay  a  rough  block 
pavement ;  and  the  "bottoming"  then  hecomea  a  sort  of  macadnm 
Itself,  consisting  of  large  and  small  pieces.  This  last  type  of  telford 
is  the  kind  so  largely  used  In  the  towns  ot  northern  New  Jersey 
where  trap  rock  la  available. 

The  typical  New  Jersey  telford  Is  made  of  a  "bottoming""  6  Ins. 
thick,  consisting  of  chunks  of  trap  rock  broken  with  hammers  after 
delivery  on  the  road  until  no  chunk  Is  more  than  S  Ina.  thick.  The 
spalls  are  packed  In  between  the  larger  stone,  and  earth  Is  shoveled 
over  the  stone  from  the  side  of  the  road  until  few  stones  are 
visible.  Then  a  S,SOO-Ib.  horse-roller  is  run  over  the  alone  before 
the  3-in,  macadam  Is  plared  upon  IL  The  macadam  la  bound  with 
earth,  and  Anally  a  thin  layer  of  Bcreenlnga  is  placed  over  all- 
more  for  appearance  sake  than  for  usefulnesa.  The  cost  of  quarry- 
ing the  trap  rock  (or  the  "bottoming"  and  the  cost  of  cruSblnR 
the  portion  of  ft  that  Is  used  for  the  macadam  surface,  will  b« 
found  In  the  section  on  Rock  Excavation. 

In  building  a  telford  pavement  on  a  New  Jersey  village  street. 
the  pavement  was  made  IS  (L  wide.  The  stones  for  the  bottoming 
were  dumped  from  wagons,  and  a  gsng  of  •  men  broke  the  larger 
ones  and  placed  them  all  by  hand  carefully  ao  as  to  secure  a 
compact  "bottoming"  «  Ina  thick.  This  gang  of  ■  men  averaged  4 
cu.  yda  of  bottoming  laid  per  man  per  lO-hr,  day,  at  »  coat  of  *0 
eta.  per  cu.  yd.  for  placing  the  "bottoming"  after  delivery.  It  took 
l.a  eu.  yds.  of  loose  stones  measured  In  the  wagon  to  make  1  cu.  yd. 
of  "bottoming."" 
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The  macadam  surfftce  would  have  rost  as  much  aa  any  other 
■*"■'■'■"  of  etiuol  tblckneas  (3  Ina)  had  It  not  been  lor  the  use 
at  earth  as  a.  t>liider  loEtead  of  Bcreenlngs.  It  took  1.2  cu.  yds.  of 
troken  stone  to  make  1  cu.  yd.  of  rolled  stone,  tor  a  borae  roller 
<ni  used,  and  It  did  not  compact  the  stone  as  much  aH  a  Meam 
toiler  would.  The  cost  of  thii  broken  atone  can  be  estimated  by 
&ta  already  given.  The  cost  of  roUInK  the  "bottoming"  and  the 
maodani  surface  were  not  kept  separatelr ;    but  rolling  both  was 

The  2%-ton  roller,  dtawn  hy  a  team,  averaged  ISO  lln.  fL  of 
TOBdway  II  ft.  wide  per  day  of  10  hra,  which  Is  equivalent  tt> 
9l>  iq.  yda  per  day,  at  a  coat  of  4  cts.  per  sq.  yd.  By  far  the 
freater  part  of  the  rolling  was  confined  to  the  1-ln.  macadam. 
The  team  on  the  roller  was  taken  off  from  time  to  time  and  hitched 
(0  a  siirlnkUnK  cart.  Water  for  sprinkling  the  macadam  waa  ob- 
tolced  from  a,  nearby  hydrant.  SummarlalnK  the  coeta,  we  have 
tiie  tollowlnB: 

Cost  of  bottoming  (B  Ina.  thick).  In  place. 

Quarrying  and  loading  1.2  cu.  yda.  at  40  eta. fO.lS 

Hauling  2  mllea,  l.i  cu.  yda  at  40  eta. 0.48 

Placing    0-40 

Total  per  cu.  yd.  In  place 11.18 

Cost  of  macadam  aurface  (S  Ins.  thick). 

Quarrying  and  cruBhlng  1,3  cu.  yda  al  BS  eta t0.8K 

Haullns  2  miles.   1.2  cu.  yda.  at  10  cts. 0,48 

Spreading  l.Z  cu.  yda  at  12  eta 0.14 

Shoveling  on  earth  for  binder,  0.4  cu,  yda.  at  IS  eta..    0,05 
Sprinkling  and  rolling,  4  cts,   per  aq.  yd 0.48 

Total  per   cu.  yd.   In  place tl,81 

The  cost   per   square   yard,   exclusive   of   grading   the   roadway. 

Per  sq.  yd. 

l-«  cu.  yd.  bottoming,  at  tl.3« tO.£3 

I-II  cu,  yd.  macadam,  at  tl,Sl O.IG 

Total     10.38 

laborers  were  paid  IS  eta  per  hr,.  and  teams  iS  eta  per  hr.  The 
cost  of  foremen  la  not  Included.  The  cost  of  the  quarrying  is  given 
M  page  210, 

Ths  foregoing  relates  to  trap  rocb.  If  limestone  or  sandstone 
occorrlng  In  tbln  beds  Is  quarried  by  <redglng,  and  la  rou^ly 
•cabbled  and  laid  tike  a  paving,  the  coat  of  a,  telford  "bottoming*' 
is  practically  the  some  as  for  the  alope-wall  paving  given  In  aec- 
liM  on  Uoaonry.  The  cost  of  the  macadam  surface  may  be  esU- 
atMad  from  data  given  on  previous  pagea 
Cost  of  Sand-Clay   Roada.*— The  mixing  of  sand  and  clay  as  a 

'Bnfftneering-Contracttna,  Nov.  28,  ia06. 
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form  of  rood  conAructlon  haa  received  careful  Miid7  br  the  OITIO0 
of  Public  Roads.  U.  S.  DepartiDent  of  Agriculture,  and  a  bulletin 
by  WUllam  L.  Bpoon,  Road  Cxpert.  Office  of  Public  Roada;  haa 
recently  been  Issued  deecripilve  of  tbla  method  of  construction. 
The  matter  of  sand-clay  roads  Is  of  considerable  Importance  to  the 
Atlantic  and  Oulf  States,  where  througihout  large  area*  sand  and 
clar  are  practically  the  only  materials  avallsble  for  road  hulldlnK- 
In  the  Southern  States  a  number  of  sand-ctay  roads  have  been 
built,  and  they  have  proved  well  adapted  for  light  traffic 

The  best  sand-clay  road  Is  one  In  which  the  wearing  surface  Is 
composed  of  grains  of  sand  In  contact  In  such  a  way  that  the  voids 
between  the  sralns  are  entirely  fllled  with  clay,  which  acts  as  n 
binder.  Any  excess  of  clay  above  the  amount  necessary  to  fill 
the  voids  In  the  sand  is  detrimental.  All  the  experiments  made 
by  the  Office  of  Public  Roads  Indicate  that  the  materials  should 
not  be  mixed  In  a  dry  state,  but  should  be  thoroughly  miKed  and 
puddled  wllh  water.  This  Is  most  easily  brought  about  Immediately 
after  a  heavy  rain,  the  clay  having  been  previously  spread  and  the 
larger  lumps  broken  up  as  completely  as  possible.  The  surface 
should  then  be  covered  with  a  few  Inches  of  sand  and  plowed  and 
harrowed  thoroughly  by  means  of  a  turning  plow  and  a  cutaway 
or  disc  harrow.  In  cases  where  the  plowing  and  harrowing  ara 
considered  too  expensive,  the  mixing  may  be  left  to  traffic.  This, 
however,  leads  to  a  muddy  road  surface  for  a  long  time,  although 
Anally  It  Is  possible,  by  a  proper  distribution  of  saod  upon  the 
clay,  to  bring  about  a  fairly  good  result. 

Wbere  a  slaking  clay  Is  ased,  very  much  less  puddling  Is  re- 
quired, as  there  are  practically  no  lumps  to  be  broken  up  and  the 
mixing  can  easily  be  done  with  the  harrow  after  a  rain.  Slaking 
clays  do  not  usually  make  as  effective  binders  as  the  more  plastic 
clays,  and  as  a  result  the  road  surface  becomes  more  dusty  In  dry 
weather.  The  best  kind  of  clay  for  this  kind  of  construction  Is  one 
that  slakes  sufficiently  eaHlly  to  enable  the  lumps  to  be  readily 
broken  up.  and  that  at  the  same  time,  without  being  too  plastic,  has 
sufficient  binding  power  to  cement  the  grains  of  sand  and  form  a 
smooth.  Impervious  surface  on  the  road. 

No  exact  rules  can  be  laid  down  for  calculating  In  advance  the 
best  mixture  of  clay  and  sand.  An  easy  method  tor  making  a 
rough  estimate  of  the  volume  of  the  clay  filler  re<iulred  for  any 
unit  quantity  of  a  given  sand  Is  given  by  Mr.  Spoon  as  follows: 
Two  ordinary  glass  tumblers  of  as  nearly  as  possible  the  same  slie 
are  niled  to  the  brim,  one  with  the  dry  sand  to  b«  tested  and  the 
other  with  water.  The  water  Is  then  poured  carefully  from  the  one 
glass  Into  the  sand  In  the  other  until  It  reaches  the  point  of  over- 
flowing. The  volume  of  water  removed  from  the  glass  which  was 
originally  full  of  water  can  be  taken  as  an  at>proxlmate  measure 
of  the  voids  In  the  unit  volume  of  sand  contained  In  the  tumbler.  A 
simple  calculation  will  reduce  this  to  percentage  volume^ 
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In  the  coQstmctton  of  «aiid-«Uy  roada  two  diBtlact  condltlona  are 
likely  to  be  met;  The  road  may  have  e.  sandy  nitwoil,  that  muM 
be  overcame  by  the  addition  at  cloy ;  or  the  aubaoll  may  be  of  clay, 
ind  In  thlB  laae  aand  muat  be  added  to  It. 

Etmd-Clay  CimttTuction  fn  a  Btmdy  S^htoil. — In  the  conatructlon 
af  a  Band-cbky  road  upon  a  sandy  nibsoll.  after  the  drainage  haa 
been  provided,  the  roadbed  should  be  brought  to  crown.  A  aec- 
tkm  of  tbe  road  nearest  the  source  of  the  clay  Is  crowned  flrirt, 
■nd  on  thiB  section  the  flrst  load  of  clay  Is  dumped,  each  succeeding 
load  being  hauled  over  the  preceding,  care  being  taken,  however, 
lo  BtmaA  each  dumped  load  separately  and  evenly  before  It  ts 
driven  over.  After  the  clay  has  been  spread  It  Is  covered  with  a 
layer  of  clean  sand,  and  when  the  road  has  been  opened  to  trafllc 
additional  aand  should  be  added  to  keep  the  surface  smooth  and 
prevent  the  formation  of  mud.  If  a  narrow,  single  track  roadway 
Is  to  be  built.  It  haa  been  round  beat  to  spread  the  clay  to  a  width 
oC  about  12  ft.  and  to  a  depth  of  S  to  S  Ina  In  the  center,  taperlns 
the  layer  to  a  (hin  edge  at  the  aides.  After  the  clay  layer  Is  com- 
pleted and  covered  With  aond.  If  the  clay  Is  plastic  and  lumpy,  it 
will  probably  ba  necessary  to  plow  and  harrow  It  alternately  until 
the  Inmpa  are  thoroughly  disintegrated,  advantage  being  taken  of 
lalns  to  puddle  the  road  surface  with  a  harrow. 

More  Band  must  be  added  If  the  surface  shows  a  tendency  to 
"^U"  and  cake,  and  if,  on  the  other  hand,  the  surface  loosens 
In  flry  weather.  It  is  due  to  an  Insufficient  quantity  of  clay  or 
because  the  clay  ladta  binding  power. 

A  roadway  13  ft  wide,  with  an  average  depth  of  G  Ina  of  clay. 
will  require  1  cu.  yd.  of  clay  to  cover  4^4  ft.  of  road  length;  or 
I.ITJ  cu.  yds.  of  clay  will  he  rcQulred  for  one  mile  of  IS-ft.  road- 
way. Hr.  Spoon  states  that  the  average  load  haa  been  found  to  be 
about  %  to  %  CD.  yd.,  when  the  haul  la  over  sand,  and  1  cu.  yd. 
when  the  haul  Is  over  a  dry  clay  road. 

BamO-Cbm  Coaatructton  oh  a  Clay  jSwbsolL— As  In  the  flret  case 
pti^ier  drainage  must  be  provided :  the  road  should  then  be  crowned 
as  nearly  as  possible  to  the  form  desired  In  the  finished  road.  The 
read  surface  should  have  a  slope  of  at  least  Vi  I",  per  foot.  It  Is 
moch  more  Important  to  form  first  this  foundation  crown  with  a 
cloy  than  with  a  ^ndy   snbsolL 

After  the  (oondallan  has  been  prepared,  the  surface  should  be 
^owed  and  harrowed  .to  a  depth  of  about  *  Ina,  until  it  Is  pulver- 
iied  as  completely  aj)  possible.  It  Is  then  covered  with  S  to  3  Ins. 
of  clean,  aiiKular  sand,  spread  so  that  the  layer  Is  thickest  at  the 
center  of  the  road. 

The  first  mixing  by  plow  and  harrow  Is  done  while  the  materials 
are  stitl  in  a  comparatively  dry  state.  After  the  first  mixing  has 
been  Aniahed  the  road  Is  finally  puddled  with  a  harrow  after  a  rain. 
In  case  elcMs  of  clay  works  to  the  surface,  more  sand  la  applied. 

When  the  mixing  and  puddling  has  been  completed  the  road  Is 


326        HANDBOOK  OF   COST  DATA. 

Bhaped  while  It  1i  still  soft  enoutrti  to  be  properly  flniahed  wtth  a. 
scraper  and  at  the  same  time  atlff  enough  to  pack  well  under  tha 
roller  or  action  of  trafllc. 

Cott  of  Band-Clay  Comtmction. — The  coat  of  thla  form  o(  con- 
fiCructlon  varies  with  the  conditlonB.  The  futlowInK  data,  glvea  b7 
Mr.  Spoon,  are  based  on  the  aaaumptlon  that  the  clay  can  be  pro- 
cured within  a  mile  ol  the  road  that  la  to  be  Improved,  and  that 
the  ooat  of  labor  la  about  tl  per  day  and  teams  (3  per  day.  On 
those  assumptions  the  cost  of  constructing  a  12-ft.  Band-clay  road 
«n  a  sand  foundation,  covered  with  clay  to  an  average  depth  of 
-6  Ins.,   would   tra  approximately  as  follows  for  a  distance  of  one 

Crmemng  and  tbaptng  road  with  road  machine:  Total. 

5  teams  at  »3.  1  day %     «.00 

I  operator  at  J1.50,  1  day l.EO 

lAiadino  and  Haulfng.- 
LoosenlnB  clay  w'th  pick  and  shoveling  Iftto  wasans,  1.173.33 

cu.  yda  at  15  cts. ]7e.OI) 

Hauling,    1.173.33  cu.  yda  at  23  cts 289.86 

Spreadlni;  Ctay  with  Road  liachlne: 

H  teams  nl  13,  3  dnys IB.OO 

1  operator   at   J1.60,    3   days ^.60 

Bhoveling  Sand  on  Clan: 
Estimated  at  M  ct  par  sq.  yd. 3B.80 

HarrotBlng: 

1  team  ot  %3,  2  days 8.00 

Shaping  and  Drafting  aith  Road  Machine: 

2  teams  at  |3,  2  days 13.00 

1  operator  at  tl-GO,  2  days 3.00 

Rolling: 
Estlmnled  nt  H  ct.  par  sq.  yd 3S.80 

Total     (5:8.28 

On  this  basis  the  estimated  cost  per  square  yard  of  road  surface 
would  be  about  S  cts.  The  cost  of  building  a  sand-clay  road  on  a 
■clay  foundation  would  not  vary  much  from  the  figures  given.  In 
fact,  the  latter  form  of  construction  would  probably  be  cheaper. 

According  to  the  experience  of  the  Office  of  Public  Roads,  the 
cost  of  sand-clay  construction  In  the  South  has  been  found  to  rangA 
from  1200  to  (1,200  per  mile.  In  most  cases  rmLnlng  from  tlDO 
to  tSOD. 

A  sand-clay  road  constructed  under  the  direction  of  the  Ofllce 
at  OalnesvlUe.  Fla..  1  mile  In  length,  14  ft  wlde^  and  having  a 
9-ln.  sand-clay  surface,  cost  1881. !B  per  mile,  or  10  cts.  per  sq.  yd. 
Another  sand-clay  road  built  under  the  direction  of  the  Ofllce  at 
Tallahassee,  Fla..  18  fL  wide  and  surfaced  with  about  T  Ina  of 
sand-clay  mixture,  cost  1470  per  mile,  or  about  E  cts.  per  squBTS 
yard.  In  case  changes  of  grade  have  to  be  made  with  conseQUent 
cut*  and  fills,  the  cost  would  be  proportionately  greater  than  the 
figures  given  above. 
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CMt  Of  a  8anct>Clay  Road  In  law*.*— During:  the  tWS  seulon  of 
the  road  school  of  the  State  Hlg^iway  Conunletdoii.  a  mile  of  aanil- 
clay  road  was  built  to  teat  thle  farm  of  conMructlon  for  Iowa. 
The  rmd  aelected  Ilea  partly  within  the  Incorporated  llmita  of 
Waterloo,  and  was  In  auch  bad  condition  that  there  was  practically 
DO  heavy  traffic  over  it.  Ab  bood,  however,  aa  the  road  wa<  com- 
pleted It  took  all.  traffic  for  farmem  llvlnjc  northeaat  of  Waterloo, 
with  satlafactory  results  during  the  pasi  year.  Some  of  the  actual 
coat  flKures  on  the  work  were  as  follows: 

Amount   of   clay   handled S.lStcu.yda 

Total  road  covered 2.800  lln.  ft. 

Total    rood    Improved 6,880  lln.  ft. 

Width    of    sections IS  ft. 

Dept  of  clay  In  center 18-20  In. 

Amount  of  clay  per  lln.  ft 75  cu.  yds 

Averase  cost  per  yd.  tn  place  Including  clearing,,  weed 

cutdng  and  flnlBhlns   41.6  ct*. 

Average  haul   , 4.420  ft. 

Average  cost  per  mite  at  above  flgurea ll.SGO 

TWe  latter  flgure  would  Include  coat  wherd  the  entire  mile  had  to 
be  covered  with  clay,  but  In  the  case  of  the  road  at  Waterloo  only 
about  one-half  the  entire  length  Improved  had  to  be  covered.  One- 
quarter  wa>  ImDrovad  by  cutting  down  a  clay  hilL  the  clay  being 
used  In  Dlling  over  the  sand,  and  one-Quarter  being  simply  shaped 
With  a  road  machine.  The  cost  per  mile  under  these  condition* 
would  be  reduced  to  about  tl,0O0.  labor  was  paid  t2.2B  per  day 
and  f5  per  day  was  paid  for  teams  and  dump  wagons- 
Cost  of  Cinder-Clay  Road,  lowa.t — Several  miles  of  road  have 
been  constructed  of  soft  coal  cinders  In  and  near  Council  Bluffs,  la. 
This  material  was  us«d  owing  to  the  lack  of  atone  niltable  tor 
macadam,  the  limestone  In  lliat  neighborhood  being  nearly  worlh- 
leae  for  that  purpone.  and  suitable  stone  being  far  distant.  The 
method  of  construcllng  these  roads  as  given  In  a  letter  to  the 
editora  from  Mr.  W.  F.  Baker.  Supervisor  of  Pottawattamie  County, 
Iowa,  la  as  follows;  "We  use  aboul  800  cu.  yds.  of  cinders  per  mile 
and  this  leaves  them  about  5  Ina  thick  and  10  ft  wide  upon  the 
surface  of  the  road.  We  then  plow  the  roadbed  to  a  depth  of  atrout 
B  Ina.  below  the  cinders  and  10  ft.  wide,  thus  thoroughly  mining 
the  clnderB  with  the  dirt, — about  one  half  of  each.  We  then  use  a 
blade  grader  moving  this  mliture  outward  from  the  center  to  the 
depth  plowed  and  10  ft.  wide,  finding  a  smooth  hard  surface  that  is 
rolled  thoroughly-  We  then  move  this  mixture  back  with  our 
grader,  qiroading  it  evenly  over  this  hard  surface  about  Z  Ina  thick 
at  a  time,  following  each  layer  with  a  heavy  roller,  thus  building 
up  till  it  conforms  to  the  roadbed  upon  each  Bide,  and  sloping  from 
tba  center  outward  about  IVi  Ina  to  the  foot.  Cinders  cement 
equally  w^  with  bill  clay,  black  soil,  or  gumbo,  but  not  so  well 
with   aandy  soil.     We  have  had   this  system  of  road  In  use  over 
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one  y«ar  where  there  hai  been  exceedingly  he&vr  traflic  wltb  nar- 
row Urea  and  we  believe  It  la  equal  In  Curability  to  nwcadam.  much 
easier  and  more  cheaply  repaired  and  coating  not  to  exceed  one- 
tenth  as  much  In  ttila  locality.  Ttila  roadbed  !■  not  only  exceedlnKly 
hard  but  rough,  so  rubber  tires  do  not  pick  It  up,  and  when  dis- 
placed with  shoe  corkB,  It  cementa  bbbIq  under  preaaure,  while  rain 
haa  no  eltect  upon  It.  This  form  oC  rtud  leavea  a  dirt  road  on  each 
aide  for  the  travel  In  dry  weather,  which  1  considered  very  Impor- 
tant Aa  to  the  coat.  If  you  were  to  pay  26  eta.  per  yard  for  the 
cindera,  and  then  haul  them  from  o.'.e  to  two  mllea  to  your  road, 
your  road  when  completed  would  coat  not  to  exceed  (BOO  per  mile." 

Coet  of  Burnt  Clay  Roada.* — In  aome  aectlona  of  the  country  clay 
Is  the  only  available  material  from  which  roada  can  be  conalructed. 
Thla  la  so  In  large  areas  In  the  South,  particularly  In  the  valleys  of 
the  Ulsalsslppl  and  its  Irlbutartea,  where  sedimentary  clays  «re 
found  very  generally.  There  In  little  or  no  sand  In  these  areas  and 
the  clays  are  of  a  particularly  plaatlc  and  sticky  variety,  making 
trafHc  In  such  localltl^a  almost  Impossible  during  the  wet  season. 
To  meet  thla  condition  the  Once  of  Public  Roada,  U.  a  Department 
of  Agrtcullure.  haa  made  experiments  aa  to  the  burning  of  these 
claya  so  as  to  not  only  destroy  the  plastic  qualities,  but  also  aa  tsr 
as  possible  to  form  hard  brlck-Uke  lumps  which  should  be  capable 
of  sustaining  tralBc.  Following  these  experiments  an  experimental 
road  was  constructed  which  Is  proving  highly  satisfactory.  The 
construction  of  this  type  of  road  as  well  as  the  construction  of 
■and-clay  roads.  Is  given  in  a  bulletin  by  William  I^  Spoon.  Road 
Expert,  ODlce  of  Public  Roads,  which  has  been  recently  Issued  by 
the  U.  a  Department  of  AKrlculture.  In  the  preparation  of  the 
roadbed  for  burnt-clay  roads,  the  road  Is  (raded  to  an  even  width 
between  ditches,  and  la  then  plowed  up  aa  deeply  as  possible. 
Furrows  are  then  dug  across  the  road  from  ditch  to  ditch,  extending 
through  and  beyond  the  width  to  be  burned.  If  it  Is  Intended  to 
bum  12  IL  of  roadway,  the  transverse  furrows  should  be  te  ft. 
long,  so  as  to  extend  2  R.  on  each  side  of  the  flnal  width  of  the 
roadway.  Across  the  ridges  formed  between  these  furrows,  which 
should  be  about  4  ft.  apart  the  first  course  of  cordwood  la  laid 
longitudinally,  so  aa  to  form  a  series  of  flues  In  which  the  firing  ts 
started.    From  IG  to  20  of  these  Ouea  are  fired  at  one  time. 

Good  sound  wood,  as  dry  and  well  seasoned  aa  poaslble.  la  used 
tor  fuel.  But  In  addition  dry  brushwood,  bark,  old  fence  rails,  ties, 
coal  alack,  may  be  used  to  advantage  with  the  cordwood.  The 
beat  and  soundeat  cordwood  la  selected  for  the  first  course,  and 
should  be  laid  so  that  the  pieces  will  touch,  thus  forming  a  Hoor. 
Another  layer  of  wood  la  thrown  Irregularly  acroas  this  ftoor.  In 
crib  formation,  with  spaces  left  between  In  which  ths  lumps  of  clay 
are  piled.  This  clay  should  be  In  coarse  lumps,  so  as  to  allow  « 
draft   for   easy   combustion. 

After  the  lumps  of  clay  have  been  heaped  upon  this  Aoor  another 

•  EnffHieerlngCotitTactlHg,  Dec  G,  1S0«. 
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coniw  of  wood  la  laid  parallel  to  the  flrM.  The  third  la^r  la 
placed  [n  exactly  the  same  manner  as  the  flrat,  and  each  openlDK 
md  crack  filled  with  brush,  chips,  or  any  other  combuatlble  ma- 
iHlaL  The  top  layer  of  clay  Is  placed  over  all  and  the  Oner  por- 
Uona  of  the  material  heaped  over  the  whole  atructure.  Thii  Onal 
layer  should  be  taken  from  aide  dltchea,  and  may  be  liimpa  of  all 
aliea.  It  la  apread  event)'  over  the  top  In  a  layer  of  not  leaa  than 
I  to  8  Ina.  Finally  the  whole  la  tamped  and  rounded  off  ao  a«  to 
hold  the  heat  aa  lonx  aa  poaaible.  If  coal  alack  la  available  two  top 
layera  of  wood  may  be  left  out  and  the  alack  thoroughly  mixed  with 
(he  clay.  A  careful  arrangement  of  the  cordwood  cribbing  to  >ep- 
anite  the  clay   la  important. 

In  the  practice  of  the  Oflce  of  Public  Boada,  16  or  SO  fluea  are 
prepared  ready  for  flrlng  In  one  aoctlon.  However,  If  a  large  force 
of  Uborera  la  available,  a  greater  number  of  fluea  can  be  tired  at 
<me  tbne.  Tbe  beat  reaulta  are  obtained  by  Srlng  all  the  fluea  of  a 
aecUon  limultaneoualy  and  maintaining  the  combuatlon  as  evenly 
aa  po8^bl& 

After  the  Bring  la  completed  not  only  the  portion  of  clay  which 
lamu  the  top  of  the  kiln,  but  the  rldgea  between  tbe  lluei  ahould 
be  burned  thoronghly.  ao  aa  to  form  a  covering  of  burnt  clay  ID 
to  11  Ina  In  depth,  which,  when  rolled  down  and  compacted,  forma 
a  road  aurface  of  from  ■  to  S  Ins.  In  thlckneaa.  If  properly  burned. 
the  material  abonid  be  entirely  changed  In  character,  and  whan  It 
<■  wet  It  ahould  have  no  tendency  to  form  mud.  When  the  material 
la  nifflclently  cooled  the  roadbed  should  be  brought  tO'  a  high  crown 
before  rotllng.  In  Order  to  allow  for  the  compacting  of  the  material. 
This  can  best  be  done  with  a  road  grader.  After  thia  the  rolling 
riiould  be  begun  and  continued  until  the  roadbed  la  amooth  and 
hard.  The  flnlahad  crown  ahould  have  a  alope  of  at  leaat  K  In. 
to  the  tooL 

The  main  advantages  of  burning  a  road  over  Its  entire  length 
are  that  the  coat  of  transporting  clay  Is  avoided  and  that  the  aub- 
grade  of  the  road  la  burned  as  welt  as  the  material  above. 

In  giving  the  coat  of  burnt-clay  conatructlon  Mr.  9poon  atstea 
that  it  ts^  of  course,  impoaalble  to  give  the  coat  of  a  burnt-clay  road 
which  will  apply  to  the  same  work  In  all  aectlona  of  the  country. 
Although  thIa  form  of  construction  In  the  South  up  to  the  present 
time  liBs  t>een  successful,  It  cannot  as  yet  1>e  said  to  ha  a  passed 
tbe  experimental  stage.  The  Items  ol  cost  of  the  experimental  road 
tSD  fL  long,  BB  constructed  at  Claikadale.  Mlaa,  are  as  follows : 


JOU  cords  of  wood,  at  tl.30  per  cord tS».6!> 

10  loads  of  tiaik,  chips,  etc E.OO 

Labor  at  fl.lS  per  aa-Y  and  teams  at  (3  per  day S8.S0 

Total  coat  of  SOO  feet tS3.BB 

Total  cost  per  mile  at  this  rate (1,478.40 

Blnce  the  above  road  was  built  numeroua  aectlona  of  burnt-clay 
road  have  been  conatmcted  In  that  locality,  and  up  to  the  present 
time  only  favorable  reports  regarding  them  have  l>een  received. 
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Com  of  MilntainlnB  Earth  Road*  by  Dragging.* — In  a  recentl)' 
laaued  Farmers'  Bulletin.  Mr.  D.  Ward  Kins  slvea  aome  data  on  tbe 
cost  of  maintenance  of  earth  roada  by  drasBlnS-  He  states  that 
the  most  elaborate  form  of  split  log  drag  will  coat  but  a  (ew  dollars 
for  material  and  labor,  while  one  man  and  team  can  operate  It  suc- 
cessfully under  all  usual  conditions.  Mr.  King  gives  the  lollowlnK 
flfTures  as  showing  the  cost  of  maintaining  ordinary  country  roads 
per  mile  per  year  without  a  drag.  They  were  obtained  in  Kansas 
by  Prof.  W.  C.  Hoad.  of  the  Unlversfty  of  Kansas.  In  1908.  and 
were  taken  from  tbe  official  records  of  the  counties: 

Crawford    County    |G2 

Douglas  County    S8 

Franklin  County   H 

Johnson   County    18 

Neosho    County    40 

Saline   County    4:1 

The  average  cost  Is  ftl.SO  per  mile  p?r  ypnr.  and  Mr.  Kins  states 
that  It  may  safely  t>e  said  that  the  cost  of  dragging  would  be 
Crining  In  comparison.  In  the  Report  of  Highway  Commissioner 
of  Maine  In  1906  It  Is  stated  that  the  least  expense  per  mile  for 
dragging  was  nbout  tl.GO ;  the  greatest  a  little  over  (6  ;  the  aver- 
age expense  per  mile  (or  GK  miles  a  little  less  than  ti.  One  town- 
ship In  Iowa  experimented  with  the  drag  on  28  miles  of  highway 
tor  a  year.  The  township  paid  for  the  making  of  tlie  drags  and 
hired  men  to  use  them.  The  total  expense.  Including  the  original 
cost  of  the  drags,  for  the  year  averaged  tZAO  per  mile.  A  neighbor- 
hood of  farmers  In  Ray  County,  Mo.,  employed  one  of  their  number 
to  drag  a  5-nille  stretch.  Ho  received  compensation  at  the  rate  of 
$3  per  day.  When  fhe  end  of  the  year  came  and  a  settlement 
was  made,  the  coat  for  the  year  was  found  to  be  |1.6«  per  mile. 
The  road  Is  a  tough  clay.  ProT.  William  Robertson,  of  the  Mlnns- 
sota  Agricultural  Station,  after  a  year'f  experience  In  dragging  a 
mnin  road  made  entirely  of  gumbo  without  any  sand  or  gravel,  and 
which  during  the  past  year  has  shown  no  defects  either  by  rutting 
or  development  of  soft  places,  fixes  the  cost  of  the  work  at  not 
to  exceed  tl>  per  mile. 

Cost  of  Maklna  a  Corduroy  Road. t— The  old-tashloned  corduroy 
road  la  stilt  used  frequently  by  contractors  where  It  Is  necessary 
to  cross  a  swampy  piece  of  ground  with  a  temporary  roadway. 
Such  a  road  la  frequently  made  of  split  cedar  sticks,  about  as 
large  aa  fence  posts,  cut  In  8-ft.  lengths,  and  laid  In  a  cloae  row 
on  the  ground.  Then  earth  Is  shoveled  onto  the  sticks  to  even  up 
the  hollows.  A  good  axman  can  cut  down,  saw.  spilt  and  lay  tho 
cedar  for  h  corduroy  road  at  tbe  rate  of  10  to  ED  Un.  tL  (t%  to 
a  rods)  per  day.  Hence  It  he  receives  t^  a  day,  It  costs  4  to  5  eta. 
per  lln.  ft  of  road,  or  fZOO  to  t!EO  per  mile.  The  foregoing  la 
based  on  some  records  of  work  done  under  the  direction  of  the 
managing  editor  of  Engineering-CrmlracHno. 

•EnBtneeriKe-Contracting,  May  fl,  1908. 
fBrnrinveriitg-CoHtracUno,  Feb.  6.  1907. 
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Ctwt  of  Qraval  Ro«ta,  Indiana.*— Mr.  Ctias.  C.  HuSlne.  «iunl; 
engliieer  of  ClinloD  County,  Ind.,  has  given  us  the  lollowlnB  data 
on  the  coiutructlon  o(  gravel  roads  In  that  county : 

Per  en.  yd. 

Cost  of  gravel  at  pit JO.IO 

Stripping    pit     , O.OS 

Haulfiig     0.30 

Dumping   and    spreading O.oj 

Shoveling    0.10 

lilBcellBneouB     O.OS 

Total      10.63 

As  about  1.800  cu.  ydit,  of  gravel  are  required  per  mile  of  road. 
ibe  con  vUl  t>e  tl.134.  In  addition  Ur.  Hufflne  eatlmates  the  coat 
ot  grading  the  roadbed  at  tS*")  and  the  coat  of  brldgee  and  culverts, 
■t  1200,  making  the  total  cost  per  mile  tl.BSI.  The  above  estlmalu 
t>  for  bank  gravel.  The  majority  of  roads  built  In  Clinton  County, 
bonever,  have  been  made  from  gravel  taken  from  wet  pita  malclnit 
an  additional  expense  of  25  eta  per  cubic  yard  for  dipping  or 
10  eta  per  cubic  yard  for  pumping  water,  depending  on  the  method 
by  Which  the  Kravel  ia  taken  out.  This  would  Increase  the  cost 
of  the  rood  H&O  or  1180  per  mile,  respectively.  The  above  are 
■bout  the  flverage  cost  of  gravel  roads  In  Clinton  Cownty  for  the 
paM  Bve  years.  The  contract  prices  for  these  roads  have  varied 
from  II.TSO  to  13,100  per  mile.  The  speclllcallons  for  the  con- 
"tnietion  of  a  gravel  road  In  the  above  county  require  the  road- 
bed to  be  graded  to  a  width  of  34  ft  and. the  gravel  surfacing  to 
be  plaeed  to  a  widtb  of  9  ft.  The  gravel  Is  required  to  be  placed 
IS  Ina  deep  at  the  middle  and  9  Ina  at  the  tide.  Common  labor 
In  Indiana  Is  paid  about  13>Fi  eta  per  hour,  and  about  30  cts.  per 
bonr  Is  paid  for  a  two-horse  team  and  driver. 

Cort  of  Gravel  Street,  Mich  loan.— Mr.  A.  W.  Saunders  gives  tho 
following;  The  gravel  was  often  very  wet  puddled  In  fact;  87  cu. 
yd*  of  gravel  made  90  lin.  ft  of  street  6  Ins.  thick  on  the  center 
line  and  4  Ina  thick  at  the  gutter,  and  2B  ft.  wide.  The  gravel  was 
nnkituled  from  a  lighter,  10  men  doing  the  work.  Six  men  In  a, 
10-hr.  day  loaded  124  cu.  yda  on  six  teams,  using  eight  wagons. 
Each  round  trip  of  team  averaged  4B  mina.  a  total  of  68  trips  being 
made  in  a  10-hr.  day. 
The  cost  per  cubic  jtard  measured  loose  was  as  follows: 

Per  cu.  yd. 

Gravel     ^ tO.860 

Unloading,  at  II. T6  per  day ISO 

Hauling,   at  »4.B0  per  day 2B7 

Spreading,  at   fl.TE  per  day 0S7 

Superintendence   and   depreciation 021 

Total      11.366 

CrH*  Reference  on  Coct  of  Qradlng  Roads. — The  readar  Is  re- 
ferred to  the  section  on  Barth  Eicavatlon  and  Embankment  for 
Ihe  discussion  of  grading  costs. 

'SnifiiieeHKff-CiHitracHng,  Dec;  18.  1907. 
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Coit  of  Grading  •  R«ad,  Naw  York.-A  BtUT  ctay  vai  ditched 
and  graded  lor  a  New  Toik  etate  maisidBiii  road  near  BuITbIo,  at 
the  followliiK  cost  per  cu.  yd. : 

Pereu-yd. 


LoadlRR  Into   wagons O.llU 

HaullnK    1,000    ft O.OBM 

SpreadFnK     .  "  *' 


Hauling   1,000   ft... 

I.  supt.,  timekeeper  and  water  t»y O.ol 

Total     (0.31 


The  work  was  done  by  contract,  and  waites  were  tl.60  for  aom- 
mon  laborers,  t^EO  (or  learns,  per  S-hr,  day.  The  clay  was 
loosened  with  a  rooter  plow  and  Wds  hauled  In  patent  dump 
waEona-  This  cost  Is  a  safe  flgure  for  itlll  material  hauled  not 
more  than  1,000  ft 

The  con  of  Kradlng  t%  miles  of  road  under  conditions  esMn- 
tlally  aa  above,   except  that  the  material  was  a  irravelly  sal),  was 

Cost  of  Orading  a  Road,  Marylond'—Hr.  W.  W,  Croaby  gives  the 
following :    ^ 

Grading  a  road  for  a  t-ln.  macadam  pavement  14  ft.  wide,  the 
whole  roadbed  being  14  ft.  wide,  cost  39.8  eta.  per  cu.  yd.,  not  In- 
cluding the  cost  of  "shaping,"  which  was  H  cL  per  sq.  yd.,  which 
Is  equivalent  to  adding  4.3  cts.  per  cu.  yd.  to  the  grading  coat.  Tha 
road  averaged  I, TOO  cu.  yda  per  mile.  Work  was  done  by  day 
labor,  negro  labor  at  10  cts.  per  hr.,  and  team  at  40  eta. 

Cost  of  Grading  Road  With  Road  Machine,  Michigan.— Hr.  Frank 
P.  Rogem  rIvps  the  following  data  on  work  done  at  Port  Huron. 
Mich.:  A  street  wns  to  be  macadamlicd  with  a  strip  of  macadam 
I  ft.  wide  and  about  E  Ins,  thick  after  rolling.  The  earth  was  sand 
and  sandy  loam  overlying  clay.  The  aide  ditches  had  already  been 
made,  ond  the  street  was  already  well  turnplked  (crowned),  so  that 
the  grading  consisted  merely  In  preparing  n  bed  (or  the  macadam 
and  In  making  carlh  shoulders  to  hold  the  alone.  For  this  purpose 
a  copnmon  road  machine  was  used.  Aist  to  cut  off  the  high  placM 
end  ftll  the  hollows  by  sf-ttlng  the  blade  nt  rlRht  angles  with  th« 
center  line  of  the  street.  Then,  to  form  the  shoulders  and  cut 
the  crown  of  the  aubgrade,  the  blade  was  set  at  a  slight  angle  so  at 
to  crowd  enough  earth  to  one  side  of  the  9-ft.  strip,  forming  flrat 
one  shoulder,  then  the  other.  Slakes  were  act  1  tL  outalde  the 
•-ft.  strip  to  give  line  in  operstlng  the  grader.  The  edgea  of  the 
shoulders  were  eftemard  trimmed  by  hand  with  a  shovel  while  th« 
aubgrade  was  being  rolled  with  a  steam  roller.  The  grading  cost 
IBS  per  mile  In  this  soft  sandy  soli,  where  no  ditching  or  tumplking 

On  another  stretch  of  road.  In  sand.  It  was  necessary  to  break  up. 
re-grade,  and  trim  the  ditches  to  line,  as  well  as  to  make  the 
■houtdera  for  the  >-ft  macadam.    This  cost  about  fSflO  per  mile. 
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Two  tcain^  a.  driver  for  cACh  teem  and  another  man  to  oparat* 
tkt  grader  were  used.  Giach  team  and  driver  received  t3-E0  for 
II  bra  and  the  other  man  received  fl.eo. 

Average  Pricoe  of  Pavamenti  In  100  Repreacntativ*  CItloa,  To- 
Xlher  wnh  the  Wagea  of  Labor  and  Prices  of  Paving  MaUriala.^— 
to  our  laaoe  of  March  27,1907.  wo  printed  a  number  of  tablei  ahoK- 
Ins  the  character  and  coat  of  pavhiK  work  done  In  IDOS,  In  a  nun>- 
ket  of  repreeentatlve  American  cltlea.  tn  the  present  ianie  w» 
preaent  aomewhat  almllar  data  on  the  paving-  work  done  In  1901  In 
IW  dttea  of  the  United  States.  No  attempt  woa  made  to  cat  com- 
pMo  atatlBtlca  of  the  United  States ;  the  purpose,  rather,  waa  to 
nlcct  cltlea  In  vartoua  aectlona  of  the  country  on  the  aamimptioD 
Ikat  their  practice  and  activity  would  repreaenl  with  approxlmattt 
accuracy  the  practice  and  activity  of  theae  aectlona  a>  a  whole. 

Porhapa  the  moat  InterestinK  of  the  tablea  la  Table  IV.  ahowlnf 
Out  wacea  ot  labor  and  the  pricea  of  materlaJa  It  will  be  noted 
from  thia  that  the  S-hr.  day  doea  not  prevail  In  all  of  the  cltlea 
reportlnB.  Practically  all  of  the  Baatem  atatea  have  an  8-hr.  day, 
Mile  in  the  Middle  Weat  the  tO-hr.  day  aeemB  to  be  the  more 
conunon.  The  ratea  of  wasea  of  latMr  vary,  being  loweat  In  th« 
South  and  hlgheat  In  the  West  In  the  New  England  cltlea  tho 
vases  of  common  latmr  averaged  fZ.OD  per  day,  while  In  the 
MlddlB  Weat  the  averasa  waa  fl.TB.  Th«  cost  of  the  varloua  paving 
nalerlBls  taken  In  combination  with  the  coat  ot  labor  are  Interest' 
lac  In  as  much  aa  they  show  In  a  measure  the  reason  for  the  vaii- 
atlOB  in  the  coat  of  the  pavement  slven  In  the  other  tablaa 

"Riblas  T  to  X,  Blvlnc  the  cost  of  the  various  kinds  of  pavement, 
Aould  be  of  ganeral  interest,  althou^  It  Is  evident  that  no  par- 
iMly  Just  comparison  can  b«  made  without  going  far  deeper  Into 
local  condition*  than  the  data  sent  ua  would  permit  In  thesft 
iablea  the  average  price  per  aquare  yard  includes  grading,  unles* 
Mated  otherwiae. 

Cost  of  Paving  in  SO  American  Cltlsa-t —Tables  XI  to  xm  show 
the  construction  and  cost  pf  street  paving  in  about  SO  repreaenta- 
Uve  American  cltlea.  These  figures  were  collected  by  the  Commiltee 
OB  Roada  and  Favementa  of  tho  Illinois  Society  of  HSnginaers  and 
Sorveyors  and  were  reported  at  the  annual  convention  held  last 
WMk.  The  records  cover  macadam,  asphalt  an^  brick  and  block 
Knemoits  and  give  the  materials  used,  thickness  and  coat.  The 
casta  given  are,  of  courae.  costs  to  the  cltlea  and  not  costs  to  the 
wntractora.  No  very  accurate  genaral  conclusiona  can  be  drawn 
tma  these  records,  and  In  fact  this  waa  not  the  purpose  of  their 
oMlactlon :  they  show  Individual  records  of  city  paving  work  and 
for  this  ore  deserving  ot  careful  study,  Hr.  A.  N.  Johnaon.  Stat* 
bftmer,  minol*.  was  chairman  ot  the  cwnmlttao,  making  tb« 
report  from  which  the  tablea  are  taken. 
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■  I^cs  OP  M*<T*i^*>tf  Laid  ' 


»  190T  1 


3T  CITIM. 


Tot&l 

Pric«         Thlck- 

Per  CO.  yd.    new  of 

Ouai^  for  ara.aliis   Pave- 

trnix        antee      If  Paid         ment 

8q.  Tda.  Per  8q.  Td.  Tears.  Separatelr.  Incbea. 

w,  N.  T.  i,s«i         »i.ao  I  ....  8 

— T.  N.  J 5.(00  tO.lO  ■ 

_i,    Mass.    19,121  .00  ....  E-l 

Pa ti.iai  .136  •-!• 

t  Otause,  N.   J...   38,1S0>  l.OO*-  t  .15  11 

abethTN.   J 4,410>  1.25  1  ....  IS 

-  -nrtm,    JIL     B«,1Z(  I.OK"'  G  .ZB"  IJ 

Pond  du  I^c;  Wis...     0.000  .70*  1  .SO  11 

HoirokA  Mass.  ^^.l^^  .53 

JenerCltx,  N.  J 8.04<  1.00  G                .40  11 

Keokuk.    la.    10,172  .G3E*  I                 .36  10 

La  CroM&   Wla. S3,S19  l.OS  ....  It 

Hedfor^Maas.   20,000'  l.GO 

UUwaukoe.  Wis.    BT,115  .80- 

lOimeapolIat    Minn 20.GS1  .M)  8-12 

Naahvlli*.  Tenn 9.E91  1.05'  ....  16 

New   B«dford,    Uaas..  iS.TSS  .E3  ....  12 

Kewton,     Uaae. es,000<  .40  ....                 4 

OAkooh,   Wis,    14,020  .85  ....  10 

Fortltuid.    Ho.    12.275  .82  ....                 8 

Providence    13.407  ....               8* - 

Radne,   Wla.    7.84E  1.24* 

Richmond,    Ind.     11.000  .50  ....                 T 

Backtord,    HI (6.00S<  ,39  ....                 8 

Salt  lAka  aty.  Utah  64,000  1.00"  . .               .77'             9 

San    Antonio,     Tex..  .280.000<  .60  ..  8 

aarannah.  Oa. 0.39T*  .50 

8Mall«.  Ho.    12.566  .00              S              12 

SbaboyBBn,  Wla 4,G88  .99  ..              ....  12>* 

SotnervRle.     Blase.....  G,gOO>  .65 

South  Bend.   Ind 1.O08  .06*  .17                8 

Sumrlor.   Wla    60,608  1.26*  .10  12 

Btochlon,   CbL    83,008  .62*  ..                 -BO                7 

Tcdedo,0.   .._ 10,977  1.40"*                         

Troy,  N.    T.    ^ BOO  1.90 

WaHilitKton.   D.   C...  47.300  .80^"  .." 

Winona.  Ulnn 8.'>02  l.OD                          12 

•Doea  not  Include  grsdlriK. 

Telford  mscadam.  'About  one-balf  of  thla  was  over  a  marehy 
■HI  and  4  ft.  average  nil,  thua  making  the  averaKe  price  hlKtier  than 
UHial :  the  ordinary  coat  (or  8-ln.  macadam  IncludlnK  excavation 
•nd  sTBdInr  la  aboilt  tl  per  yd.  •Hlloa  of  JO-ft.  roadway;  of  this 
unount  7.43  mllea  was  diwie  by  city  at  11.85  per  lln.  ft.  and  2.23 
mllea  by  contract  at  11.79  per  lln.  ft.  'By  day  labor.  'Loow. 
•Done  by  City  EnKlneer's  department.  '80.05  to  ll-00._  '»0.50  to 
10.77.  'bravel  laid  on  aoll.  "Per  lln.  (t  "10.92  to  11.05.  "lO.lO 
to  30.25.  >^  fii&  limeatone.  8  Ina.  Branlta.  "10.80  to  tO-80-  ''By 
day  labor. 
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Prica*  (or  Estimating  StrMt  Work.*— Mr.  Geoifee  P.  Carver  kItm 
tbe  toitowlne  prloBB.  They  are  the  prlcea  per  square  yard  on 
practically  all  dasMB  o(  pavlnK.  and  are  used  by  the  eoKlDeertnc 
department  of  one  of  the  larseM  MasnchuBetta  cities  for  estimat- 
ing puriMses  to  determine  amount  necessary  for  appropriation. 

These  flcures  are  used,  and  to  the  total  10  or  IE  per  cent  ts 
added  (or  Incidentals. 

The  prices  in  this  list  are  made  up  from  the  flgures  submitted  in 
bids  for   pavlnK  work   In   that   city  and  are  very   close  to  actual 

The  floKKlng  Is  granite  and  North  River  stone. 

The  prices  given  are  per  square  yard  unlem  otherwise  stated. 

•IBlock   (granite)   pavlns   »i-3S 

•ItBlock    (graiHteS    paving    S.20 

••ttBlock   (granite)   paving   ^.10 

Tellord  macadam,   8  Ina.   pluB   4   Ina l.fiO 

Macadam.    8    Ina    l.OO 

••Asphalt,   B-yr.   guarantee   B.BO 

••Asphalt    lO-yr.    guarantee    S.7B 

•Paving  with  old  granite  blocks l.OO 

••Repavlng  with  old  granite  bloeka 3.TB 

New   blocks  furnished  on   ground l.tt 

Brick   sidewalks    1.10 

Qravel    sidewalks    0.40 

Crushed   atone   sidewalks    O.TO 

New  bricks  furnished    . 
bricks    flat 

X  old  brlckL    _. 

Cobble   gutters,    old    cobbles l.EE 

Tar  concrete  furnished  and  laid I.IG 

Oravel    roadway,    12    Ina    deep 0.B5 

■•Wood   paving,   furnished  and  laid S.GO 

•Bit.  brick  paving   I-(0 

Concrete   base,    S  Ina    0.88 

New    nagging,    furnished    on    ground 3.30 

flaying    flag^ng    1.00 

tFlaggrng  cross-walks,   furnished  and  laid 4. SO 

ftFlagglng  furnished  and  laid O.OO 

hFlagglng  furnished  and  laid S.IE 

New  edgestone  furnished,  per  Itn.  ft 0.70 

Setting  edgestone.  per  lln.  ft..  "" 


iVlng    bricks    flat     O.BI 

'laying  old  ■    ■  ■  *  "' 


„„„ ,„ and  laid,  per  lin.  ft O.OS 

Circular  edgestnne.  furnished  and  laid,  per  lln.  ft  l.EB 

Granolithic   sldewallts,   per    sn.    yd I.JO 

Earth  excavation   (ordinary  digging),  per  cu.  yd.  0.38 

Rock   excavation,   per  eu.  yd 1.76 

Setting  manhole  covers,  each 3.00 

Extra  work,  actual  coat  plus  15%. 

•Oravel  base;    f  gravel  Joints:   tt  Pitch  and  pebble  Joints; 

CMt  of  Utiloadlng  and  Hsullnfl  Brick*— Unloading  bricks  from 
a  gondola  car  to  wagons,  each  man  will  average  lOO  to  130  sq.  yds. 
of  brick  per  10-hr.  day.  ,.    ,     . 

In  S  to  10  mini,  a  gang  of  B  men  and  the  driver  will  easily  load 
a  wagon  with  enough  brick  to  lay  10  sq.  yds.,  which  Is  equivalent  to 

*Eita<ne«Tifto-C<mtnictlna.  May   IS,  190S, 
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a  load  of  2  tona.  Such  a,  load  can  be  hauled  by  a  team  over  an 
ordlnarr  good.  level  earth  street. 

Tn  unloading  the  bricks  st  the  curb  line,  the  driver  and  another 
maa  In  the  wa^n  tow  brick  to  two  men  who  stack  them  up.  They 
win  unload  the  waKOD  (11  sq.  yds.)  In  S  Co  10  mlns. 

Summing  up  wa  have  the  followlnK  coat  ot  loading  and  unloadlns 
(not  Including  the  lost  team  time)  : 

0.08  hr.  tabor  loading  wason.  at  t0.20 tO.OlSO 

O.OG  hr.  labor  unloading  wagon,  at   lO.tO 0.0110 

Total     lo.m' 

Since  the  lost  team  time,  while  loading  and  unloading,  amounts  to 
about  10  mlna  per  load,  or  1  mina  per  sq.  yd.,  we  have  a  coat  ot 
1.4  eta  per  sq.  yd.,  when  team  time  is  north  40  eta  per  hr. 

A  team  travels  1%  miles  per  hr.,  or  S!0  ft  per  min.  Hence 
the  coal  of  hauling,  when  the  load  is  10  sg,  yds.  or  t  tons,  la  1.2  eta 
per  sq.  yd  per  mile  of  distance  between  the  car  and  the  place  of 


We  have  a  fixed  coat  of  1.8  eta  for  labor  of  loading  and  unload' 
Ing.  plus  1.4  eta  for  lost  team  time,  or  a  total  fixed  cost  of  4.2  cla 
per  sq.  yd.    Hence  the  followlng>ru1e  for  the  coat  of  hauling  brick: 

To  a  Hxtd  eott  of  fl  eta.  per  aq.  inf.  odd  J.t  ct>.  per  iq.  yd.  per 
mile  v)hn  Ihs  load  is  X  tons. 

By  uaEng  two  estra  wagona  one  empty  wagon  at  the  car  being 
loaded,  and  one  full  wagon  being  unloaded  at  the  street,  the  Item 
of  "loat  team  time"  can  be  almost  entirely  eliminated,  for  a  team 
can  be  unhitched  from  an  empty  wagon  and  hitched  to  a  loaded 
wagon  in  1  mln.,  and  by  fastening  a  chain  from  the  rear  of  the 
loaded  wagon  to  the  tongue  of  the  empty,  the  empty  can  be  pulled 
up  alongside  the  car  ready  for  loading.  When  this  Is  done,  the 
"fixed  coat"  Is  reduced  to  2.8  eta  per  aq.  yd.  Then.  If  3  tons  are 
hauled  per  load,  as  is  common  on  city  streets,  the  coat  of  hauling 
brick  beeomaa ; 

To  a  Itxed  cost  of  i  et».  per  aq,  fd.  add  X  eta.  per  mite  of  haul. 

The  use  of  extra  wagona  Ih  particularly  desirable  When  a  smaller 
sang  than  6  men  Is  engaged  In  loading,  for  with  a  smaller  gang  the 
loat  team  time  would  be  correspondingly  greater  It  there  were  no 

Qravlty  Conveyor  for  Hsndilng  Brick  to  Pavers  From  Slock  Plies 
Without  Breskafls.*— Fig.  g  shows  a  simple  device  for  handling 
paving  brick  from  stock  piles  at  the  sides  at  the  atreet  to  pavcra 
which  has  been  ■uceesafully  used  by  Carlson  A  Theselius,  brick 
paving  contractora  Chicago.  ItL,  In  paving  work  In  Chicago  and 
other  weatern  citlea  The  uaual  method  of  handling  brick  ie  by 
wheelbaxrowa  The  barrowa  are  loaded  at  the  stock  piles  by  wheel- 
em,  wheeled  onto  the  street  and  dumped.  There  the  dunsped  brick 
are  arranged  ready  to  the  hand  of  the  pavers  by  pllera     For  say 

*BHp(iHeri)ij)^o«traetiH0,  April  II.  19«S. 
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threo  pavers  la^ns  I, EDO  aq.  yds.  per  day  there  will  be  required 
elsht  wheelers  and  four  pliers  to  handle  the  brick,  tn  addition  the 
loadlnK  and  dumping  of  the  brick  results  In  more  or  lew  break- 
nee^  W^ith  the  device  Illustrated  It  has  been  (ound  easily  possible  to 
^PPly  hrtckfl  to  three  pavers  laylns  1,B00  aq.  yds.  per  day  with 
only  four  men,  a  saving  of  eight  men  over  wheelbarrow  work. 

The  general  arrangement  of  the  device  on  the  work  Is  shown  by 
Fig.  S.  The  device  Is  merely  a  »et  of  conveying  rolla  Two  boards 
S  Ins.  wide  are  set  parallel  and  carry  between  them  a  train  of 
wood  Bpoola  The  axles  of  the  spools  extend  through  bushed  holes 
In  the  side  boards  and  have  removable  nuts  at  Che  ends,  which 
permit  oiling.  The  spools  are  spaced  so  as  to  have  e  clearance  of 
K  In.  They  are  ordinary  wooden  spoola  with  a  barrel  3%  Ins 
long  between  ahouldera  They  are  set  so  that  the  line  of  the 
shoulders  Is  Just  below  the  top  edges  of  the  side  boards:  this  per- 
mits a  steel  strap  guard  to  be  fastener!  to  the  top  edge  of  •wch 
tide  hnnrd  so  as  to  extend  Inward  over  the  shoulders  and  prevent 
dtrt  and  chips  from  lodging  tratween  the  ends  of  the  spools  and  the 
adjoining  aide  boarda  Below  the  Journals  the  side  boards  are 
thinned  down  so  as  to  permit  such  debris  to  fall  out  easily.  The 
whole  construction  Is  very  simple  and  forms,  as  hna  been  stated,  a 
train  of  rolls  which,  when  set  at  an  Incline,  will  allow  a  brick, 
when   set  edgewise  on  the  spools,  to  move  from  top  to  bottom  by 

The  conveyors  described  above  are  usually  made  In  IG-ft.  iongtha 
They  may,  of  course,  be  made  longer,  but  a  IG-ft.  length  is  easily 
carrle<t  by  one  man,  and  when  much  longer  conveyors  are  needed 
two  or  more  IS-fL  sections  can  be  coupled  end  to  end.  When  used 
on  the  street  the  ends  of  the  conveyors  near  the  sides  of  the  street 
are  supported  on  standards  extending  up  from  small  trucks  or  car- 
rlaites  which  travel  along  the  gutter.  This  method  of  support  can 
be  seen  in  the  illustration.  Two  conveyors  are  employed,  one  ei- 
tendingr  into  the  street  from  each  side.  The  inner  ends  of  the  two 
conveyors  meet  at  the  center  of  the  street  and  the  outer  ends  extend 
beyond  the  supporting  trucks  and  the  gutters  and  past  the  enda  ol 
the  stock  piles.  Just  back  of  the  trucks  there  is  a  hinge  In  each 
conveyor  which  permits  the  projecting  end  to  be  tilted  up  to  clear 
trees,  poles  or  other  obstructions  when  the  conveyors  are  shifted 
ahead.  The  Incline  given  the  conveyor  is  as  flat  as  may  be,  so  that 
the  brick  can  be  put  on  and  taken  off  the  conveyor  with  as  little 
lifting  as  posslbla  An  Incline  of  1  In.  to  1  ft.  Is  ample ;  in  fact 
It  has  been  much  Ratter  on  most  of  the  work  done  by  Messrs.  Carl- 
BOa  and  TbeseUlia    In  one  case  the  Incline  was  only  14  Ins.  In  Z4  ft 

The  method  of  operating  the  conveyors  is  quite  clearly  shown  by 
the  Illustration.  The  loaders  take  the  bricks  from  the  plies  and  set 
them  edge  up  and  endwise  on  the  spools  The  movement  of  the 
brick  is  then  by  gravity  down  the  conveyor.  In  putting  the  brick 
on  the  conveyor  the  loaders  take  care  tn  place  the  best  or  smooth 
edge  up.  so  that  when  the  pavers  take  them  oft  they  do  not  have 
to  turn  them   to  Ifaid  the  best  edge  to  come  on  top.     The  pavers 
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sraap  a  briclc  In  each  hand  and  place  both  at  once.  The  loaders 
take  care.  In  placing  the  brick  on  the  conveyora  to  keep  the  lupplr 
]uat  ahead  of  the  laying.  If  the  conveyor  Is  kept  tight  piicked 
with  brick  all  the  time,  they  bind  and  the  paver  haa  to  exert  more 
(orce  In  UCtlng  them,  which  reducea  h1«  speed. 

Aa  stated  above,  with  three  conve^ora  a  gang  of  seven  men, 
four  loadera  and  three  pavers,  will  lay  l.EOO  aq.  yda  of  paving  a 
day.  Thla  record  haa  t>een  frequently  made  by  the  contractora 
named  above.  Theae  contractors  have  patented  the  device  and  are 
putting  It  on  the  market.  They  will  fumlah  the™  conveyors  made 
UP  In  IS-fL  lengtha  or  longer  at  fZ  per  lineal. foot 

Coat  of  Laying  Brlcka.— Bricks  are  ordinarily  carried  In  wheel- 
barrows from  the  piles  along  the  curb  and  dump  on  the  fInlBhed 
pavement  behind  the  brlcklayera  The  average  wheelliarrcw  load  Is 
about  40  "pavers."  or  2T0  Iba,  and  la  seldom  more  than  45 
"pavers."  or  305  Iba  Such  loads  are  readily  wheeled  over  level  nin- 
waya  and  even  up  a  short  slope  of  1  In  7.  A  man  will  readily  load 
a  barrow  In  1%  mina.  nt  which  rate.  If  he  were  doing  nothing  else 
but  load  barrows  he  would  average  14,000  "pavers"  loaded  In 
10  hrs.  But  the  men  who  load  the  brloka  usually  wheel  tliem  to 
place  and  dump  them.  Where  the  distance  to  be  wheeled  Is  atMiut 
40  ft.  11  takes  about  S  mln.  to  go  and  return  plus  another  %  min. 
lost  In  dumping  the  barrow  and  In  brief  rests ;  so  that  a  day's  work 
Is  10.000  "pavara."  or  ITS  SQ.  yda.  loaded  and  wheeled  40  fu 

Two  men  wheeling  bricks  to  each  brlrklayer  Is  n  common  ratio, 
and  300  sq.  yds.  laid  per  day  by  a  bricklayer  Is  considered  a  big 
day's  work,  although  It  Is  frequently  exceeded.  This  would  require 
the  wheeling  of  ISO  sq.  yda  per  man  on  wheelbarrow. 

Foremen  are  often  very  careless  In  spacing  the  wagon  loada  of 
brick  along  Ihe  curb.  «o  that  there  arc  frequently  too  many  bricks 
at  one  part  of  the  street,  and  too  tew  it  another.  When  this  Is  ao. 
more  men  with  wheelbarrows  are  required  (o  deliver  the  bricka 

The  number  of  men  to  each  bricklayer  Is  ordinarily  about  as 
follows: 


'i 


bricklayer    t  2. .  _ 

men  wheeling  and  delivering  bricks l.GD 

man    spreading   sand    cushion 2.ZE 

man  ramming   l.TG 

men   grouting  Joints  with  cement J.flB 

man   raising  sunken    brick,   etc O.SS 


When  the  bricklayer,  who  really  "sets  the  pace."  lays  3B0  sq.  yd*. 
per  day,  the  cost  of  laying  and  grouting  Is  tl^.SO -^  300  =  4>Fi  eta. 
per  sq.  yd.,  to  which  ^  ct.  must  be  added  (or  foreman  and  watar 
iMy,  making  a  total  of  6  eta.  per  sq.  yd.  for  laying  the  brick. 
This  Is  a  cost  that  may  be  attained  under  good  management,  and 
with  skilled  men.  It  Is.  perhaps,  nearer  an  average  to  say  that 
tii  aq.  yda  per  day  are  commonly  laid  by  each  bricklayer,  making 
the  cost  o(  laying  6   eta   per  sq.   yd.,   axclualve  of   fonanan  and 
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waUr  tKi7,  or  t.t   cCs.   Incladlns  them,  (uwnmlnK  that  ft  (oTMiiaii 
•apervlBeB  about  SO  men,  and  that  wages  are  as  above  (Iven. 

Summary  o'  Cost  of  Brick  Pivament.— Baaed  upon  the  foresoins 
data,  we  may  nimmarixe  tha  coat  of  a  brick  iiavemenC  brlclCB  laid 
on  edge,  grouted  wltb  1  to  1  cemmt  mortar,  aa  followa : 


S5  "pavers."  at   116.00  per  M M.S25 

0.042  cv.  yd.  sand  for  cushioa  Hi  Ina.  thick,  at  11.00 «.0(l 

0.004  cu.   yd  sand  for  grouting  Joints  at  (1.00 0,004 

0.018  bbl.  cement  lor  grouting  Joints,  at  ll.G* 0.043 

Total   materials    fO.SlS 

Labor.- 

Hauling  brick   t  rolls    (S  +  S  eta) tO.OGO 

LaylnK  brick  and  grouting    O.DEO 

Total  labor    10.100 

Total  materials  and  labor  tl.OlS 

!/•  cu.  yd.  concrete  baae.  at  |3.S0 O.SOO 

'i  cu.  yd.  earth  excavation,  at  fO.IO 0.100 

Qrand    total    11.713 

The  above  costs  of  concrete  base  and  of  earth  excavation  are 
merdy  aasumed  for  Illustration,  the  details  of  those  classes  of 
work  belns  glyen  elsewhere. 

The  cost  of  fllllng  of  the  Joints  of  a  brick  pavement  Is  discussed 
In  detail  In  the  nest  paragTai)h. 

Cost  of  Filling  Joints  of  Brick  pavemsnt.-'To  determine  the  area 
of  brick  pavement  occupied  by  the  Jolnta,  refer  to  the  table  on 
page  359.  It  will  be  noted  there,  for  Uluatratlou,  that  IK  x  8H  x 
4-ln.  bricka  laid  on  edge  require  ET.Z  bricks  per  sq.  yd.  When  laid 
with  M-ln.  Joints,  or  01  bricks  If  It  were  possible  to  lay  them  so 
Cloaa  that  there  would  IM  oo  Jolata.  Hence  the  Joints  occupy  an 
area  equivalent  to  Bl.O  —  E7.2  =  S.g  bricks  per  sq.  yd.  But  3.8  -i- 
CI  ^1.1%,  which  1«  the  peroentage  of  area  occupied  by  Joints. 
Since  the  Joints  are  1  Ins.  deep,  each  sq.  yd.  of  pavement  contains 
1.1%  X  (4  -!-  te)  ~  0.007  cu.  yd.  of  grout  or  tar  used  to  All  the 
Joints.  If  cement  grout  la  used,  then  the  amount  of  sand  and 
cement  per  cu.  yd.  lor  any  q>ecl&ed  proportlona  Is  ascertained  by 
referring  to  Tables  I  and  11  In  the  Concrete  Section. 

Thu^  Table  I  shows  that  about  4  bbia  of  cement  and  O.E  eu.  yd. 
at  aand  are  required  per  cu.  yd.  of  1  to  1  mortar.  Hence  a  sq.  yd. 
of  brick  pavement  laid  with  pavers  will  require  O.ODT  x  4  bbIa  s 
O.tSI  bbL  cement,  and  O.OOT  X  0.1  cu.  yd.  =  0.0042  cu.  yd.  sand 

In  like  manner,  we  find  that  about  IK  bbIa  cement  and  O.S  cu. 
yd.  of  sand  are  required  per  cu.  yd.  of  1  to  3  mortar.  Hencc^ 
0.007  X  2%  =0.019  bbL  cement  will  be  required  to  grout  a  aq.  yd. 
la  brick ;    and  0.007  X  O.i  =  O.OOSO  cu.  yds  of  sand. 

IS  paving  blocks,  3^x8^x4  Ina,  are  laid  with  U-ln.  Joints,  It 
wtn  ba  seen  on  page  IS3  that  41. S  blocks  lay  a  sq.  yd,,  while  with- 
out Joints  It  would  require  U.9  blocks,  or  a  difference  of  2.4  blocks, 
which   Is   i.l%   ot   the  area.     Hence,   using  tbe   same  method  of 
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analysli  u  abova  Blven,  it  would  require  5.1%  X  (4 -^  3t)  =:  O.DOST 
cu.  yd.  of  KTOut  or  tar  to  fill  the  Joints.  Therefore  It  would  require 
0.02S  bbl.  cement  and  0.0034  cu.  yd.  rand  to  fill  the  Jolnta  at  a 
square  yard  of  block*  with  a  1  to  I  ktouI.  With  a  1  to  2  Krout.  It 
would  require  0.018  bbl.  cement  and  0.0040  cu.  yd.  aand  per  aq.  yd. 

If  EL  tar  or  pitch  nuer  Is  used,  the  m  xSUx4-ln.  "invert'  will 
require  O.OOT  cu.  yd.,  or  0.13  cu.  ft  of  tar  per  eq.  yd.  Since  there 
are  T^  enla  per  cu.  ft.,  this  la  equivalent  to  l.S  bbIh.  per  aq.  yd. 
Tar  la  usually  Bold  In  E2-gal.  barreU.  but  the  slie  of  the  bftrrel 
should  always  be  Bpecliled. 

If  Si4xgHx4-ln.  "blocks'  are  used,  O.OOGT  cu.  yd.,  or  O.IE 
cu.  ft,  or  1.1  gal.  of  tar  will  be  required  per  eq.  yd. 

Tar  hiiB  a  specltlc  gravity  of  1.25.  and  therefore  welshs  78  lbs. 
per  cu.  ft.,  or  a  iride  more  than  10  lbs.  per  gal. 

As  above  given,  the  labor  of  groulmK  Joints  of  "pavers."  In- 
cluding mlxlns  the  Portland  cement  and  sand  and  broomlnit  It  Into 
the  joints,  is  less  than  1  ct  per  sq.  yd.,  where  the  men  work  at  all 
vigorously,  but  even  this  Is  equivalent  to  tO.Ol  -r-  O.OOT  cu.  yd.  = 
tl.40  per  cu.  yd.  of  cement  grout,  and  Is,  therefore,  susceptible  of 
considerable  reduction,  as  will  be  seen  by  aubaequent  azamplea. 

The  labor  coat  of  meltlncr  and  pourtnt  tar  Into  Joints  U  usually 
about  1  ct  per  sal.,  when  wages  are  tl.TG  per  10  hrs. 

Number  and  Weight  of  Paving  Brick  Per  Square  Yard.— The  so- 
called  "standard  brick"  for  house  building  la  Ei^zgi&xt  ina, 
and  for  a  time  brick  for  paving  purposea  were  also  made  of  the 
same  dimenslona  Within  recent  years  the  stia  of  the  standard 
brick  for  paving  purposes  has  become  2V^xBUx4  Ina,  and  audi 
bricka  are  commonly  called  "pavers."  It  takes  Si  to  £7  of  these 
"pavers"  per  sg.  yd.  A  Idrger  alie,  3U  x  BK  x.4  Ina.  la  also  much 
used,  and  Is  known  as  "block. '  Some  varlallona  from  theae  dlmen- 
nlona  occur,  as  In  Hallwood  block,  which  Is  3x9x4  Ins. ;  and  as 
neither  the  engineer  nor  the  contractor  can  be  sure  of  the  exact 
aide  of  brick  that  will  be  delivered,  it  Is  always  neceenry  to  secure 
from  manufacturers  a  atatement  aa  to  the  sliea  they  make- 
When  Ihe  alzea  are  known  there  la  a  f.ictor  of  uncerlalnty  to  the 
inexperienced,  and  thai  [a  the  thickness  of  the  grouted  or  tarred 
Joints  between  bricks  ns  ordinarily  laid.  1  have  found  as  the  aver- 
age of  a  larjre  number  ol  measurements  that  the  thickness  of  the 
average  Joint  is  about  ^  in,,  unless  the  "pavers"  are  made  with 
projecting  lugs  to  give  a.  wider  Joint. 

The  following  table  gives  such  data  as  will  ordinarily  serve  in 
estimating  the  number  of  brick  that  will  be  required.  Brick  are 
occttslonally  laid  with  extremely  close  Joints  about  one-sixteenth 
Inch,  in  which  case  about  3%  more  "paver^'  laid  on  edge  will  be 
required  Ihan  given  In  the  table,  but  close  laying  Is  not  only  ex- 
pensive work  for  the  contractor,  but  objectionable  also  In  that  it  la 
then  ImiJoaaible  to  flII  the  Jolnta  perfectly. 

For  street  pavements  the  bricka  or  blocks  are  laid  on  edge  (tnak- 
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liiK  B.  brick  pELTeniMit  i  tiiB.  thick),  bnt  for  ildemlk*  thar  ar« 
luoally  laid  flatwise.  /  teKne  that  in  rvtidcnca  ttrtett  tike  brinks 
■hoHid  umallv  Bfl  laid  flattoite  for  true  econontv'a  aaka. 

No.  or  Brick  Per  Square  Yard. 
With  li-in.     No  AUoWBQce 
Slie    of    Brlclc  Joints.  for  Jolota. 

SUxSxl,   laid  natwlae   . 
lU  xSx4.  laid  edn    ' 


I  fla^rli 
z  4,  laid  edgewlBe  . 
X  4.  laid  flatwise  . . 
~  ',   laid   edKewlse   . 

, ._  _,    laid   flatwlBe    ,  . 

2x8^x4.  laid  edgewise    . 

-  "  -  4,  laid  flatwise 

,   laid   edgefflne    


j:«;!: 


of  the  bricks  muat  be  knoWD  to  estimate  total  cost  f.  o.  b.  can 
at  destlDatloD.  The  epecEflc  Bravlty  of  pavlnjc  brick  raoBes  from 
1.9  to  2.T.     Testa  of  12  Ohio  makes  show  a  ranB«  of  1.9G  to  i.Z6. 

AsiumlnK  a  specific  ffravltv  of  £.2,  a  square  yard  of  brick  pavers 
4  ins.  thick  would  weigh  3SE  Iba.,  and  a  square  foot  would  welgrh 
43  Iba,  as  laid  with  H-ln.  jolnla  Whence,  by  taking  from  the 
bidding  sheet  Che  number  of  quare  yards  of  pavement  and  multiply- 
ing by  385.  the  total  weight  Is  readily  ascertained ;  or,  for  aU 
Sracttoal  fmrpoaet,  divide  the  number  of  square  yarda  by  S,  and  the 
qnollent  toill  be  the  BumBer  of  ghort  (on*  of  freight. 

It  Is  convenient  to  remember  that  a  "paver"  (Z^iS^x4  Ina) 
weighs  about  S%  Iba  and  a  "block"  (3!4ic8Hx4  Ins.)  weighs 
8K  Iba  These  are  actual  averages  of  several  makes  of  New  York 
State  bricks  that  I  have  used. 

Cost  of  a  Brick  Pavement,  champaign.  111.— Mr.  Ctiarles  Apple 
gives  the  following  data  on  the  cost  of  a  brick  pavement  laid  In 
1S03  at  Champaign,  III.  The  work  was  done  by  contract,  the  con- 
tract price  for  grading  being  23  eta  per  cu.  yd.,  and  for  brick 
pavement  on  concrete  base,  tt.39  per  sq.  yd. 

The  grading  was  done  with  drag-scoop  scrapers,  wheel -scrapers 
and  wagons,  each  being  used  aa  demanded  by  the  length  of  hauL 
Earth  was  loosened  with  plows  lo  within  3  Ina  of  subgiade  and 
this  last  layer  then  removed  with  pick  and  shovel. 

The  cost  of  removing  the  last  i  ins,  was  2  eta  per  sq.  yd.  (or 
!4  ctB.  per  cu.  yd.)  with  lalKir  at  JI,T5  per  day  of  10  hra  There 
was  a  total  of  Z6.T1G  cu.  yda  of  grading,  and  there  were  38,604 
■q.  yda  of  pavement. 

The  subgrade  was  compacted  with  a  horse-roller  weighing  160 
lbs.  per  lln.  In.  at  an  average  cost  of  about  0.06  eta  per  sq.  yd. 

The  concrete  foundation  was  t  Ina  thick,  composed  of  1  pari 
natural  cement,  3  part*  of  sand  and  gravel,  and  3  parts  of  tnroken 
stone.  All  tbe  materials  were  mixed  with  shovels,  and  were 
ttirown  Into  plac*  from  the  board  upon  which  the  mixing  was  done. 
^is  mateaiai   was   brought  to   the   steel  mixing   board   In   wheel- 
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barrows  froni   piles  vnere   It  bad   been   placed   In   the  middle  of 
the  atreet,  the  length  of  haul  being  unialty  from  30  to  60  ft. 

WheD  the  concrete  base  had  set.  ■.  aand  cushion  1^  Ins.  thick 
waa  placed  upon  It,  ana  upon  this  the  brick  vearlnx  surtaoe  was 
laid. 

The  cost  ot  Uia  brick  wearing  surface  Is  glvan  Id  the  foUowIng 
table,  and  la  based  upon  the  assumption  that  1,000  psvlng  blocks 
will  lay  2B  sq.  yds.  of  pavement,  or  10  blocks  per  aq.  yd.  This 
ratio  waa  determined  by  actual  count  after  the  pavement  was  laid. 
To  this  coat  will  have  to  be  added  soroethlns  for  rejected  biickat 
the  amount  depending  upon  bow  cloaely  the  Inapectiou  la  done  at 
the  kilns. 

Cost  op  6-m.  CoNCBvra  Basi  fo*  PAVtuxtn. 


No.  ot     : 

a 

'■:.  \ 

Bq.yda 
per  day. 

8,000 

"Too 

Total 
wagea. 

t  4.7( 

12.  0 

ti 

is 

iTzloo 

IO.000E 

Ulxlng  and  tamplnff  concrete: 

Throwing  Into    place 

Handling   cement    

whSIISf  SiTei  ■:::::;::: 

10,0580 
-fO.D5SE 

to.)iao 

t0.3»SS 

Total  labor  per  eg.  yd.. 
Material*; 

0.1  bbl.   cement,   at   lO.BO... 
0.1  cu.  yd.  sand  and  gravel. 
0.1  cu.  yd.  broken  stone,  at 

Total  for  material  and 

atVl'.OO: 

... 10.10 

■  ■  Hit 

labor  per 

■q.  yd.. 

Thia  Is  practically  40  cts.  per  eq.  yd.,  or  fl.10  per  cu.  yd.  of 
concrete  for  materials  and  tabor.  It  will  be  noted  that  the  labor 
coat  o(  making  and  placing  the  concrete  waa  only  tS  eta.  per  eu. 
yd-i  average  wagea  being  nearly  |1.8E  a  day.  Excluding  the  tore- 
man,  the  JS  men  placed  900  sq.  yda  or  160  cu,  yds.  per  day,  which 
la  nearly  t  cu,  yds,  per  man,  ThIa  record  la  ao  abnormally  hl^ 
that  I  am  satisfied  the  concrete  did  not  measure  S  Ina  thick,  aa 
stated  br  Hr.  Apple.  Certainly  0,2  cu,  yd.  of  stone  and  sand  com- 
bined could  not  make  a  aq.  yd.  of  6-ln.  concrete.  It  Is  more  than 
likely  that  the  compacted  concrete  actually  did  not  measure  much 
more  than  4  Ina  thick. 

The  cost  ot  hauling  and  laying  the  brick  blocks  (40  per  w).  yd.) 

BauUng  Brick:  Per  i«.  yd. 

0,01     day  labor  loading  wagons  from  car,  at  |1,T5 (0  017S 

a,Ot    day  team  hauling.  1  mile  at  13.00 0,0140 

0.aO(  day  labor  unloacRng  at  curb  line  at  tl.TG 0.0140 


Total,   hauling  brick   tO.OfiiS 
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Lajrimg  Briek: 

t.ODlS  day  labor,    BpreadlnK  aand  cuBhlon,  at   tl.TS tO.WtT 

f.OOSt  day  wheellns  brick  to  larers.  at  ti-!6 O.OllE 

0.0033  day  bricklayer,   at  t^SD O.OORR 

t.0DZ2  day  labor.    awceplDK    and     flUlnK    }olnta    vith     mnd, 

at    tl.TB    D.0039 

O.DOlt  day  team  rolling  mvement,  at  tt.OO O.eosT 

Total.    layluB    brick 10.0131 

Qnnd  total,   labor,   bauUns  and  laying tO.OSSa 

MlaleriaU: 

0.0277  CD.  yd.  sand   cuatilon   (1  In.),  at  tl.OO tO.027T 

ID  brick  block  (.  a  b.  destination,  at  111.00  per  U O.8400 

t.OOtt  cu.  yd.   (and  flUer,  at  tlOO D.O023 

Total   ii>ateriB)>    10.6700 

The  follovInK  is  a  summary  of  the  forecolns: 

0.4S5  CO.  yd.  Kradlng,    at    »O.SJ 10.1000 

•.1ST  CU.  yd.  concrete  base  O.gOSS 

Kick  and  sand  cushion O.STOO 

Haullns  brick    O.OGEK 

I^yteS    brick    O.OSSl 

Qi-and   total    |t.2S71 

The  contract  price  was  (1.29.     Not«  that  the  Joints  were  filled 
irlth  Band  and  not  wEth  irout. 
It  will  be  Been  that  each  man  loading  blocks  from  car  to  wagon 

averaged  100  an.  yda,  or  4,000  blocks,  per  10-hr.  day;  and  that 
each  man  iinloHdIng  wagons  averaged  12E  eq.  yds.,  or  B.OOO  blocks 
per  day.  Each  bricklayer  averaged  300  sq.  yds.  and  sach  man 
wheeling  bricks  to  the  layer  averaged  ISO  sQ.  yda 

Cost  sf  80,000  Square  Yards  of  Brick  Pavement,  Iowa.— The  fol- 
lowing la  quoted  from  Enefneertng-CoHtracttng,  June  IS,  1009. 
Daring  lOOG  and  1908,  a  large  amount  of  brick  paving  and  cement 
curb  was  tmllt  at  Centervllle,  la.,  by  contract.  Hr.  H.  Q.  Hall 
required  the  Inspectors  to  keep  a  careful  force  account  of  the  work 
done,  and  the  following  data  are  a  nnmnary  of  tho  records  thus 
cathend. 

Purington  paving  bricks  were  laid  on  a  concrete  base,  with  a 
IH-ln.  sand  cushion  between.  The  Joints  were  OUed  with  a  1:1 
conont  grout.  Bxpanslon  Joints  of  asphalt  tiller  ware  provided 
from  curb  to  curb,  every  BO  ft.,  and  along  each  curb.  Tha  fol- 
lowing costs  do  not  Include  grading. 

The  concrete  baae  was  a  1 :  3^  :  B  mixture  and  It  wat  machine 
tnlxed.  There  appears  to  have  been  a  serious  error  made  either 
In  recording  or  Id  calculating  the  amounts  of  cement,  tend  and 
broken  stona  used,  for,  as  will  be  seen  below.  Hr.  Hall's  data 
ahow  about  two-thirds  as  much  of  each  of  these  materials  per 
cable  yard  as  are  required  by  a  1 :  3H  :  8  mlvture.  Ur.  Hail's  data 
were  origfnally  published  In  "Engineering  News"  April  2,  1908, 
and  were  not  there  analysed  as  we  have  analyied  them  below, 
which  probably  account*  for  his  fallnre  to  discover  the  discrep- 
ancy.   This  empbaxiaea  the  Importance  of  uBlng  the  cubic  yard  as 
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tha  unit  In  checking  up  costs  ot  concrete.  Instead  of  relrtng  solety 
upon  the  nqusre  yanl 

Our  analyslB  of  the  cost  of  the  E-ln.  concrete  base,  tor  three  Jobs 
aKKregatlnK  68,000  aq.  yds.,   ahowa  the  follOWbiK; 

Ct«.  per  sq.  yd. 

Sand  wheelers,  at  to  eta.  per  hr. li.S4 

Concrete  wagonB,  at  40  cts.  per  hr. 8.41 

Hen  on  mixer,  at  ii%  cts.  per  hr. 6.IS 

Spreaders,  at  ESU   cts.  per  far 6.4T 

Tampers,   at  2Q   cts.   per  hr. 1.9S 

Water  boj',  at  10  cts.  per  hr, 0.T3 

Sxtra  men.  at  HO  cts.  per  hr. 1.9S 

Foreman,   at  SO  eta.   per  hr l.St 

Coal  for  mixer,  at  f  2.G0  per  ton l.GS 

Total    labor ».g4 

This  la  practically  40  eta.  per  cu.  yd.,  eiclualve  of  Interest  de- 
preciation and  repairs  on  mixer.  SlDce  the  concrete  wae  E  ins. 
thick,  divide  any  of  the  above  Items  by  T.2  to  set  the  coat  per 
square  yard. 

According  to  Hr.  Hall's  recorda.  the  cost  of  materials  was  aa 
follows^  when  reduced  to  tbe  cubic  yard  basis: 

Per  cu.  yd. 

0.G6  bbl.  cement,  at  %iM 11.11 

0.40  ton  sand,  at  (0.70 0.21 

O.Gi  cu.  yd.   atone,  at   fl.SO 0.62 

HaullDK  cement    0.02 

Baulinf  sand     0.14 

Hanllns  stone    0.20 

Total    materials    12.47 

The  sand  weighed  2,700  lbs.  per  cu.  yd.,  and  the  stone  weighed 
2,S28   lbs.  per  cu.  yd. 

Since  the  materials  would  have  to  be  about  ED  per  oent  mor» 
than  above  stven  to  make  a  oublo  yard  of  concrete  ttunped  la 
place,  there  Ib  evtdeatly  an  error,  and  the  cost  of  materials,  at  the 
unit  prices  given,  would  be  about  IS.TO  per  cu.  yd..  Instead  of  12.47. 
The  coat  ot  laying  EB.OOO  sq.  yds:  ot  brick  pavement  was  aa 
totlowa : 

Cts.  per  sq.  yd; 

Brick  wheelers,  at  10  ot&  per  hr. l.Gl 

Bricklayers,  at  tSU  eta:  per  br. 0.8S 

Hen  spreadhiK  aand,  at  22  U  cts.  per  hr l.OS 

Water  boy,  at  10  cis.  per  ax 0.15 

Other  men.  at  30  cts.  per  hr. O.St 

Foreman,  at  80  eta.  per  hr. 0.41 

Total    4,>T 

Br  dividing  the  square  yard  coat  of  any  Item  Into  tbe  correapoitd- 
Ins  rate  ot  wages,  the  number  ot  square  yards  per  hour  Is  obtained. 
Thtw  each  bricklayer  laid  21.G  +  0.S8  =  2G.8  sq.  yds.  per  hr,,  or  1G< 
sq.  yds.  per  day.  Since  there  were  S3  bricks  per  aq.  yd.,  this  la 
equivalent  to  ll.Ges  bricks  per  bricklayer,  whlob  la  an  excellent 
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Od    anolhar    Job,    wbere    18,300    K].  yds.    were    laid,    thft   coat  «t 
IbtIhk  Wbb  aa  lolIowB: 

CtB.  per  aq.  ji. 

Brick  wheelera,   at  20  cts. Ltt 

Bricklayers,    at    Z&    cts. 4.TB 

Brick  handlers,   at  80  cU. O.SI 

Hen   spreEulInK  aand,   at   SG    eta O.TI 

Hen  wtieellng  «and.  at  ID  cts. 0.04 

Patchera,    at    80    cts. O.SI 

Water  bay,  at   10  eta, O.IB 

I,  at  20  eta. 0.21 


Total      3.?0 

'  Here  each  bricklayer  averag«d  130  sq.  yda  per  lO-hr.  day:  and, 
aa  tbere  were  ES  brlcka  per  aq.  yd.,  this  Is  equivalent  to  18,480 
brick*  per  bricklayer  per  day.  Ttiere  wm«  a  c»r  track  down  tbe 
canter  of  this  etreet. 

The  coat  of  the  brlcka  ranged  from  Tfl^  to  80  eta,  per  aq.  yd.,  tha 
followlDB  belnK  a.  fairly  typical  coat  of  tbe  materlala  and  labor : 

ES  brieks,  at  tl5  per  U. tO.StO 

Hauling  bricks   O.OSG 

Sand  for  IH  In.  aand  cushion,  at  SO  eta  per  cu.  yd. 
delivered     0.04 1 

Total  materlftlB    tO.ST8 

Labor  laylnx  brick,  aa  above  detailed O.OGO 

Total tO.»S« 

The  Joints  were  filled  with  a  1 : 1  cement  xrout,  the  coat  of  which 
waa  as  follows  for  es,000  sq.  yda. ; 

eta;  per  sq.  yd, 

SereenlnK  aand,  at  20  cts.  per  hr O.OB 

TMy  mixers,  at  SiU   cts.  per  hr O.IS 

Wet  mixers,  at  to  ctK  per  br 0.2O 

Rubbers,  at  20  cts.  per  hr 0.43 

Whaalera;  at  SO  eta.  per  hr. O.H 

OOier  men,  at  SO  eta  per  hr. O.Ot 

Water  boy,  at  10  eta  per  hr. 0.04 

Foranan,  at  40  cts.  per  hr. 0.14 

Total   labor    1.17 

0.01T  bbl.  cement,  at   12.00 t.40 

0.9J4  ton   aand,   at  »1.0B 0.3B 

Orand  total    4.92 

On  tbe  20,300  sq.  yd.  Job  the  labor  of  groutlns  was  only  0.9  eta. 
par  sq.  yd. 

The  coat  of  th«  eipanslon  Jotnta   (crvery  GO  ft  and  alons  each 
«urb)  was  oa  (oUowa  par  aq.  yd.  of  pavamant : 

eta.  par  aq.  yd. 

Labor,  at  30  cU  per  hr. 0.88 

Hteh.  at  84.80  per  bbl OS* 

Total    1-31 
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SummlnB  up  we  hare: 

Concrete,    labor    tO.Ot 

Concrete  materials   (too   low) 0.14 

Bricklaying,    labor    g.OG 

Brick    and    Hand    cushion 0.S8 

Groue,    labor    0.01 

Orout,    material!    0.04 

BxpansloD  Joints,  labor  and  materials O.OI 

Grand   total    tl-tO 

For  costs  of  cement  curb  on  this  Job,  sae  page  U9. 
Coat  of  Laying  Brick  Psvement,  Gary,  lnd>*— Hr.  B.  M.  Bcheflon 
Slvea  the  loUowlng.  In  1908,  Madison  street  was  paved  by  con- 
tract for  B,B0O  ft  long  by  IB  (t.  Wide.  The  brick  pavement  was  Uld 
On  a  natural  sand  base,  and  grouted  with  cement.  Common  labor' 
ers  r«c«lved  |2  per  10  hrs.  The  labor  cost  of  laylnc  the  brick,  not 
Including  the  coat  of  baullng  the  brick  to  the  atreet,  waa  as 
follows : 

Per  sq.  yd 

0.002GS  day  labor,  preparing  aubgrade,  at  $2.00 tO.DOGI 

0.0194     day  labor,  carrying  bricks,  at  12.00 0.03SS 

0.0031B  day  bricklayers,    at    13.60 0.O112 

O.OO02     day  team,    rolling,    at   IG.GD 0.0011 

0.0030     day  labor,  grouting,  at  (2.00 O.OOTl 

Total  labor,    16,800   bq.    yds. I0.0B34 

It  Will  be  noted  that  there  were  B  men  carrying  brick  to  each 
bricklayer,  and  that  each  bricklayer  laid  (tS.EO ->- tOOllZ)  Bll  ag. 
yda  per  day.  This  Is  an  excellent  output  tor  the  brlcklaysrs,  Init  a 
very  poor  showing  for  the  men  who  delivered  the  brlek,  apparently 
due  to  the  tact  that  they  did  not  use  wheelbarrows. 

cost  of  Laying  Bricks,  New  York  State.— On  one  Job,  10,000 
"paverrf"  were  laid  per  day  by  the  gang  of  4  bricklayers  and  10 
men,  or  132  an.  yda  per  bricklayer.  The  management  was  fairly 
good,  but  the  bricklayers  worked  with  no  energy.  The  other  men 
worked  welL 

Par  sq.  yd. 

4  pavers,  at  15  cts.  per  hr.,  each I.f 

t  laborers  wheeling,  at  IG  cts.  per  hr O.B 

1  laborer  ^ireadlng  Band,  at  16  cti,  per  hr. 0.3 

t  laborers  grouting,  at  15  eta  per  hr 0.9 

5  laborers  ramming,  at  IE  cts.  per  hr O.B 

1  laborer  raising  sunken  brick,  at  16  eta  per  hr 0.1 

1  foreman,  at  30  cts.   per  hr. i.t 

Total     6.3 

Bricks  Laid  Par  Day  Per  Man,  Jackaon,  Mich,— In  paving  a  street 
with  shale  brick,  at  Jackson,  Utch.,  In  IB9G.  there  were  about 
t00,0<K>  bricks  used  for  S,5D0  sq.  yds.,  or  GT.l  bricks  per  sq.  yd. 
The  bricks  were  2f4z4KxB  Ina,  with  rounded  comers.  On  a 
street  41  ft-  wide,  B  bricklayers,  supplied  with  brick  by  htipera, 
laid  70,001)  bricks  In  B  hra  or  11,086  bricks,  or  104  aq.  yds.,  per 

'EnfftKwHne-Contracling,  Oct.  14,  1908. 
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bricklftrer.  The  ordinary  avsrace,  however,  was  7,000  biicka.  or 
oolr  113  aq.  yd&.  per  brtcUayer  per  day.  Note  thai  Uie  Bvera«e 
day's  output  was  only  about  tiro-thlrdB  tbe  belt  day's  output.  It 
Is  evident  that  these  bricklayers  did  not  exert  themaelvs,  for  even 
their  beet  day's  record  of  lOi  sq.  yds  per  layer  per  day  lacks  G0% 
of  being  as  larxe  a  day's  work  as  U  recorded  elsewhere  In  tlila 
book. 

Twelve  boys  Oiled  the  Joints  with  tar.  To  do  this  a  cone-ahai>ed 
pourlns  can  *^>  used.  There  was  a  stopper  hi  the  point  of  the 
cone,  cDDtrolled  by  a  rod  leading  to  the  hand  of  the  workman. 

Cost  of  a  Brlek  Pavement  In  Mrnnaapolls.~-Ur.  Irving  E.  Howe 
gives  the  following  data  on  laying  11,000  sq.  yds.  of  brick  pave- 
ment in  1897.  The  work  was  not  done  by  contract,  but  by  day 
labor.  BIx  weeks  were  required  with  a  force  of  about  85  men. 
An  old  cedar  block  pavement  on  a  plank  foundation  had  to  be  re- 
moved, and  the  street  graded.  The  sul^trade  was  rolled  with  a 
7-ton  horae  roller.  A  6-tn.  concrete  foundation  was  Chen  laid.  In 
proportion  of  1  natural  cement,  i  sand,  G  broken  stone.  There 
were  required  l.lfl  bbls.  of  natural  cement  per  cu.  yd.  of  concrete, 
at  It  cts.  per  bbL  The  stone  cost  (1.15  eta  per  cu.  yd.  delivered, 
and  tlie  sand  cost  10  cts.  per  cu.  yd.  delivered.  The  total  cost  ot 
the  concrete  laid  was  12.80  per  cu.  yd.  X-aboreri  mixing  received 
tl.IB  per  day.  The  Purlngton  Paving  Brick  Co.,  of  Oalesburg,  IlL, 
furnished  19S  car  loads  of  brick.  2U](4xS.ln.  sin.  guaranteed 
lo  lay  Et  to  the  sq.  yd.,  costing  the  city  IIG.SO  per  U.  or  BT  cla 
per  sq.  yd.  on  the  cars  at  Minneapolis  The  manufacturers  guar- 
anteed the  bricks  for  ten  years  A  1-ln.  sand  cushion  was  laid  on 
the  concrete.  To  secure  a  perfect  crown  1-ln.  strips  ot  wood  were 
nailed  tO  the  concrete  every  12  ft.,  froin  curb  to  curb.  An  Iron 
shod  straight  edge  or  scraper  was  placed  on  these  strips  and 
dragged  across  the  street  to  bring  the  sand  cudilon  to  a  perfect 
surface.  Then  one  of  the  wood  strips  was  pulled  up  and  moved 
ahead.  After  a  block  of  bricks  had  been  laid,  they  were  roiled 
with  a  roller,  broken  bricks  replaced,  and  the  joints  grouted  under 
a  special  contract  ot  17H  ctK  per  sQ.  yd.  for  the  grouting.  Bx- 
ctuiive  ot  this  grouthig  the  actual  cost  per  square  yard  was  as 

Per  sq.  yd. 

RemovlnK  old   cedar  paving tO.OSE 

Oradliw     0.032 

Concrete,   natural  cement.  •  ins.  thick 0.407 

Planking  over  concrete,  lumber,  etc O.OOS 

GO  bricks,  at   tlS-EG  per  H 0.870 

Hauling    brick    0.038 

Sand  cushion,   1-ln..  at  SG  cts.  cu.  yd. O.OtB 

Laying    brick    0.082 

Total  per  sq.  yd.   (not  Including  grout) tl.SOO 

The  pavers  received  |2   a  day,   laborers  fl.TG.  teams  tS.GO.     It 
will  be  aottced  that  the  hauling  cost  ISH   cts.  per  H  ot  bricks. 
Cost   of   •    Brick   Pavement,    Memphis,   T«nn^-Hr.   Nlles  Meri- 
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wether  slvea  the  (oIlowlnK  data  on  the  con  of  I.tOO  eq.  rds.  of  brick 
pavementa  laid  by  day  labor   (probably  colored)   In  1891: 

Concrete   base   (S-in.J;  Per  aq,  yd. 

Natural  cement,  at  tO.T4  per  bbl t0.19U 

Sand,  at  11.26  per  cu.  yd 0.07  44 

Broken  stone,  at  ll.ST  per  cu.  yd O.SBtS 

Labor  hauling  stone  and   making  concrete O.isf! 

Total   concrete    fo.gg 

Sand    cushion    0  07 

-~    saving  bricks,  at   tlB.20  per  H 1.13 


2   pavl: 
-26    bb 


_  _j    bbl.    pitch,    at    $5.25.. 

Sand  used  in   pitching 0.01 

Labor  paving  and  pitching O.IG 

Total     12.35 

arading  and  removing  old  material 0.23 

Grand   total    |2.G8 

The  coat  of  curbs  distributed  over  the  pavement  added  10  ctB. 
more  per  sq,  yd.  Common  laborers  were  usc3  to  lay  the  brides,  at 
tl.25  to  11,60  per  day  of  8  hrs.  The  mortar  for  concrete  waa 
mixed  1 :  2.  and  enough  mortar  used  to  All  the  voids  In  the  stone. 
It  took  1.34  bbls.  of  Louisville  cement  per  cubic  yard  of  concrete. 
On  three  other  Jobs  of  about  the  same  slie,  the  costs  were  prac- 
tically the  same  as  atrave.  On  one  street  Hallwood  blocks  were 
used,  requiring  SO  blocks  per  sq,  yd.,  and  1  bbl.  of  pitch  for  ev'ery 
16  8q.  yda  On  one  Job.  where  Virginia  paving  bricks  were  used 
SO  bricks  were  required  per  sq.  yd.,  and  the  labor  cost  of  huring  the 
brick  and  pitching  the  Joints  was  11  cla  per  aq.  yd. 

tt  will  be  noted  tliat  the  cost  of  materials  was  unusually  high, 
and  that  the  lalior  was  not  efficient. 

Cost  of  BrJck  Psvament,  Baltimore,  Md. — In  BtttrfMcerlKfr-Coo- 
IracUng,  Aug.  18.  19D9,  was  published  an  article  giving  the  costs 
«f  various  kinds  of  pavements  laid  In  1K08  by  forces  In  the  employ 
of  the  city  of  Baltlmora  I  give  the  following  excerpts  merely  to 
show  the  enormously  high  costs  that  Invariably  occur  when  such 
work  Is  done  by  city  day  labor  Instead  of  by  contract. 

In  laying  one  brick  pavement  the  labor  of  mixing  and  placing 
the  6'ln.  concrete  base  was  tO.ilT  per  sq.  yd,,  or  tl.30  per  cu.  yd. 
Of  concrete.  It  never  costs  a  capable  contractor  more  than  half 
this,  even  when  he  does  not  use  a  concrete  mixer,  Euid  I  have 
known  many  contractors  to  mix  and  lay  concrete  for  E  eta  per  sq. 
yd.,  6  ina  thlclc  or  30  cts.  per  cu.  yd.,  when  a  machine  mixer  waa 
used,  as  recorded  subsequently  In  this  book. 

In  laying  the  bricks  for  this  same  street,  the  labor  cost  tO.H) 
per  sq.  yd.  This  does  not  Include  10.091  per  M-  yd.  for  hauling  tho 
brick.  Brick  blocks  were  Used,  averaging  about  40  per  sq.  yd., 
and  costing  $26  per  H,  or  fl.OO  per  Sq.  yd. 

On  another  street  (8,400  sq,  yda)  the  "vitrified  brlclt  paving, 
labor  and  material^'  cost  |1.S6  per  aq.  yd.  Since  brick  coat  fl  per 
i«.  yd.  and  t)aving  sand  coat  fO.OB  per  cu.  yd..  It  is  evident  that 
the  lal>or  Item  of  laying  the  brick  was  even  greater  than  on  the 
Qther  street  above  given.    The  I1.G8  Aoes  not  Induda  the  9-ta.  ood- 
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cret«  base,  which  coat  fO.flTI  per  sq.  yd.,  nor  the  excavation,  which 
oo«  tO.099  per  aq.  yd. 

A^oM  ai  bad  an  szample  of  the  IneSlclency  of  the  day  labor 
•ystem  la  given  In  the  next  pamsraph. 

Coat  of  Removing,  Chipping  Off  Tar  and  Relaying  Brick. — It  la 
freqoently  deefrable  to  know  what  the  cost  will  be  of  taklns  up, 
cleaning  old  brick  and  relaying.  A  ^ang  of  men,  woAins  leleurely. 
"Iiy  the  day  for  the  dty,"  accompliehed  the  tallowlns  In  Rocheater. 
N.  T.  Each  laborer  chipped  the  tar  oft  GOO  to  TOO  brlcka  la  elKht 
hours.  BeplacbiK  a  atrip  of  pavement  4  ft.  wide  over  a  aewer  re- 
rratred  a  gang  of  17  men,  employed  aa  foUowa.  after  the  pavement 
bad  been  removed  and  concrete  relald : 

Wages  for  Coat  per 

8  bra.  aq.  yd. 

t  men  toothing  or  chipping  out  bats t  4.50  tO.OS 

•  pavers    16,00  .SB 

1  men    furnlahlng    brick 1.00  .OS 

2  men    ramming,    etc i.OO  .OE 

4  men  melting  and  pouring  tar t.OO  .10 

Total      131. GO  tO.GS 

The  Bverago  per  S-hr.  day  by  the  above  gang  waa  flO  aq,  yda,  the 
best  days  work  l>elng   70   aq.   yda 

It  aeema  almost  Incredible  that  the  cost  of  auch  repaying  waa 
B3  eta.  a  sq.  yd.,  but  It  welt  lllustratea  the  Inefficiency  of  day 
labor  for  a  city. 

Coat  of  Chipping  Tar  OR  Brlcka.— When  a  brick  pavement  with 
tar  Joints  Is  taken  up,  the  tar  must  be  chipped  off  the  old  bricks 
before  re-laying  them.  This  la  usually  done  with  a  hatchet,  after 
cooling  the  brlcka  In  a  bucket  or  tub  of  water.  As  an  average  of 
a  good  many  thousand  brick  thus  cleaned.  I  found  that  one  laborer, 
working  deliberately,  could  be  counted  upon  to  clean  SO  bricks  per 
hour.  With  wages  at  IB  eta  per  hr.,  this  Is  equivalent  to  la.BO  per 
K  for  cleaning  the  brlcka 

Coat  of  Removing  and  Replacing  ■  Brick  Pavement — Hr.  C.  D. 
Barstow  gives  [he  following  relative  to  removing  a  atrip  of  brick 
pavement  3  ft  wide  and  3T3  ft  long,  preparatory  to  digging  a 
trench.  The  pavement  was  laid  on  a  concrete  baae  1>A  Ina  thick. 
The  laborers  were  negroea.  and  the  work  was  done  In  1892  In  a 
Southern  city.  Laborers  received  tl-2G  per  10  hra.,  and  white 
foteman  received  tl.    The  cost  was  as  follows  per  >q.  yd. : 

Bemoving  ftrtcfc  and  conerett;  Cts.  per  oq.  yd. 

Laborer,    at    11. 2S T.O 

Foreman,    at    13.00 l.t 

Total     8,a 

Betai/ing  concrete; 

laborer,    at    |1.2B T.9 

BelavlHH   brick; 

Laborer,    at    J1.2B it 

Bricklayers,   at  |2,00 6.S 

Bricklayers'    helpers,    |1,75 2.8 

Total    relaying    brick 13.8 


Itaierialai 
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brick,   at   I«   eta 

yd.   sand,   at   tl.OO 


0.16  bbl.  < 

Total   materialB    Gl.O 

Summarj/; 

RamovlnK   brick   and    concrete S.2 

Relaying   concrete    7.S 

Relaying    brick     1S.8 

Uaterlali     6!.0 

Qrand   total   B0.9 

CMt  of  Laying  *  Stona  Block  pavement,  St.  Paul.*— While  pw)- 
Ite  block  pavement  le  much  less  popular  now  than  It  was  a  (ew 
yeora  ago.  It  la  not  likely  that  stone  block  pavementa  will  dlaap- 
pear  from  use  entirely  for  many  years  to  come.  Thia  ia  particu- 
larly true  of  eltiea  where  nandBlone  of  Good  quality  la  available  for 
pavementa  The  Medina  aondatone  of  centra!  New  York  la  a  Joatly 
popular  pavement  for  buelnesa  atreeta  ThLa  aandatone  ia  extremely 
dense  and  touKli,  having  been  partly  metamorphosed  until  It  li 
almost  a  quartzite.  A  very  almtlar  Eiandstone  Ih  found  In  Minne- 
BOta  and  la  extensively  used  In   St.   Paul  and  Mlnneapolia 

Neither  the  Medina  aandatone  nor  the  Minnesota  aandatone  Is 
open  to  the  objection  that  may  be  raised  against  granite  or  trap 
rock  blocks  on  the  score  of  allpperlnesa.  Both  gnuilte  and  trap 
rock  wear  amooth  and  glasay  under  trafflc.  and  the  comera  of  the 
blocks  become  rounded.  But  the  aandatones  Just  mentioned  always 
remain  giltty  and  never  wear  amooth,  nor  do  the  comers  of  blocks 
become  rounded.  In  fact,  when  the  Jointa  are  Oiled  with  Portland 
cement  grout,  a  good  aandatone  pavement  appeara  like  one  block 
of  solid  stone  after  it  has  been  In  use  a  while ;  yet  it  otters  an 
excellent  foothold  for  horaea  in  spite  of  the  apparent  absence  of 
Jointa  These  facts  are  stated  In  Justincatlon  of  an  article  on  a 
class  of  pavement  which  has  been  calk'd  out  of  dale^  It  Is  alto- 
gether likely  that  New  York  City  itself,  which  has  tried  and  la  still 
trying  bo  many  experiments  with  paving'  materials,  will  some  day 
give  Medina  sandstone  the  trial  that  it  deaervea  as  a  pavement  for 
ln>avy  traffic. 

On  th«  steep  Btreets  of  Tacoma.  Waali..  Bandatone  block  pave- 
ments are  being  laid,  but  the  aandatone  doea  not  appear  to  Im  of  aa 
good  a.  quality  as  Medina  sandstone.  Nevertheless  It  aeems  worth 
a  trial,  for  asphalt  Is  too  slippery  tor  aueh  sleep  grades  aa  are  en- 
countered in    certain  of  the  Tacoma  streets. 

Whatever  may  be  the  ultimate  history  of  atone  block  pavements 
It  Is  evident  that  many  city  engineers  and  contractors  will  have 
to  estimate  the  cost  of  laying  such  pavements,  and  for  their 
beneUt  the  following  data  are  offered : 

Tn  the  work  to  be  described  &  base  of  Portland  cement  concrets 

'EtifftiMeriiSB-CoMractliiii,  Oct  S.  1J06. 
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(1 :  t:  <>  wa*  laid  Id  the  unial  manaer.  and  a 
over  th«  concrete.  The  aandBtone  blocka  we 
anil  toaiMl  out  Into  tha  Mrset,  Inste&d  at  being  piled  on  the  Blde- 
walk  alone  the  curb,  aa  la  often  done.  A  considerable  BaTlng  In 
the  coat  of  laylns  la  effected  by  ttirowlnK  the  atone  blocka  upon  the 
concrele  In  advance  of  the  pavlns  sans.  and  a  aomewhat  larger 
•avlng  would  be  poaalble  If  dumii  wagona  were  used.  If  the  atreet 
la  about  40  (t.  wide,  the  atone  blocks  are  preferably  piled  In  four 
Ions  pllea  parallel  with  the  curbs,  as  shown  !n  Flgr.  B.  No  attempt 
Is  mado  to  stack  the  blocka  up  regularly,  but  they  are  merely 
tosaed  out  of  the  wagons.  A  space  Is  left  between  the  piles  so  that 
slrtngs  can  ba  stretched  to  guide  the  pavera  In  laying  the  blocka 

To  Ininire  laying  the  paimment  with  the  proper  crown,  three  aight 
rods  were  made.  Two  of  them  were  like  T  aguarea,  made  Of  a 
wooden  leg  U  x  2  Ina.  wllh  a  crossplece  at  the  tap.  "Hie  other 
alght  rod  was  made  ao  aa  to  teleacope.  aa  shown  In  Fig.  10.  and  had 
a  leg  about  1  In.  aquare  that  was  provided  with  a  groove  on  one 
Bide  for  a  distance  Z  ft.  below  the  croBshead.  In  thla  groove  a  I-fL 
rule  waa  set.  thus  countersinking  the  rule  so  that  Ita  face  vas  flush 
with  the  face  of  the  leg.  When  thla  alehl  rod  ia  extended  so  that 
the  upper  half  of  the  !-ft  rule  la  rlalble,  the  length  of  the  rod  is 
1  ft,  which  Is  precisely  the  length  of  each  of  the  other  two  sight 
roda  Before  using  the  rods,  a  red  or  blue  chalk  line  la  struck 
with  a  chalked  string  on  the  face  of  each  curb  exactly  at  the  fln- 
Uied  grade  of  the  pavement.  Then  at  Intervals  along  the  curba, 
paving  blocks;  B,.  Bi.  Bg  and  Bio.  are  temporarily  set  ao  that  their 
upper  Cacea  are  at  grade.  A  alght  rod  Is  then  held  on  each  of 
the  blocks.  Bi  and  Bi,  at  each  curb,  and  the  telescopic  sight  rod  la 
held  on  a  block.  Bi.  one-quarter  of  the  distance  acroaa  the  atreet, 
aa  ahown  In  Fig.  10.  The  telescopic  leg  of  this  sight  rod  Is  lowered 
mou^  to  give  the  drop  that  securea  the  exact  crown  to  the  pave- 
ment ahown  in  the  specined  crosa-aectlon.  and  the  rod  |e  clampad 
with  the  thumb  screw.  The  paving  block,  B|.  is  than  raised  or  low- 
ered until  the  tops  of  the  three  sight  roda  are  exactly  on  line. 
Th«i  paving  blocka  Bi  and  Bi.  are  likewise  put  on  grade;  strings 
are  then  stretched  from  theae  blocka  back  to  surface  of  the  com- 
pleted pavement  With  these  three  strings  to  guide  them,  the 
pavers  can  readily  lay  the  pavement  exactly  to  grade.  It  la  ob- 
vlDua  that  where  paving  materials  are  piled  up  In  the  street,  it 
would  be  Impracticable  to  use  a  straight  edge  from  curb  to  curb, 
hence  the  necesaltr  of  some  auch  method  aa  the  one  Just  deacrlbed. 

On  this  particular  piece  of  work  each  atone  block  averaged 
(i«x»4  loa.  and  weighed  nearly  30  Iba  A  wagon  load  averaged 
100  blocks,  or  B  tons.  Slat  bottom  wagons  were  used.  Thla  load 
waa  hauled  over  hard  earth  roada  for  much  of  the  distance,  and 
over  the  aand  cushion  on  the  concrete  base. 

The  blocka  were  delivered  In  gondola  oars,  and  unloaded  from 
the  cars  Into  the  wagon  by  two  men,  aaslated  by  the  driver.  About 
half  a  wagon  load  <100  blocks)  were  tossed  from  the  car  Into  the 
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waeoa  box,  the  driver  and  the  two  men  standing  In  the  car,  Tbita 
the  driver  would  get  Into  the  wagon  and  pile  up  the  reM  of  tbe 
ttlockB  with  some  regulaiitr  as  fast  as  the  two  men  would  paM 
them  out  to  him.  When  the  men  were  tosilns  the  blocks  Into  the 
wagon,  each  man  averaged  11  blocks  per  minute  when  all  he  had 
to  do  W&8  to  Btoop  to  pick  up  a  block,  but  when  It  became  neceS' 
lary  to  walk  to  the  oppOBlte  side  of  the  car  to  get  ihe  blocks,  each 
nan  would  pick  up  and  deliver  only  7  blocks  per  miftute.  Under 
the  latter  condition  the  two  men  In  the  car  would  hardly  keep  the 
driver  busy  stacking  up  blocks  In  the  nagon,  yet  a  short-lighted 
foreman  would  have  had  one  man  In  the  wagon  to  each  man  In  the 
ear.  With  wagons  coming  along  at  regular  Intervals,  the  two  men 
aided  by  the  driver  would  load  a  wagon  every  10  minutea 

In  unloading  the  wagon  on  the  street,  one  man  and  the  driver 
consume  about  E  minutes,  each  man  tossing  out  20  blocks  per  mln- 
Dte;  To  allow  for  slight  delays  In  waiting  for  other  wagoDii  etc., 
about  20  minutes  should  be  taken  Eta  tbe  average  time  consumed 


Big.    10.     Teleicoplc   Sight   Rod. 

In  loading  and  imloadlng  the  ZOO  blocks  In  each  na«on.  With 
wages  of  laborers  at  EO  cts.  per  hour,  and  team  with  driver  at 
4S  cts.  per  hour,  the  llied  cost  of  loading  and  unloading  (Including 
lost  team  time)  Is  35  eta.  per  wagon  load,  or  |1,7E  per  l.DOO  pav- 
ing blocks.  The  rule  for  determining  the  cost  of  loading,  unload- 
ing and  hauling  la,   therefore,  as  follows: 

To  a  Rxed  co»t  of  $1.7!  per  IJKO  blockt,  add  tl.SO  per  mile  of  dia- 
tance  bettcecn  (Ae  car  and  (he  point  of  deliver]/  on  tAe  tirtel. 

Since  It  takes  about  20  of  these  paving  blocks  per  stjuare  yard, 
we  must  divide  the  above  llgurea  by  ED  to  get  the  cost  per  square 
for  loading  and  hauling.    Then  we  have  this  rule: 

To  a  fixed  coat  of  ly,  elt.  per  square  yard,  add  i%  ctt.  more  per 
Sguare  yard  for  each  mile  of  dietanoe  tedoeen  the  car  and  the 
point  of  delivery  on  the  sireet. 

The  above  cost  of  hauling  Is  based  on  team  wages  of  45  cts.  per 
hour,  a  speed  of  iVt  miles  per  hour,  and  a.  3-ton  load. 

The  paving  gang  engaged  in  laying  the  stone  blocks  consisted  of 
3  skilled  pavers  and  a  helper,  whose  principal  duty  was  to  deliver 
sand  wherever  the  sand  cushion  was  not  sufficiently  thick.  Each  of 
the  3  pavers  was  paid  6  eta  per  sq.  yd.  tor  laying  the  blocfca  Con- 
sequently the  work  was  rapidly  done.  There  were  no  men  engaged 
In   rammliiK  the  blocks,  but  occasionally  one  of  the  pavers  would 
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spend  a  tew  minute*  ramming.  Elacb  of  the  three  paven  avarased 
TO  BQ.  yds.  per  day  of  IQ  houra.  or  T  aq.  yds.  per  hour,  althouch 
ai  mu;h  a«  85  aq,  yds.  per  paver  were  laid  In  one  day. 

The  Joints  between  the  blocks  were  grouted  with  Portland  cement 
morttu-  mixed  in  the  proportion  ol  one  bac  at  cement  (1  cu.  ft.) 
to  one  wheelbarrow  of  aand.  The  sand  was  not  msasured.  but 
probably  averaKsd  about  Z  cu.  tt,  to  the  wheelbarrow.  The  grout 
ytaa  mixed  In  a  sheet  iron  tub,  shaped  aomewhat  like  a  long  bath- 
tub, about  18  Ina  deep.  30  Ina  wide,  and  6  ft  long,  provided  with 
wooden  atrlps  (2x1  Ina,)  Irolted  to  each  side  of  the  tub  and  pro- 
jecting beyond  the  ends  to  aerve  as  handlea.  The  grouting  gang 
was  organised  as  tallows: 

1  man  wheeling   sand, 

1  man  carrying  cement, 

1  man  carrying  water. 

3  men  mixing  grout  with  hoea. 

2  men  sweeping    grout    Into    Joint* 

These  men  averaged  a.  batch  of  grout  (about  SU  cu.  ft.)  erery  S 
minutes,  and  a  batch  covered  about  t  »q.  yds.  Hence  a  barrel  of 
cement  would  cover  about  16  «q.  yda  With  wages  at  20  eta.  per 
hour  for  laborers,  the  labor  coat  of  grouting  was  2  cts.  per  aq.  yd. 
With  sand  at  11.00  per  cu.  yd.  detlTcred.  the  cost  of  sand  for  groat- 
Ing  was  2  eta  per  an.  yd. ;  and,  with  cement  at  tl.EO  per  bbl.,  the 
cost  of  cement  for  grouting  was  10  c(a  per  sq.  yd.  After  tho 
grouting  was  completed  a  (hin  coat  of  sand  waa  spread  over  the 
entire   pavement,   about   ZOO   sq.  yds.   being  covered  by   1   cu.   yd. 

Summing  up  we  have : 

Cts.  per  sq.  yd. 
Loading  and   unloading  blocks tH 

" ^ —  ■  -■-  ;» 


Hauling   blocks   1    mile. .    

Laying  blocks,  pavers,  at  15  cla  per  hr.... 
Laying  blocks,  helper,  at  SO  eta  per  hr. ... 
Ijibor,  grouting,  wages,  at  iO  cts.  per  hr. , 

Total    labor    

Add  1 0%  for  foreman,  etc 


.  ie(4 


Material  for  grout: 

]-ie  bbi.   cement,  at   $1.«0 10 

1-50  cu,  yd.   aand.  nt   (1.00 2 

).200  cu.  yd.  sand   (cover),  at  II )i 

The  above  doea  not  Include  the  concrete  base  nor  the  sand  cuah< 
Ion  iMtween  the  base  and  the  stone  blocka 

Coat  of  Stone  Block  Pavement,  Rochestsr,  N,  V.— We  have  Drst 
to  consider  the  dimensions  of  the  blocks.  When  made  of  granite, 
they  are  split  with  wedgea  to  tolerably  uniform  sliea ;  but  when  ot 
stratified  rock,  like  Uedina  sandstone,  a  carload  of  blocks  wlU 
ahow  wide  variation  In  slie  ot  Individual  stone.  In  depth,  of 
course,  the  blocks  must  be  quite  uniform,  and  B  Ins,  depth  Is  usually 
specified.     In   New  Tork  City  4  Ina  Is  apeclfled  as  the  maximum 
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width  of  vranlte  blocka,  and  It  may  be  Emumed  aa  a  certainty  that 
they  will  aot  be  found  less  than  the  maximum  allowed,  slnc« 
to  vUt  them  of  less  width  out  of  granite  would  add  ma- 
terial])' to  the  cost  per  equare  yard.  In  Rochester,  N.  Y.,  EH  loa 
1*  q>ecified  maximum  width  for  Hedtna  blocks  but,  due  to  the  thin 
Mratlflcatlon  of  the  (tone,  they  frequently  come  S  Ina  In  width. 
The  maximum  length  opeclSed  la  usually  12  Ina.  the  minimum 
8  InB.  Orsnlte  blocks  which  are  quite  uniform  In  slie  are  sold  by 
the  1,000,  and  aoinetlmaa  by  the  square  yard,  laid.  Medina  blocks 
vary  ao  In  slae  that  they  are  sold  by  the  square  yard. 

Joints  are  ordinarily  about  H-ln.  wide,  and  are  filled  flrst  with 
grarel  or  sand.  Into  which  hot  tar  Is  poured.  In  New  York  City 
hot  Kravel  is  first  poured  In  to  the  depth  of  3  Ina  and  hot  tar 
poured  upon  It  till  voids  are  filled;  then  another  i-ln.  layer  of 
(ravel  and  tar  la  added,  and  so  on  until  the  Joint  Is  full.  By  this 
method  one-third  to  half  the  volume  of  the  Joints  Ih  tar.  In 
Rochester  the  Medina  sandstons  Joints  are  Drat  filled  clear  to  the 
surface  with  hot  sand  (damp  aand  will  not  run)  ;  then  men  with 
pointed  wire  pins  like  a  surveyor's  "stlck-pIn,"  used  In  chaining, 
force  the  sand  down  or  pick  It  out  If  there  Is  an  excess,  until  the 
surface  of  the  sand  Is  IK  to  !!  Ina  below  the  surface  of  the  block 
paveoienL  Hot  tar  Is  then  poured  In  and  fills  the  upper  2  Ins.  of 
the  Joint  without  penetrating  to  the  bottom.  This  method  gives  as 
■Dod  satisfaction,  ftpparently,  a«  the  New  York  metbod. 

In  order  to  economlie  tar,  which  Is  quite  an  Item,  I  would  »ug- 
eat  a  combination  of  the  two  methods ;  that  Is,  first  All  the  Joint 
with  sead  to  within  2  Ina  of  the  Hurface,  then  fill  the  upper  2  Ina 
with  hot  pea  gravel  (screened)  and  pour  In  tar. 
Cement  grout  la  used  as  a  Joint  filler  In  some  cities. 
With  blocks  3%  X  12x8  Ina,  there  are  26  per  sq.  yd.  Where 
Joints  are  U-ln.  and  the  area  of  Joints  Is  13%  of  the  total  area, 
and  the  volume  of  Joint  filler  Is  nearly  O.E  cu.  ft  per  sq.  yd,  of 
pavnnent.  If  tar  Is  worth  10  eta  a  gallon,  or  TE  eta  a  cu.  ft. 
Bad  one-third  the  volume  of  the  Joint  Is  tar,  the  cost  for  tar  alone 
will  be  0.1  X  H  X  76  =  IS  ctK  per  sq.  yd.  of  pavement,  or  1<4  gals. 
Due  to  the  fact  that  only  one  man  helped  the  drivers  load  their 
wagons  from  the  car,  and  only  one  man  helped  unload  the  wagons 
at  the  curb,  the  cost  of  loading  and  hauling  was  so  excessive  as  not 
to  be  typical  of  what  can  be  accomplished  under  good  manage' 
ment,  even  where  extra  wagons  are  not  used.  Therefore,  In  the 
following  summary  of  costs  of  this  Itoohester  pavement  I  shall 
give  the  same  costs  for  loading  and  hauling  that  appear  on  page 
STI. 
The  wagon  load  in  the  Rochester  work  averaged  2.7  tona 
After  the  blocks  were  stacked  up  at  the  sides  of  the  street  they 
were  laid  out  on  edge  In  the  street  In  advance  of  the  pavers,  and 
aaaorted  Into  stses  of  uniform  thickness,  which  laborers  using 
wheelbarrows  did  at  a  cost  of  about  3  ets.  a  sq.  yd.  Two  skilled 
pavers,  with  one  laborer  as  a  helper  to  supply  stone,  formed  a 
gang.     A  paver  laid  B  to  8  sq.  yds.  an  hour ;  6  sq.  yda  per  hr.,  or 
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to  N.  yd*,  per  10-hr.  day,  may  be  taken  bb  an  average  lor  aate 
oKlmatlnK.  which,  with  pavers'  wa^ea  at  SO  cte.  an  hour  and  labor 
at  15  cts.,  makea  cost  of  laying  6  eta.  per  eq.  yd, 

PollowlDK  the  pavera,  come  a  gang  of  3  men  ramming;  and  rais- 
ing sunken  stone.  I  screenlnB  sand  (or  Joints,  2  heating  sand  and 
tar.  1  whedlng  sand  for  Joints,  1  sweeping  sand  Into  Joints.  T  pok- 
ing sand  down  Into  Joints  and  digging  out  excess,  G  fllllng  upper  t 
Ina.  of  Joints  with  tar,  making  a  gang  of  20  men  following  the 
pavers,  and  with  wages  at  IE  cts.  an  hour,  such  a  gang  covering 
SO  yds.  an  hour,  or  eo  sq.  yds.  per  day,  makes  the  coat  of  ram- 
ming and  fllllng  Joints  6  cts.  a  sq.  yd.  Summing  up.  we  have  for 
the  total  labor  cost: 

Persq.  yd. 

Loading   and   unloading lO.OJB 

Hauling    1    mile O.OIB 

Distributing  blocks    O.OjO 

Laying     0.060 

Filling   Joints 0.000 

Foreman,  at  «0  eta  per  hr.,  30  sq.  yda. O.OIS 

i  water  and  errands  boys O.OOT 


Total    labor    t0.340 

Coat  of   Medina  block  pavement :  Per  sq.  yd. 


h 


.„.  yd.    street  excavation |0.1B 

.  concrete  foundation..  "  ■" 


MedL.- 
Prelght 


yd.  sand  cuslilon  in  place,  at  $1.08 0.00 

block  (S-in.)  f,  o.  b.  Albion,  N.  T. LIS 

,io.B...     to     Rochester 0.07 

Unloading.  hBuUng  and  laying 0-24 

1.6  gala   tar  at  10  cla.  a  gal 0.16 

1-BO   cu.    yd.    sand    (or   Jolnta 0.08 

Total      »!.84 

Add  for  contractor  s  profit 0.80 

Total   contract   price |2.«0 

In  paving  four  streets  with  Medina  sandstone  blocka  at  Roches- 
ter, N.  Y.,  tho  average  amount  of  Joint  filler  waa  1.4  gallons  of 
paving  pitch  per  sq.   yd. 

The  foregoing  cost  data  apply  to  work  done  over  large  areas 
with  fairly  well  orgunlBed  gangs;  but  on  small  areas,  such  as  pav- 
ing gutters  S  ft  wide,  I  have  had  pavers  average  Only  S^  sq.  yda 
per  hour  per  paver,  each  pover  securing  his  own  blocks  from 
piles   along   the  curb. 

By  comparison  with  the  cost  of  similar  Work  done  at  SL  Paul, 
described  previously.  It  will  be  seen  that  this  Rochester  work  was 
not  as  economically  done.  It  should  be  noted,  however,  that  In 
St.  Paul  a  cement  grout  fliler  was  used,  while  In  Rochester  the  Joint 
filler   was   tar. 

Cost  of  stone  Block  Pavement,  Baltimore,  Md.*— Tn  I9D8  there 
were  1,617  sq.  yds.  of  Medina  sandstone  blocks  laid  by  day  labor 
forces   for   the    city,    replacing  old   wood   blocks. 

Wood  blocks  were  removed  from  the  tracks  on  Fayette  St  from 

"EnaiKeerina-ContracHnff,    Aug.    18.    1909. 
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Calvert  to  Charlea  EtraM*.  and  aJao  on  Cftlvert  street  from  Balti- 
more to  Lexington  strMt,  and  were  replaced  with  Hedlna  Band- 
atone.  The  Jolnta  of  the  iiavenient  irere  poured  with  Warren'q 
Puritan  brand  block  Slier  and  followed  with  a  ooverins  of  hot 
graveL    The  Itembed  c«M  of  the  work  w««  aa  follows: 

Per  •(].  yd. 

Block!     tZ.liO 

0.03ZE    cu.   yd.   stone   duit.   at    %\M O.OIB 

0.02  cu.  yd.  screened  smvel.  at  fl.SO D.OSg 

il.9  lbs.  filler,  at  |1  per  cwt 0.419 

1.3  lbs.  coal,  at  |4  ton 0.003 

Hauling     0.0S4 

I^bor     0.SG4 

Total   (l.tIT  sq.  yds.) tS.lST 

Tbls  high  cost  la  characterletic  of  all  the  work  done  by  the  city 


Coat  of  Granite  Block  Pavoment,  New  York — Mr.  O.  W.  Xniaon, 

In  "Street  Pavements  and  Paving  Materials,"  p.  SOI,  gives  the  lol' 

lowing  data  on  the  cost  of  granite  block  pavemmt  In  New  Tork 

City  In  IS98.     The  day  was  ID  hrs.  long: 

Concrete    gang :  Per  day. 

I  foreman     t  3.00 

8  mixers  on  two  boards,  at  (1,25  10.00 

i  wheeling  stone  and  sand,  at  SI.2S G.OO 

1  carrying  cement  and  supplying  water,  at  tl.36. . . .      1.2(1 
1  ramming,    at     (1.26 1.2B 

Total,  210  so.  yda  (40  cu.  yda),  at  8.e  eta I20.B0 

The  concrete  Is  aboveted  direct  from  the  mixing  boards  to  place. 
Coat   1:2:4   concrete :  Per  cu.  yd. 

lU   bbts.  natural   cement,  at  tO.90 fl.SO 

O.SB  cu.  yd.   stone,  at  11.26 119 

0.37   cu.  yd.    nnd,  at  tl-00 0.27 

Labor    0.61 

Total    13.27 

With   concrete    S   UiM.   thick  this  Is  equivalent   to   E4.S   cts.   per 

aq.  yd.  tor  the  concrete  foundation, 
"ne  granite  blocks  were  laid  two  days  later  with  the  following 

gang: 

10  cavers,    at    M.GO %  4E.00 

5  rammers,  at  13.60    17.60 

1  chuckera,   at   tl.60 9.00 

29  laborers,  at  11.26    26.00 

2  foremen,  at  13.60   7.00 

Total,   650    sq.   yda,  At  16   eta II03.GO 

Thta  Is  equivalent  to  (6  sq,  yda  per  paver  per  day. 


Ijibor    laying    blocks,    as    above    given 30.16 

'"■■ lite  blocks,  at  JEB  per  M . . . 

.   paving  pitch,   at  T   c' 


4  granite  blocks,  e 

— la   paving  pit—.   _.   .    _„ 

.   ft  gravel  for  lolnts,  at  11.96  per  c 


.  .. ind  for  cushion,  nt  11.00  per  cU.  yd 0,06 

1  aq.  yd.  concrete,  as  above  given 0.66 

Total     12.36 
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e,  T-ln.  b«d  of  Band  wM 

4  pavera,    at    t4.G0     tlS.OO 

5  ranuners,  at  IS.Sa T.OO 

S  chuckers,   at    tlSO    4. GO 

3  laborerB,   at   »1.25    S.7B 

TOUI.    ZSO  sq.  rds.,  M  12  eta. .fSt.lG 

Thla  Is  equivalent  to  TO  sq.  yia.  per  paver  per  dloy' 

Per  BO.  yd. 

Labor    lO.lf 

24  graalte  blocks,  at  tGS  per  U,  dellvereil l.St 

0.2  cu.  yd.  sand,  at  |1 O.IO 

Tola!   f l.tl 

Apparently  the  labor  cost  of  meltlnK  and  pouring  tbe  pitch  filler 
IB  Ini'luded  In  work  done  by  the  20  laborera 

Cost  or  Laying  Granite  Block  Pavement,  New  Vork.'— ThB  work 
wae  done  In  1905  at  BBth  street.  The  paving  wae  done  by  contract 
and  WB.S  commenced  Oct.  2S,  and  Onlshsd  Dec  20  of  the  nune  year. 
The  work  consisted  ol  laying  t.IBT  ag.  yds.  at  granite  block  pave- 
ment on  a  6-ln.  concrete  boie.  The  blocks  used  Were  It  in.  z  m 
In.  :t  7  In,,  and  118, ZGO  of  them  were  laid.  Tbe  total  numb«r  of 
lineal  leet  of  ]olnta  that  had  to  b«  tarred  waa  iei,S7G. 

In  unloading  and  piling  atone  on  the  aldewalka  the  material  waa 
handled  by  the  laborers  by  hand,  the  distance  over  which  the  atone 
waa  carried  being  but  a  few  feet-  It  waa  found  that  each  laborer 
unloaded  and  piled  1,390  blocka.  or  62  eq.  yda,  per  day. 

The  following  was  the  labor  cost.  It  being  eatlmated  that  St.G 
blocks  make  1  sq.   yd. ; 

UitUHuUng   and   PiUng   Blocks:  Per  aq.  yd. 

O.Oli     day  labor,  at  I1.7B J0.02g 

0.0008  day  foreman,   at   |3.G0 0.001 

Total    tO.OSO 

Bxcavattng  Old  PavtmenI  and  8  Ina.  Earth: 

0.OT7     day  labor,    at   tl.TB lO.llB 

a.O0G4  day  foreman,  at  |3.B0 0.01> 

Total    t0.1G4 

Ittxing  and  Lairing  Concrete  Ba»t: 

0.118  day  labor,  at  1.7G tO.tlG 

0.008  day  foreman,  at  11.50 0.018 

Total     id.isi 

Paving  and  Tarring  Jolnta: 

eati      days  pavers,  at  t*M t0.084 

daya  pavers'  helper,  at  12.00 O.QSE 

.0012  daya  rammera.  at  (4.00 0.02G 

-0017   days  aprendlng  sand  cunhlon.  at  tl.TG 0.003 

Dia     days  milng  Joints  with  gravel,  at  fl.TB S.Ot) 

004     daya  pourtiig  tar  Into  joints,  at  tl-TS O.OOT 

007      days  tending  tar  and  gravel  kettles,  at  tl.TB..    0.011 
002     days  foreman,  at  IS. SO O.Oll 

Total    10.200 

'EngtHeering-Oontracting,  June  SO,  lOOt. 
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It  will  be  DoUd  none  of  this  work  waa  done  economlcallr.  The 
Ubor  on  tbe  concrete,  for  exapiple,  waa  double  what  la  commonly 
required  uoder  good  management. 

Each  paver  laid  only  I.MS  blocka,  or  47H  eq.  yda  per  day,  which 
li  an  «quallv  miserable  ahowlni. 

Coal  of  Oranlta  Block  Pavamant,  Baltimore,  Md.*— This  work  in- 
volved laying  12. BOO  aq.  yds.  of  granite  block  pavement  On  Ugfat 
St.  Baltlniore.  during  Aug.  8  to  Dec.  B,  1908.  The  work  was  not 
done  by  contract,  but  by  city  forces  working  by  tbe  day.  Tho 
sxceaaively  high  cost  of  the  labor  per  sq.  yd.  adds  another  ex- 
ample to  the  invariable  rule  that  It  la  cheaper  to  do  such  work  by 


It  la  stated  that  during  the  1  moa.  one  week  was  lost  on  account 
of  bad  weather  and  three  weeks  on  account  of  the  failure  of  the 
Uoeks  to  arrive  on  time.  During  a  large  part  of  the  time,  two 
Hit.  ahifu  were  worked  dally.  The  Belgian  blocks  Were  quar- 
ried In  Maine  and  shipped  to  Baltimore  by  boat,  the  first  boat 
■jrlvlng  Aug.  84.  There  were  24  W  blirfJis  per  sq.  yd.,  the  price 
being  f68.E0  per  U  delivered  on  the  line  of  the  work. 

The  cost  of  tbe  S-In.  concrete  baae  was  «■  follows,  the  mixture 
being  l:a!4;fll4: 

Par  cu.  yd.     Per  sq.  yd. 

Gravel.    1    cu.    yd. 11.10  I0.18J 

Sand.   H  cu.  yd.,  at  10.7! 0.S8  -OiO 

Cement,  t  bags 1.ZS6  0.814 

Total    materials t2.74G  %0Ai7 

Labor     0.788  0.181 

Qrand    total    $3.5SI  tO.G88 

It  Is  stated  that  an  engineman,  at  (8.60  per  8  hrs.,  and  13  labor- 
er^ at  tl.6T,  operated  a  U  cu.  yd.  mixer  (part  of  the  time  using  a 
Rauaome  and  part  of  the  time  using  a  Smith  mixer),  and  the 
average  8  hrs.  run  was  833  sq.  yds.,  or  G8  cu.  yda  ;  but  the  ex- 
ceedingly high  cost  of  80.788  per  cu.  yd.  for  labor  could  not  have 
occnrred  had  the  Output  averaged  even  the  CS  cu.  yda 

The  average  organisation  Of  the  paving  gang  and  the  wage* 
paid  were  as  follows: 

Per  8  hrs. 

1  foreman,    at    84.00 8  4.00 

8  pavers,     at    84,00 24.00 

2  rammers,   at    Jl.OO S.OO 

4  carts  (Including  horse,  cart  and  driver),  at  |2,60.    10,00 
T  pourcrs,    at    (l.TS 12.26 

16  laborers,  at  81.«S^   20. 82 

2  stone  cutters,  at  (4.00 8.00 

Total     800.87 

SpeciaJ  efforts  were  made  to  keep  this  gang  constantly  em- 
ployed, and  absolutely  no  time  was  lost   by  It  other  than  del^a 

•Enffineentig-C<HitractHB,  Sept   22,    1900. 
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occaalonM  liy  bad  weather  and  failure  of  blocks  to  arrive  on  time. 
Tha  concrete  base  at  all  tlmea  waa  kept  well  In  advance  of  the 
pavers,  experience  having  shown  that  tha  laborers  would  do  better 
and  quicker  work  when  they  could  see  an  abundance  of  It  ahead 
and  no  interruption.  The  avarafce  day's  work  complete  for  this 
SanE  was  1ST  sq,  yds.  or  A*%  an,  yds.  to  the  paver.  This  makes 
the  cost  34  eta  per  eq,  yd.,  and  does  not  include  hauling  the  blocks 
from  the  boat  to  the  street.  This  31  cts  per  sq.  yd.  Is  Just  about 
three  times  what  It  would  cost  a  competent  contractor,  as  will  b« 
seen  by  romparlEon  with   records  above  given. 

It  should  bo  noted  that  the  Joints  were  filled  with  gravel  and 
pitch,  and  that  the  labor  of  the  7  "pourers,"  being  tlS.SS  per  day,  as 
above  given,  amounted  to  4.S  eta.  per  sq.  yd.  It  Is  stated,  how- 
ever, that  the  total  labor  coat  of  pouring  was  B.7B  cts.  per  aq.  yd., 
from  which  It  would  appear  that  about  £  laborers  (of  the  IB)  were 
used  to  open  barrels  and  keep  the  fires  going,  etc. 

ConJ,  at  |4  per  ton,  was  used  to  melt  the  pitch  and  heat  the 
gravel,  and  this  wood  coat  14  cL  per  aq.  yd.  of  pavemenL  The 
tar  kettle  had  a  capacity  of  i  tons,  and  was  mounted  on  wheels. 
The  gravel  heater,  also  on  wheels;  had  a  capacity  of  Si  cu.  (t. 
of  gravel,  but  did  not  meet  the  retiulrements,  so  that  two  mt- 
mounted  sheet  iron  pans  (3%  it  7  ft.)  were  also  used.  It  Is  stated 
that  prior  to  the  use  of  this  tar  kettle  and  the  gravel  heater,  fuel 
(wood,  at  tG  per  cord)   had  coat  1%   cC.  per  sq.  fO. 

Summarlllng  the  cost,  wo  have; 

ifotcrfaij.-  Per  Ml.  yd. 

24%  granite  blocks  delivered  on  street,  at  ftS  per  M tl.SSM 

0.088  cu.  yda  stone    dust    tor    cushion    (instead   of    sand), 

at     11. OS 0.D8TS 

0.08B  cu.  yds.  gravel  for  Jolnta,  at  11.80 0  OTOO 

48  Iba  tar  for  Joints,  at  10.01 0.4800 

IH  lbs.  coal  for  heating  tar  and  gravel,  at  (4,00  per  ton. . . .   0.002B 

Total  matarlala    M.SiOO 

Hating  and  pouring  flller  and  gravel 10  0G7E 

Other  Tabor  laying  Trtodts ."  1 ;  I'^sItb 

Total     12  gcKn 

Concrete  base  (fl-In.)   as  above  given '.'.   0.6880 

Orand  total   (Fiiso 

This  does  not  Include  removing  an  old  pavement  and  grading. 

The  very  high  cost  of  the  tar  filler  per  sq.  yd.  Is  noteworthy.  If 
(t  weighed  10  lbs.  per  gal.,  then  there  were  4.S  gala  pet  sq.  yt, 
on  altogether  unnecessary  amount. 

After  the  final  pouring  of  the  tar  (Warren's  Puritan  flller),  tha 
pavement  was  covered  with  hot  gravel. 

Cost  of  Dressing  Old  Qranlte  Blocks,  Baltimore,  Mtf.'— Before  lay. 

'Bnsrineering-ContraeUUff,  Sept.   22,  1909. 
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Ihk  a  new  sranlta  pavenient  on  Usht  St..  Baltimore,  S.EOO  h).  yOa. 
of  (dd  sranlte  blockB  were  taken  up  and  relald  by  city  lorcea.  The 
cost  of  laying  the  new  blocka  §a  given  on  page  377, 

The  toltowinc  coats  relate  only  to  the  dreadnK  of  the  old  blocks 
and  relaying;  them.  The  costa  were  exceedingly  high,  due  to  the 
tact  that  the  work  waa  done  by  city  forcea. 

Each  man  dressInK  old  granite  blocks  averaged  S5S  blocks  per 
t-hr.  day.  and  the  cost  was  (13. IB  per  M.  which  Indicates  that  the 
ftonecntters  received  leaa  than  tS.SO  per  day.  When  relald  the 
labor  cost  was  as  follows : 

Per  sq.  yd. 

Dreestng  aad  laying  old  blocks t0.1S2E 

Heating  and  pouring  OlleT  and  gravel 0.OE7E 

Total  labor   10.4900 

For  rates  of  wages  and  orgatiixatlon  of  the  gang  engngcd  In 
bjing,  see  page  3T7. 

CcMt  of  Taking  Up  and  Relaying  •  Cobble  Stone  Pavement.*— In 
repairing  pavements,  the  coats  of  labor  vary  greatly,  owing  to  the 
tact  that  the  repair  work  Is  done  In  small  patches  and  there  Is 
much  time  lost  In  the  moving  of  tools  from  place  to  place  as  welt  as 
the  tbne  the  men  consume  In  moving.  Records  of  these  costs  are 
exceedingly  difficult  to  obtain,  but  we  are  fortunnte  In  being  able 
to  give  the  coat  of  doing  a  repairing  Job  that  Involved  enough  work 
to  keep  a  repair  gang  busy  for  a  day,  so  that  some  idea  of  the 
coat  of  the  various  labor  Items  can  be  calculated. 
Tile  wages  paid  were  as  follows  for  an  S-hr.  day: 

Foreman I4.B0 

Laborers     , l.tt 

Pavers     6. SO 

Rammers     S.90 

Z-horae  wagon  and  driver S.OO 

Cart  and  driver   3.50 

The  work  consisted  of  cobble  atone  paving,  between  the  curb  and 
a  street  car  track,  being  10  ft.  wide  and  10*  ft.  long.  A  10-in. 
gtitter  of  Bag  stonea  waa  laid  1 E  Ina  from  the  curb ;  the  inter- 
vening 15  Ins.  being  laid  with  cobbles.  In  all  there  were  115.55  sq. 
yda  of  paving.  9.GE  tn.  yda  of  this  being  In  the  gutter,  and  14. E6 
sq.  yds.  being  between  the  gutter  and  the  curb. 

The  system  of  carrying  on  the  work  was  (or  three  laborers  to 
loosen  the  cobbles  with  bars,  being  followed  by  three  laborers  with 
piekn,  who  piled  the  stones  within  reach  of  the  pavers  and  kept  the 
ground  beneath  the  paving  loosened  with  their  picka  A  wagon 
hauled  ashes  from  the  city  stock  ptia  to  be  used  beneath  the  new 
paving,  and  It  also  hauled  some  cobbles  from  the  yard  that  were 
needed.    One  laborer  spread  the  ashes  for  the  pavers. 

One  paver  set  the  gutter  and  paved  between  the  curb  and  the 
gutter.    The  curbing  was  not  disturbed.    This  paver  laid  24  aq.  yds. 

•Bnahttertng-CoiOractlnff,  Oct  2,  1907. 
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In  th«  day,  mors  than  one-ttilrd  of  It  beiac  gutter.  The  other 
three  pavers  diu  the  rest  of  the  laying,  doing  not  quite  31  aq.  yda. 
apiece.  Two  rammers  rammed  lOQ  sq.  yds.  of  paving,  being  th« 
entire  amount  less  the  gutter.  The  roan  who  spread  the  aahe* 
followed  the  rammers  spreading  sand  over  the  work.  The  cart 
hauled  the  tend.  At  the  close  of  the  day  the  T  laborers  cleaned  up 
In  a  fen  minutes. 

The  various  labor  items  coat  as  follows: 
Tearing  up  nnrf  KandUnp  atone: 

i  laborers    with    bars |4.>S 

I  laborers  with  picks    4.98     |  B.B< 

Paving; 

1  laborer  on  aihei  and  aand %  1.88 

1  pavers    S1.30 

i  rammers     T.80      SO.tS 

Hauling  malerialt: 

Cart  sand lI.EO 

Wagon  for  ashes  and  stone G.OO         S.GO 

SuperiHlenOeitce    4.B0 

Grand   total    tBl-6S 

The  eo«  per  sq.  yd.  was : 

Tearinz  up  and  handling  atone 10.886 

Pavlirp      i8E 

Superintendence     040 

Hauling    materials    OTl 

Total  cost  per  sq.   yd. 10.484 

The  cobble  stones  averaged  about  B  ins.  deep,  hence  the  coat 
of  tearing  them  up  and  atacklng  them  was  nearly  40  eta  per  cu.  yd. 
Cost  of  Laying  Asphatt  Black  pavament,  Nsvr  York.*— In  the  up. 
per  part  of  New  York  City  asphalt  block  p^ivements  have  been  In 
use  for  many  years  and  have  steadily  grown  In  popularity,  particu- 
larly for  residence  streets.  Formerly  It  was  the  custom  to  lay  the 
blocks  on  edge,  following  the  precedent  of  stone  block  and  brick 
pavement  construction ;  but  within  recent  years  the  eqihalt  blocka 
have  been  laid  flntwlse,  thus  forming  a  wearing  coat  of  asphalt 
blocks  S  Ina  thick,  each  block  being  3  t  G  x  12  Ins.  The  old  theory 
that  a  block  pavement  of  any  kind  Bhould  be  made  ol  blocks  set 
on  edge  la  thus  utterly  overthrown,  and  It  is  not  unreasonable  to 
expect  to  see  the  lime  when  paving  bricks  will  also  be  laid  flatwise, 
thus  elTei'tIng  a  great  economy  In  material.  About  five  years 
ago  the  managing  editor  of  this  Journal  wrote  an  article  setting 
forth  the  reasons  why  paving  bricks  of  larger  slse.  known  as 
"blocks."  Bhould  be  laid  flatwise  instead  of  edgewise,  but  conserva- 
tism among  city  engineers  Is  ao  strong  that,  so  Car  as  we  know,  not 
a  single  city  haa  adapted  the  plan  of  laying  pavinK  brick  flatwise. 

Coming  now  to  the  method  of  laying  asphalt  blocks  In  New  Tork 
City,  we  find  another  departure  from  precedent  In  that  the  ven- 
erable "sand  cushion"  has  been  abandoned.     Of  course  a  baae  of 

'BngineBTing-ContntcUng,  Sept.  28,  1908. 
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CMicrete  la  provided  In  thA  usual  manner,  but,  Inatend  ot  loylns  a 
nnd  cushion  on  Ihia  base.  It  Is  now  the  practice  to  apread  a  thin 
coat  of  cement  mortar  on  which  the  o^halt  blocks  are  laid.  Thla 
mortar  coat  Is  ^  In.  thick,  made  of  1  part  cement  to  i  parta  sand. 
II  fa  mixed  dry  and  wheeled  onto  the  concrete  In  barroWB,  roughly 
spread  with  shoTels  and  rakes  and  then  leveled  off  with  a.  wooden 
■tralght  edge.  To  Insure  perfect  levetlns  and  the  desired  thick' 
neaa  of  mortar,  strtpa  ot  wood  H  In.  thick  are  latd  at  Intervals  of 
about  10  ft  Then  two  men  ahove  a  atralKht  edge  over  these  strips 
uutn  the  dry  mortar  la  spread  evenly.  After  this  a  man  with  a 
hose  sprinkles  the  mortar  until  It  Is  quite  damp  and  ready  to  receive 
the  asphalt  blocks. 

No  attempt  Is  made  to  bed  the  asphalt  blocks  down  Into  the  mor- 
tar, but  they  are  merely  laid  llrmly  and  given  a  rap  with  a 
hammer.  In  order  to  keep  the  courses  of  blocks  In  perfect  line,  a 
man  with  an  ax  follows  the  pavers  and  shoves  over  any  parts  of 
courses  that  are  crooked  t>y  prying  the  blocks  along  with  the  ax 
blade  ahoved  into  the  Joint. 

The  blocks  are  loaded  In  wagona  from  tmata  or  cara,  hauled  to  the 
atte  of  the  work  In  advance  of  the  concreting,  and  stacked  In 
piles  on  the  sidewalk  along  the  curb.  Asphalt  blocks  are  not  as 
tough  as  stone  or  brick  and  must  be  liandled  more  carefully.  In 
loading;  as  welt  as  In  unloading,  one  man  tosses  blocks  to  another 
man  WliO  stacks  them  up  In  the  wagon,  or  on  the  sidewalk.  About 
SOD  blocks  make  a  wagon  load,  and  aa  each  block  weighs  18  lbs.,  a 
load  la  approximately  2.1  tons.  In  loading  the  blocks  from  gondola 
cars  Into  wagons,  it  takes  two  men  In  the  car  to  deliver  blocks  to 
one  man  In  the  wagon,  who  piles  them  up.  With  four  men  in  the 
car  and  two  man  on  (he  wagon  (Including  the  driver  as  one  of  these 
two  men),  300  blocks  are  easily  loaded  In  10  minutes,  even  when 
the  men  in  the  car  have  to  walk  several  steps  to  get  each  block. 
But  when  the  blocks  are  merely  picked  up  and  tossed  to  the  men 
In  the  wagon,  these  ali  men  will  load  300  blocks  In  1^  mina  If 
the  teama  are  Ln  suflSclent  number  (or  one  team  to  arrive  at  the 
ear  every  10  mtna.,  the  B  men  (and  the  driver)  lead  1,800  blocks 
per  hour.  With  wages  oMaborers  at  !0  eta  an  hour,  and  team 
with  driver  at  4E  eta,  the  cost  of  loading  (Including  lost  team  time) 
is  SO  eta  per  1,000  blocks,  or  1.7  eta.  per  sq.  yd. 

Then  the  hauling  costs  11,20  per  l.OOO  blocks  per  mile  of  haul 
from  car  to  place  of  unloading,  when  300  blocks  form  a.  load,  speed 
of  travel  being  2  V,  miles  an  hour. 

In  unloading  the  wagon  the  driver  and  another  man  In  the  wagon 
toss  blocks  to  two  men  on  the  aidewnik,  who  pile  them  up.  These 
men  unload  300  blocks  In  ly,  mins.  without  difflculty.  but  allowing 
10  mina  for  unloading,  so  as  to  Include  waits  tor  wagons;  we  have 
a  cost  of  SO  da  for  unloading  each  1.000  blocks  Including  the  lost 
time  of  the  team.  Hence,  to  estimate  the  cost  of  handling  and 
hauling,  with  wages  as  above  given,  use  the  following  rule: 

Ta  a  fixed  cott  of  *(.*>  per  M  for  loaiUng  antt  vnloadlnff  (In- 
rhuUnB  Ins*  tsam  ttmt),  add  tl.tS  per  if  for  each  mils  of  haul 
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The   organlxatlon   of  the  sang  laying  ths  psvement    (excliulv* 
of  tha  gang  laying  the  concrete  bnae],  Is  aa  followa: 

Per  hour. 

4  pavers  laying  blocks,  at  40  eta f  1.60 

IS  men  carrying  blocks,  at  20  ctii. 3,10 

1  man  lining  up  blocks,  at  20  eta 20  ' 

1  men  splttUng  blocks,  at  SO  cLh. «0 

_  .__, ._.__  ..      ..._.,  ....  ^^ 


3  men  raking  mortar,  at  ZO  eta 

2  men  leveling  mortar  wl" ■ 

I  man  sweeping  land  inl 


ar,  at  20  eta...     1.20 


leveling  mortar  with  straight  edge,  a 


42  men,   total,  180  sq.  yda,  at  BVi   eta. 110.00 

This  Is  egulvatenC  to  40  blocks  per  paver  per  hr..  or  JSO  per  day. 

This  gang  worked  9  hrs.  da,l1y.  and  when  engaged  In  laying 
bloeks  averaged  ISO  to  ZOO  sq.  yds.  per  hr.  There  was  no  loatlng 
on  the  part  of  the  men  who  carried  the  blocks  to  the  pavers,  nor  on 
the  part  ot  the  pavers.  But  the  17  men  mixing,  wheeling  and 
Spreading  mortar  averaged  only  23  cu.  yds.  of  mortar  placed  per 
day.  which  Is  not  a  very  good  record. 

The  asphalt  blocke  were  carried,  two  at  a  time,  by  hand,  and  were 
not  delivered  in  nheelbarrowa  They  were  laid  to  break  Joint  by 
4  Ins.,  and  this  left  a  good  deal  of  work  to  he  done  at  the  curbs  In 
cutting  at  least  two  block  a  to  911  out  each  course.  The  two 
men  splitting  htocks  for  this  purpose  were  unable  to  keep  up  wUh 
the  paving  gang.  Hence,  at  IntcrvalH.  the  whole  gang  stopped 
paving  and  went  back  to  assist  In  splitting  bloeks  to  close  the 
courses,  and  to  fill  the  Joints  of  the  blocks  with  sand. 

No  cement  Is  mixed  with  this  sand  fUler.  but  loads  of  dry  aond 
are  hauled  onto  the  iiavcment,  dumped,  spread,  and  swept  Into  the 
]olnta  A  cubic  yard  ot  sand  Alls  the  Joints  of  about  200  Oq.  yda 
of  block  pavement. 

The  lime  required  to  spread  the  sand  niler  and  ail  out  ths  courses, 
when  Included  with  the  time  actually  spent  In  laying  reduced  the 
average  output  to  ISO  sq.  yd&  per  hour,  making  a  cost  of  lU  eta 
per  eq.  yd.  for  laying  the  mortar  and  blocks  and  filling  the  Joints 
with  sand.  Wages  actually  paid  were  aomewhat  lower  than  Choss 
above  given,  being  tl-GO  for  9  houra  for  laborers  and  |2,50  to  tSOO 
for  pavers.     The  pavers  did  not  belong  to  a  union. 

It  win  be  noted  that  each  of  the  4  pavers  averaged  4G  sq.  yda. 
per  hour  when  not  engaged  in  cutting  and  dtcing  blocks  at  the  end 
ot  Gouraee,  and,  as  a  mnlter  of  r.-ict.  on  the  best  day  each  paver 
averaged  ib  sq,  yds.  per  hour,  or  495   eg.  yds.  per  day. 

To  the  contractor  who  hna  been  used  to  laying  atone  block  pave- 
ment only,  these  records  may  seem  erroneoua  Even  the  brick 
paving  contractor  may  be  Inclined  to  doubt  their  accuracy.  It 
should  be  remembered,  however,  that  one  asphalt  block  covers 
G  K  12.  or  SO  sq.  Ins.  of  surface,  and  that  It  takes  Only  21  asphalt 
blocks  per  square  yard,  as  compared  with  two  or  three  times  that 
number  of  paving  bricks  or  blocks. 
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be   time   conmimed   In    MlectlnK   atone  lilocka  and   In   beddlnc 

n  In  tlie  sand  cuihlon  materially  reducea  the  output  of  ttie  paven 

1  with  aephaltblock  work. 

Ceat  Of   Aiphalt   Block   Pavement,   Baltimore.*— Tb la   work  waa 

done  In  1908  by  ctty  day  labor  forces,  and,  aa  Is  usual  In  auch  c*aea, 

the  coat  wus  high.     Ad  S-hr.  day  was  worked,  waKee  being  oa  Blven 

on  page  3TT. 

Nearly  30.000  aq.  yd».  were  laid  In  1908,  aome  of  It  on  a  cOD- 
crele  baae,  of  which  the  following  la  a  typical  coat  where  the  con- 
crete waa  t  Ina.  thick,  the  alone  dust  cushion  being  1  In.  thick, 
and  the  asphalt  block  wearing  coat  being  3  lua.  thick.  The  blocka 
were  tzExl2  Ins. 

t-e  cu.  y±  concrete  baae.  at  tS.OO tO.lOO 

nnj  Pu.  yd.  atone  dual,  at  »1.20 0.084 

rohalt  blocks,  at   IBS  per  H 1.310 


80.7  aapbalt  blocks,  at 
Iiabor  laying  blocka   . 


Coat  of  CrcoBOted  Wood  Slock  Pavement,  Mlnneapolla.*— Hinne- 
■polia  waa  among  the  first  cities  to  the  United  States  to  lay  creo- 
■oted  wood  block  pavement  to  any  extent  At  the  end  of  ISOZ  the 
dty  had  over  200.000  sg.  yda.*  of  this  type  of  pavement,  and  alnce 
then  thla  yardage  has  been  largely  Increased.  Ulnneapolls  waa  alao 
probably  the  first  city  to  uae  blocks  made  of  Norway  pine  and 
tamarack  to  any  considerable  amount 

The  following  figures  ahow  the  actual  average  detailed  coat  of 
about  145,000  aq.  yda.  of  pavement  constructed  In  various  porta  of 
Minneapolis  In  1908,  The  figures  were  obtained  from  pay  rolla,  tdlla 
of  materials  and  estimates  and  are  the  actual  cost  for  labor  and 
materials  (or  constructing  the  pavement. 

The  average  unit  cost  per  square  yard  for  the  146,000  aq.  yda. 
Of  creoaoted  wood  block  pavement  waa  at  follows : 

Removing   old   cedar   paviiw $0.0270 

Grading     0.1320 

Concrete  base  (labor  and  materials) O.Stlt  ' 

Cushion  sand,  at  tO.SO  per  cu.  yd 0.0200 

Creosoled  paving  blocks  (f.  o.  b.  Hpla.) 1.3900 

Hauling    blocks     O.04GO 

Laying  blocks    0.0690 

Hauling    cement    0.0090 

Paving  pitch  filler,  at  G.T  eta.  per  gal O.OEIO 

Hauling  pitch   for  tiller O.OIOO 

Labor  on  filler  0.0120 

Asphalt  filler  along  8t  R.  R  tracks O.O02O 

Headera    (plant)     O.OOSO 

Sand   on    flnlahed   paving O.OIOO 

Tools    0.0200 

Rolling     O.OIOO 

(leaning   up   finished   street 0.0060 

Kiacellaneoua    materlala    O.OOSO 

WacellaneauH    labor    0.0100 

Ttotal     38.S47P 

'Snflnttrinff-OtmtracHnff,  Aug.  IS,  190B. 
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imarlzlnE   the   labor  ltem»   o(   laylnx  the  wood  block   pav«- 

I-aylngr  blocks    10.0610 


^imr^on  Ditch  flrier! ! !  [ ! ! ! "  [ ! !: ! ! ! ! : ! i ;  I "VoiM 

0!0OEO 


Holltng     . . ". , 
CleanfoK   up 


Total f  0.080* 

HaullHK  blocks   0  oJsJ 

Mlscellaneoui    labor ',]   o!oiOO 

Grand  total    10.1410 

This    does    not   include   labor   ol    removinK   old    pavemoit   and 

Tha  orBBnliatlon   and   wages   ot   the  (Mg  dlrrctlj'  ent»«ed   la 
laying  the  blocks  w«r«  about  as  followi: 

0  pavar*.    at    12.60 $1E.00  ' 

0  helpers    setting   up    blocks,   at    12 11  00 

7  wheelers,    at  >! 14.00 


I  sand  cushion  man  and  aweepers,' 


cushion  men  and  sweepers,  at   12.26! 

t  sand  cushion  nnen  and  sweepers,  at  12.60 . . 


Total    (l.OBO    sq.    yds).^ (81,96 

This  gnns  averaged  about  1,0SD  sq.  yda  per  g-hr.  day  for  tTie  full 
season's   work.      This   Included    Walts   lor   material   at   times   and 
delays   for   other   causes.     Soma  days   the   gang  laid   as  high   aa 
1,400  aq.  yds. 
The  detailed  cost  of  the  concrete  base  was  as  follows; 

Per  eq.  yd. 

Crushed  limestone,  at  tl.SE  i>er  cu.  yd. lO.SlSS 

Sand,  at  J0.80  per  cu.  yd 0.0174 

Cement,   at   11.12   per  bb! 0.1121 

Labor     0.1(01 

Street  railway  concrete    0.0141 

Total    to.si(a 

The  above  ngures  Include,  of  course,  a  number  of  Items  peculiar 
to  the  city,  which  might  not  obtain  In  another  community.  Pop 
Instance,  the  first  Item — removing'  old  blocks  (cedar)  happens  only 
In  a  tew  streets,  but  yet  Bmounts  In  total  to  enough  materially  to 
affect  the  cost  price  and  must  be  considered.  AImo  In  the  detailed 
cost  of  the  concrete,  (here  Is  Included  an  Itrm  for  street  railway 
concrete.  This  item  would  not  appear  elsewhere,  but  Is  a  very  con- 
siderable one  In  MInneapotIa  The  stiret  raltwny  company  main- 
tains paving  from  the  outer  edge  of  the  rails  In  one  track  to  the 
outer  edge  of  the  rail  in  the  other  track,  and  does  not  Include  the 
ties  extending  beyond  the  rail.  IVj  ft.  in  each  case,  and  for  con- 
venience to  them  and  to  the  city,  the  railway  company  puts  In  the 
concrete  base  from  the  rail  to  end  of  the  tie  at  the  same  time  It  puts 
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In  the  conereta  for  the  tracks,  the  city  paying  the  comiNuiy  for  It. 

I         Thli  constitutes  the  Item  of  "Kreet  railway  ooncrete."    An  Item  of 

I         "tieadcTB"  also  Is  Inchided.    This  la  a  4  x  ID-ln.  plank  set  on  edse  »t 

the  retuma   on  tmpaved   streets  to  protect  the   edge   of   the  new 

I         MtrtiiK. 

I  nia  cost   Taiiea  In  dllTereat  localities  In  the  city,   there  be(ns 

■a  moi^  as   IE  cts.  per  equare  yard  dllferenoe.     This   la  due  to 
dUterence  In  length  of  hauls  (or  materials.  dlfTerence  tn  the  gradlnf 
I         and  from  other  local  conditions. 

'  The  concrete  la  mixed  by  hand.    It  )■  6  ins.  thick  and  Is  mixed  in 

I         the  proportion  of  1:S:T.     The  stone  ueed  In  1908  was  a  crushed 
I         UneMoae.  costlDg  on  *n  average  fl.*S  per  co.  yd.,  on  tbe  basis  of 
'         |1  per  cu.  yd.   at   tbe  crusher,   the   city  doing  the  hauling.     The 
cetnent  coat  |1.13  per  barrel  f.  o.  b.  Hlnnespoll^  and  the  mason 
and  for  concrete  cott  on  an  average  fid  eta.  per  cu.  yd. 

The  nUer  need  In  the  work  was  distilled  from  coal  tar  and  was 

fumlAed  by  the  Barrett  Hanutacturlng  Co.     It  was  brought  on  Ihe 

streets  In  hot  tanka     The  aeaAtn's  work  averaged  about   10  Iba 

of  pitch  flller  to  the  square  yard  of  Snlahed  pavement.    This  is  a 

I  little  less  than  one  gallon  to  the  yard. 

The  sand  cushion  was  1  In.  thick  and  the  fine  sand  need  cost  on 
I         ao  average  60  cts.  per  cu.  yd. 

nie  blocks  used  were  Norway  pine  and  tamarack,  4  ins.  thick, 
and  were  treated  with  16  lbs.  of  oil  to  the  cubic  foot. 

Common  labor  waa  paid  at  the  rate  of  %i  per  day.  teams  were 
paid  %\  per  day,  block  layers  IZ.EO  per  da.y,  and  a  few  special 
men  from  tiM  to  tl-CO  per  day.    An  S-hr.  day  was  worked. 

AO  the  work  was  donfl  by  force  account  under  the  direction  of 
B,  H.  Durham,  etreet  engineer,  to  whom  we  are  indebted  for  the 
above  Information. 

Labor  Cost  of  Creosoted  Wood  Block  Pivemeni  at  •aatlle.*— The 
ftdlDWlng  data  abstracted  from  the  "PaclUc  Builder  and  Bnglneer" 
•bow  the  labor  cost  of  oonstmcting  some  creosoted  wood  block  pave- 
mmt  on  4th  Avbl  In  Seattle.  The  blocks  had  a  cross-sectlan  of 
1x4x8  ins.  and  were  made  from  selected  Western  Washington 
flr  stock.  They  were  treated  by  the  Paclflc  Creosotlng  Co.  at  Its 
Eagle  Harbor  works.  The  sub-base  for  the  pavement  consisted  of 
S  lua  of  coDcrele,  on  which  was  placed  a  1-ln.  cushion  of  cement 
wid  land  mixed  I :  I,  spread  and  sprinkled. 

During  one  dar'e  work  S32  sq.  yds.  of  the  pavement  were  laid, 
tbe  organisation  of  the  gang  and  wages  being  as  foUowa: 

16  laborera  at  »2  per  day »J!.00 

1  paver,   at   tS    per   day a. 00 

Superintendent,  at  IB  per  day B.OO 

Total.    S2S    aq.    yda.   at    10.1303 |4!.00 

'Rngintariiitt-ContTactlno.  Aug.  4,  ^SOft. 
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This  Brang  mixed  the  grout,  spread  It  and  laid  the  blocks  at  tiM 

following  cost : 

Laborers $0.O9»S 


Total 10.1303 

The  concrete  base  cost  90  cts.  per  sq.  yd.  by  contract  Sand  coat 
tl-2G  per  cu.  yd.  delivered,  and  cemeot  was  t^SS  per  bbL  dellv- 
erad.    About  4,000  sq.  yds.  of  pavement  was  conHtructed. 

It  should  be  noted  that  there  was  an  uimecesaarllT  large  number 
of  Uborftra  (It)   to  ana  paver. 

Cost  of  Creosotsd  Wood  Block  Pavemint,  Holyoka,  Mass.*— The 
toltowtng  work  was  done  In  1906.  by  day  labor,  UDder  the  super- 
Tlston  of  Mr.  James  L.  Tlghe.  dty  engineer.  About  G,600  sq.  yds.  of 
wood  blocks  were  laid  on  a.  G-ln.  concrete  base,  the  concrete  belns 
a  1:  3;  fl  mixture.  The  I'ln.  cuihlon  coat  wa. 
8-hr.  day  was  worked.  The  organliattan  of  the  gang  for  «; 
concreting  and  paving  with  blocks  was  as  for 


CzcovadOH.- 
1  steam  roller  and  englneman  hauling  plow.. 

4  men    on    plow,    at    |S.O0 

to  men  loading  earth,  at  SS.OO 

4  teams   haulTng    (%    ml.),    at   »4.00 

1  men  flntshlng  subgrade,  at  }2.00 

Total    excavation     


HauI<H0  SlOfie  and  Sand; 
nen    loading  stone   from   c 
-    ■    ullng    f 


OKcavatinB, 


3  teams    haulln 


Total  hauling  h 


4  men  mixing  and  placing  cement  cushion,  at  tl.OO..| 

i  pavers   laying  blocks,   at   12.00 

t  pavers'    tenders,   at    %Z.Ot 

1  man  spreading  sand  over  pavement,  at  ti-00.... 


12.00 
a.oo 

M.O0 


Total    suporvlBlDn I  11.10 

Grand   total  labor    llSt.l* 

*Etigtneering-CoitlracHnff,  ICay  IS,  DOS. 
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Tbla  gang  excavated  earth  and  laid  300  aq.  7da.  p«T  S-br.  day, 
benc«  U»  labor  cMt  waa; 


Haullos  broksD  Btone  and  Band O.llt 

UixInK  and  placlns  G-in.  concrete 0.131 

Paving    0.087 


Total ,IO.«SO 

The  coat  of  tbe  concrete  materlala  was  about  aa  fotlowa : 

0.14  cu.  yd.  broken  atone  tor  concrete,  at  11.30 tO.lT 

O.OT  cu.  yd.  aand   (pit  royalty),  at  SO.IO O.Ol 

0.14  bbL  cement  for  concrete,  at  tl.ST 0.24 

Total   materials   for   concrete t0.4Z 

We  have  the  following  coat: 

Votsrlab  for  Waaring  Coat:  Per  an.  yd. 

G4  creowted  blocka.   at    t3.BE 13.140 

0.03  bbL  cement  for  mortar  cuahlon,  at  tl-OT 0.050 

O.OI  ciL  yda.  aand  for  mortar  cuahlon,  at  %0M O.OIT 

Total  material!   for   wearing  coat fZ.ZOT 

Labor  cm   Wearing  Coat: 

Men  on   cement  cushion lO.OiT 

Pavers  laying  wood  bloclta 0,013 

Paversf  tenders   0.04O 

""     ■  0.007 


Uan  apreadlnjc  aatid  over  blocka. . 
Supervlalon,  1%  of  labor 


Total  labor  on  WMUing  coat to.ooz 

Concrete  Bate: 

ICaterlala   for   G-fn.    concrete  t>aae SO, 430 

Labor  on  concrata ' baae,  IncL  S%  for  aup«rvlalOD...  .10.140 

Total,   excluding   grading    IZ.SG9 

Qradlng.    IncL    t%    for    eupervlalon 0.376 

Grand  total f3.I3E 

Ufa  of  Wood  Block  Pavamant.*— Mr.  William  Weaver  give*  tbe 
following  Engllrti  dAta : 

Wood  paving  ha«  received  my  apedal  attantlon  aince  ISTS,  whan  it 
waa  Into  extended  um> 

In  Kaoalngton.  Hay,  1883,  I  had  laid  experimental  areaa  at  creo- 
■Mad  wood  blocka.  reapectlvely  3  Ina.,  4  Ina.  and  G  Ina  deep.  Jointed 
ta  dUtareat  waya,  and  aa  the  reault  of  caieCul  obaervatloD,  I  advlaed 
nr  board  to  lay  4-lii.  creoaotad  deal  blocka  In  Sydney  place,  an 
oinnllnui  route  leading  from  FuUiain  road  to  Bouth  Kenatngton  ata- 
tlon.  Tbeae  blocka  were  laid  doae,  and  grouted  Ilrat  with  pitch 
•nd  then  with  Portland  cement,  tlw  work  being  carried  out  In 
Novonber,  ISS9,  and  the  blocka  laEited  imtll  June.  1901,  when  the 
Mad  WB8  recaved  in  a  aUnllar  manner. 

Tbe  conctudon  at  which  I  have  arrived,  after  my  exp«rlmenta 
Initiated    In    1883,    was    that   creosoted   d«al    fumiahed   the    most 

'Bnfftittrrhtff-ContTaatitig,  Sept.  IB,  1S09. 
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Hultable  and  economical  road  pavement :  further,  that  5-ln.  blocks 
loMed  as  long  a>  B-ln.,  and  that  4-ln.  creoeoted  bloclu  answered 
all  the  requlrementa  of  roads  wherd  the  traiDc  la  not  exceaalve. 
In  order  to  understajul  that  a  G-ln.  will  lust  aa  long  aa  B-in.  paving, 
It  muat  be  borne  in  mind  that  wood  pavlns  muat  t>e  renewed  as  soon 
as  Its  ceneral  aurface  ceaaea  to  drain  ItaeK;  and  thla  hapi>Mia 
when  the  blocka  formInK  the  haunchea  of  the  road  are  reduced 
bacgireen  1  In.  and  Z  Ins.  In  depth,  the  channel  or  watercourse  mean- 
while not  being  expoaed  to  similar  tralllc,  mifter  no  diminution  of 
depth. 

The  above  concluslona  are  fully  borne  out  by  Table  XIV  of  In- 
•taoceB,  extracted  from  my  annual  reports,  which  fumlahea  details 
of  304.220  yda.  of  B-ln.  and  137,161  yda.  of  4-ln.  wood  paving  laid 
In  Kenalngton  alnce  1887. 

In  connection  With  that  Hat,  an  Instructive  comparlaon  Is  fur- 
nished by  the  history  of  the  wood  laid  In  the  Hammersmith  road 
In  continuation  weatward  of  the  area  laid  In  Kenalngton ;  at  tlM 
^jne  time  (May,  1886),  Hammersmith  laid  down  S-ln.  plain  deal 
blocks  which  lasted  a  little  over  six  years,  being  replaced  In  July, 
1S9Z,  with  5-ln.  jarrah  blocka  After  elEht  years  the  M-rrah  blocks 
were  reversed  and  rebedded  In  July,  IBOD.  and  replaced  with  G-ln. 
creosoted  deal  In  July.  1903.  The  S-ln.  creoaoted  deal  adjolnlnK  In 
Kensington,  laid  In  Hay,  1S88,  lasted  ur.tll  September,  ISOl,  equal 
to  the  combined  lives  (less  two  years)  of  the  plain  deal  with  jarrali 
together. 

Further,  with  regard  to  the  above  schedule,  I  may  add  that  all  the 
roada  enumerated  are  omnibus  routea,  but  the  tralllc  on  eadn.  at 
courae.  varies  In  severity. 

In  conclusion.  T  would  point  out  that  by  reducing  th«  daptta  ot 
the  wood  (each  Inch  of  reduction  means  over  a  shilling:  per  yard 
saved),  and.  further,  by  about  doubling  the  life  of  the  wood  by 
creoBotlng.  wood  paving  need  no  longer  be  considered  an  expensive 
luxury,  but  muat  t>e  regarded  aa  a  sKnllary  and  economical  substi- 
tute lor  macadam,  where  costing  over  Bd.  per  yard  annually  to 
maintain.  At  the  same  time  It  must  not  be  lost  sight  ot  that  such 
substitution  has  a  tendency  to  Increaee  the  rateable  value  of  the 
abutting  property,  owing  to  the  Improved  appearance^  cleanliness 
and  quietude  of  ihe  road- 
cost  of  Aiphslt  Psvsment  In  Caillbmla.'-Through  the  ktndneM 
of  Ur.  Charles  Klrby  Fox,  C.  B.,  we  are  enabled  to  give  the  costs 
of  two  asphalt  paving  Jobs  In  a  Southern  California  city. 

The  first  piece  of  work  was  done  under  a  Vrooman  act  con- 
tract, the  contract  price  being  %IM  per  aq.  yd.  It  consisted  of  tlte 
constmctlon  of  pavement  on  two  blocks  of  streeL  The  street  wms 
41  ft  wide,  had  !■*  ft  concrete  gutter*  a  rise  of  6  Ina  to  8  Ina. 
and  a  grade  of  1  per  cent  It  drained  well  and  there  were  no  water 
boles.  The  pavement  consisted  of  a  6-ln..  1  r  ! :  •  oonerete  baa*  a 
1-ln.  binder  course  and  a  i-ln.  asphalt  wearing  suifac*. 

,-CentracHng.  April  1,  19SS. 
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Grading. — The  grading  cost  10.1133  per  SQ.  yd.  and  wa«  tfone  fcy 

the  iDllomlng  organlzBtlon : 

1  foreman,   at   (5 t  5.00 


IB,    part   time  on   Bleam    roller 

B  on  ploirlTiK 3.00 

at  tl IS.OO 

„  at  $4 H.OO 

■hovellns.   at   fS 28,00 


is  plovlng. 
is  hauling. 


Total,   BIO  sq.  yds. (75.00 

Concrete  Base. — The  B-in.  concrete  base  was  made  of  a  1:3:8 
inlxture.  On  Joh  No.  2  It  was  found,  however.  Chat  these  propor- 
tions did  not  work  well,  as  all  the  voids  were  not  filled,  and  that 
a,  1:3;B  or  1:4:6  mixture  made  a  better  concrete.  The  concieta 
was  hand  mixed  on  two  T  x  T-ft.  boards  In  the  followlns  manner: 
First,  the  sand  and  cement  were  dumped  on  the  board  and  boed 
across  and  wet ;  then  the  stone  was  dumped  on  the  mortar  Uid  tha 
whole  mess  pulled  back  and  forth  across  the  boards  and  set  on  the 
ground  In  about  the  place  It  was  to  occui>y.  In  the  meantime  the 
other  board  was  belns  (llled  up  and  the  operation  repeated,  the  flrK 
board  being  pulled  a  little  forward  and  refllled. 
secured  was  fair.  The  cost  of  mixing  and  placing  the  o 
as  follows; 

Per  cu.  yd.     Per  sq.  yd, 

0.93  bbl.  cement,  at  IS.SO 12.23  tO.tlO 

0.45  cu.   yd,   sand,  at  tO.gO O.Sl  Q.013 

O.S     cu.  yd.   stone,    at    tZ.OD 1.80  O.iSO 

Tools  and  water 0.13  0.018 

Labor  and   superintendence 1,30  O.ltC 

TotaJ     IB.?!  10.731 

The  wages  and  organization  of  the  gang  engaged  tn  mlxlns  nnd 
placing  the  concrete  baae  were  as  follows; 

1  superintendent,   at   tS I  E.OO 

1  timekeeper,  at  (3 3.00 

3  laborers,    at    33.    wheeling   sand 4.00 

3  laborers,  at  32.  wheeling  stone S.OO 

1  laborers,    at    fZ,    mixing 12.00 

1  laborer,  at  |Z.  tending  w~-~-  "  "" 


it  |2.  leveling  and  spreading 4.01 


1  laborer,    at    (2,    tamping.. 

Total,    31.7    cu.    yds.,    at    Jl.SO 333.00 

The  tools  used  were  as  follows; 

Two  7  X  7-ft.  mixing  boards,  7  wheelbarrows,  13  picks,  12  shore 
C  hoes.  300  ft.  of  hose,   I  tamper,   12  lanterns  and  1  tool  box. 
Bfitder, — The  l-ln.  binder  course  cost  as  follows: 

Asphalt,  at  330  per  tim 30,063 

Binder  stone,  at  (3  per  cU.  yd. O.OSl 

Labor  and  plant 0.04G 

Total     30.18* 
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Iba  I'liL  aaphalt  weariiiK  surtaM  was  mixed  In  a  plant  havlnr  ft 
nndtr  of  g  cq.  n.  The  tooli  used  In  connection  with  the  wearing 
"rface  work  oonrtrted  r>t  a  114-ton  (30-in.)  roller,  a.  SO0-ll>,  hand 
tMer,  a  Are  pot,  i  Wataon  wssons,  2  unoothers,  B  tampen.  C 
Ao*el&  2  dirt  picks,  S  a^halt  picks,  3  rakes,  6  brooms  and  4 
wheelbarrow*. 

The  coat  of  the  S-ln.  aspbalt  wearing  surface  was  an  follows: 

Asphalt,  at  «0  per  ton 10.19! 

Sand,  at  tl  per  cu.  7d 0.04B 

Dust,  at   tlO   per  t<Hi 0.090 


Plant    0.19S 

Total    |0.ltl 

The  high  plant  charge  of  19.8  ctB.  whs  due  In  part  to  the  mlzlog 
plant  This  occupied  two  can.  In  addition  the  Job  was  veiy  email, 
conriitlng  of  two  i30-tt.  by  40-ft.  blocka 

The  wages  and  organixation  of  the  gang  «ngaged  In  the  wearlnc 
wrtace  work  were  aa  foUowi : 

Superintendent,    at    fB |  G.OD 


-    IS 

mixer  htiper,  at  tS.GO 

mixer  dli^r.  at  11.50 

men  shoveling  to  heater,  at  tS.OO.. 


t  (2.10 

t  12.60.. 


amoother,    at 
tamper,  at   t2 

engineman'  on  folleif,  at  j's.BO s!eD 


sweeping,   at   ts.. 

Total tefCtio 

The  second  piece  ot  work  was  dona  In  the  fall  of  190T  b7  private 
Mntiact.  at  a  contract  price  of  tl.89  per  sq.  yd.  The  work  con- 
^•ted  of  the  construction  of  pavement  on  Ave  blocks  of  streets  and 
foor  Blleya  The  streets  were  18  ft.  wld<^  had  a  rise  of  t  ina,,  and  a, 
grade  of  1  per  cent;  they  had  no  gutter*.  The  allnrs  were  10  ft 
wide  and  had  a  grade  of  0.4  par  cent  to  1  per  cent.  The  alley  that 
had  a  I  per  c«»t  grade  drained  well,  but  those  where  grade  wa» 
iMi  had  to  be  Ironed  out.  The  alleys  had  no  gutters,  Gipertence 
In  the  city  where  this  pavement  was  laid  has  shown  that  If  the 
(Utters  tall  more  than  U  In.  to  the  foot  the?  can  be  made  to  drain 
by  nMng  the  straight  edge.  If  the  fall  Is  lees  than  %  In.  there  win 
he  water  bolea.  Where  the  gutter  has  to  be  raked  tt  was  found 
advisable  to  have  double  the  fall  per  toot.  The  pavement  consisted 
of  4-In.,  1:3:0  concrete  base,  a  l-ln.  binder  course  and  a  2-ln. 
wearing  surface. 
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Gradtng. — The  gmdtnK  was  done  by  anolher  contractor  and  eo»l 
I0.DS9  p«r  square  yard,  tlie  work  being  done  by  tbe  foUowliw  force: 

1  foreman,    at    ti t  SToff' 

U  timekeeper,  at  IS l.GO 

I  englneman,    at   |3.    oart   time  on   Meun   roller 

and  part   time  plowing..  *" 


I  teaniB  plowing,  St  t^ S.OO 

S  teams  haullnx  dirt  away,  at  (4 32.00 

i  laborers  ahovellnc,  at  %S IC.OO 


Total    (83.50 

Ctmcrele  Boat. — The  concrete  base  was  laid  by  the  contractor 
who  did  the  grading.  The  concrete  was  mixed  In  a  Ransome  mixer, 
a  S  cu.  f t.  barrow  of  sand  being  dumped  into  the  mixer  flnrt,  then  1 
cu.  ft,  of  loose  cement  and  Anally  two  barrows  of  Mono.  After  sev- 
eral turns  of  the  mixer  the  mass  was  diecharged  and  taken  In 
•coops  by  the  laborers  and  put  Id  place.  Two  laborers  ^read  the 
mixture,  two  Uborers  Ipvded  It,  and  two  more  laborers  tamped  It- 
The  mixture  was  as  wet  as  It  could  be  without  the  mortar  running 
from  the  stone.  Each  wheelbarrow  man  had  two  helpers  The  gang 
usually  consisted  of  28  men;  43  men  were  the  most  that  could  be 
used  to  advantage.  The  concrete  on  this  Job  was  better  than  that 
on  the  first  Job.  The  cost  of  the  4-ln.  concrete  base  was  as  follows: 
Per  cu.  yd.     Per  sq.  yd. 

O.SS  bbL  cement,  at  13.00 IZ.GS  |3.ie 

0.4S  cu.  yd.  sand,  at  10.80 O.tl  .      0.034 

0.91  cu.  yd.  stone,    at    II.OC 1.S3  0.201 

Labor  and  superintendence 0.974  0.108 

Rent  of  machine,  repairs,  oti D.Hi  0.O2T 

Total     |8.20~  |0.«iT 

The  stone  used  In  the  concrete  waa  hauled  from  cars  about   H 
mite  distant  the  cost  of  unloading  and  hauling  being  as  follows: 
P«rcu.rd. 

Foreman,   at   83 tO.OS 

Laborers,   at   83 16 

Teams,    at    84 II 

Total     I0.3T 

This  cost  Is  Included  In  the  82  In  the  table. 

The  wages  and  organisation  of  the  force  engaged  Id  mixing  ftod 
placing  the  concrete  t>ase  were  as  follows: 

1  foreman,  at  8100  per  month t  4^00 

1  engineman  on  mixer,  at  8S-S0 S.fiO 

1  handyman,   at   8^.50 i.EO 

1  team,    at    (4 4.D0 

I  laborer  tending  mixer  discharge,  at  82 t.OO 

t  laborers  carry  and  measure  cement,  at  tJ--..  1.00 
t  laborer   at   fi   wheeling   sand,   aDd    1   laborer 

at    (i    helping 4.00 

>  laborers  at  \i  wheeling  Stone,  and  8  laborers 

at  82  helptnK S.OO 

I  laborers   dumping  concrete,  at  82 4.00 

t  laborers  tsmplng.   at  J! 4.00 

I  latmrers  talcing  concTMs  from  machine,  at  88.,   18.00 

TotaL  (0  CO.  yda 8GS.0D 
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n  evIdentiT  forked  with  no  enerfy,  &■  la  ihowii 
by  tb^T  miserably  Bmotl  output  wltb  a.  good  planL 

The  plant  used  coiuristed  □(  a  Ramome  concrete  mixer  with  t  h-p. 
EUolln«  engine  mounted  on  wheela.  one  1  cu.  ft  cement  box,  four  3 
en.  ft.  wh«elt>arrowB,  IS  acoopa,  12  Kbort-b«ndl»d  sBovela,  18  long' 
budled  Aovela.  1!  plcki;  400  tt.  of  liooe.  three  tampera,  12  lantema 
ud  one  tool  box. 

Bftuler. — The  atone  uaed  In  the  binder  had  the  dual  Bcreened  out 
and  waa  pojned  through  a  1%  In.  screen.  It  was  found,  however, 
that  thla  did  not  leave  anoufAi  fine  Ituff,  pea  alie  or  thereabouta,  ao 
■creenlnB*  frum  the  Band  were  token  and  from  Uils  was  acreened 
Dat  all  partlcies  above  1  In.  In  die.  One  part  of  Iheae  screening! 
was  mixed  with  two  parte  of  brolien  stone  and  heated  to  200°  F. 
Four  cnble  feet  of  thla  waa  mixed  with  27  Iba  of  melted  aaphalt 
""■^'"g  a  strong  binder.  The  coat  of  the  binder  was  .|0.1Tt  per 
■mare  yard. 

The  wearing  surface  was  mixed  in  batches  of  the  proportion  of 
1  ea  ft.  of  sand,  heated  to  about  3DD*  F.,  3D  Iba  of  cold  dust,  and 
M  Iba.  of  melted  awhalt.  These  were  mixed  very  thorou^ly,  usual- 
ly taUns  1<4  minutes  to  the  hatch.  The  mixture  usually  arrived  on 
the  street  at  about  280°  F.  tt  waa  found  that  a  4  cu.  ft.  batch  would 
lay  about  20  sq.  ft.  of  S  Iil  aurfaca  The  coat  of  the  wearing  sur- 
bce  was  10.519  per  square  yard. 

The  wages  and  organisation  of  the  force  engaged  In  preparing  and 
laying  the  binder  and  the  wearing  surface  were  as  follows : 

1120  per  month t  sM' 


3.00 


.  __  IS.60.. 

man    ahovellng    aand    and    1    n 

marble   dust,   at   tt.SO 

■r^rnmr  team,  at  M.OO 

hauling  to  atreet,  at  tl.tl 
IS-lfO.. 


1  on  roller,  at  1 


engliieman  on  i 

ratere,   at   tS.Oi 

.  ahovdera,  at  t2.S0.. 

I  hand   roller  men,   at   »x,au a.uu 

>  tampers,    at   la.BO S.QO 

Total    tSt.eo 

The  plant  uaed  conststed  of  a  4  cu.  fL  mixer,  a  5  ton  (33  in.) 
roller,  a  seo  lb.  hand  roller,  a  Are  pot,  3  Watson  wagons  and  teams, 
*  scraper.  3  rakes,  1  shovels,  2  tampers,  i  smoothers.  1  asphalt  pick 


Banwiarv- — A  Bummary  of  tl 


I  costs  of  the  two  Jobs  Is  as  follows : 


to.osj 

0.887 
0.171 


taW     »1.904 
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Job  2  had  more  material  and  better  workmanihlp  per  unit  tluut 
Job  1.  It  woB  better  manaKed,  especially  In  the  aaphalt  department. 
Job  1  had  an  ajphalt  mixer  requlrinK  two  cars  to  move,  while  on 
Job  i  the  mixer  required  but  one  car,  hut  it  coat  more  to  move  the 
latter.  The  small  plant  waa  the  moat  economical.  On  concrete  work 
the  loat  time  of  steady  pay  men  when  they  were  not  mizlns 
amounted  to  about  10  cts.  per  cubic  yard;  uaually,  however,  when 
the»e  men  were  not  mixinK  they  were  engaged  on  other  work. 

Cost  or  77,200  Square  Yards  Asphalt  Pavement.*— Mr.  F.  E.  Putter 
gives  Ihe  following: 

The  cost  o(  laying  TT.ZOg  sq.  yds.  ol  a^halt  pavement  In  an  eaat- 
em  city,  which  was  a  eeasao's  work,  waa  as  loUowa: 

The  price  paid  lor  common  labor  waa  ll.SO  a  day,  and  tS  a  day 
for  team  and  driver. 

Orading  ttreel:  Per  sq.  yd.     Per  sq.  yd. 

Sundries    fO.OZl 

I«bor   O.aoi 

Teams  ((E  a  day) O.OST  fO.SlI 

Concrete  bate  IMn.); 

0.17t  bbl.  natural  cement,  at  fO.B3 t0,144 

O.OGG  cu.  yd.  sand  delivered,  at  SD.Sg....   0.054 

0.176  cu.  yd.  etone  deUvered,  at  tl.Sa 0.285 

Sundries   9.01S 

Labor  laylns 0.094 

Labor,  general 0.001  |0.t9S 


B^ndar  (1%  tnt.j; 


..|0.1Bg 

. .  o.oie 


Fuel    . 

-      iBI 

Laborl  laying" ,...7'. .'.'.".'. '.'.'.'.'.'.'.'.','.'.'.'.  oiosi 

Labor,  guieral  0.001 

Team*,  hauling  (fS  a  day) 0.D34 

8iirrac«  fC-fK.;.- 

HaterlalB    t0.(46 

Fuel    0.02i 

Tools  and   sundries 0.0E4 

I«bor,  yard   (mixing,  etc.) O.OiZ 

lAbor,  laying   0,041 

Labor,   general    O.OiS 

Teams,  hauling 0.03G 

Sala'ries    .  .'^ 10.018 

Rent  and  eiipenae* 0.014 

Plant,  etc.    O.OtS 


t0.057 


Grand  total tZ.l>t 

The  exact  proportions  of  the  materials  used  In  the  binder  and  In 
the  surface  coata  are  not  available,  but  the  prices  paid  lor  materials 
and  supplies  were  as  follows: 

Binder  stone,  per  cu.  yd $  1.00 

Asphalt,   per  ton GO.Tt 

Petroleum  residuum,   per   gal 07% 


C^l  (anthracite)  uned  in  dryera  per  ton 
Coat  (soft)  used  under  boilers,  per  ton. . 
Wood  to  heat  asphalt  tanka  per  oord. . 

*Snplneertiig^oiitTact1ne,  Feb.  G.  lOOS. 


.«S 

(.to 

S.OO 
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It  will  ba  noted  that  the  coat  of  the  asphalt  waa  much  higher 
than  It  la  at  preoant,  tha  preaent  price  being  about  ISO  a  ton.  Slnca 
thera  are  about  4  Iba  of  aephalt  per  sq.  yd.  of  binder,  and  about 
1)  Iba.  per  aq.  yd.  ol  eurface  coat,  the  difference  of  |:0  a  ton  (of 
1  et  per  U>.  of  asphalt)  would  reduce  the  above  given  coata  by  4  ct& 
per  aq.  yd.  of  binder  and  19  ct&  per  iq.  yd.  of  surface  coat. 

An  old  plant  having  a  value  of  about  (23,000  waa  used.  The 
Dlant  Tvoeira  amounted  to  (1,GZE,  OT  2  Ct«.  per  eq.  yd.,  which  la 
unusually  low.  Ordinary  plant  cbargea  are  about  7%  eta.  per  eq.  yd. 
where  a  rosdem  slant  la  used,  but  in  sucb  caaes  the  labor  cost  Is 
lower  than  In  this  case.  I  faave  mode  no  allowance  for  Interest  on 
and  depreciation  of  plant. 

The  fallacy  of  attempting  to  eetlmate  the  coat  of  asphalt  pave- 
ments from  a  single  day's  operation  Is  clearly  shown  by  comparing 
Ihe  records  of  costs  on  different  Jobs  extending  over  considerable 
periods  of  time.  Harked  differences  of  cost  occur,  arising  partly 
from  variations  in  local  conditions,  and  partly  from  the  varying 
afflclency  of  the  worlrars,  and  partly  from  the  exactions  of  the 
Inspector. 

The  following  are  ihe  costs  of  three  different  streets,  showing 
how  costs  vary. 

Contract  A  was  performed  under  fovorable  weather  conditions 
on  a  suburban  street,  close  to  the  source  of  supply  of  concrete  ma- 
terials and  far  from  the  paving  plant  The  coat  was  a  little  below 
the  eeaean'B  average  above  given : 


(a,lB4  sq.  yds.) 

Total 

Qrading  afrsM.-  Per  sq.  yd.     Per  sq.  yd. 

Sundries   fO.OlS 

lAbor D.123 

Teams    0.089  t0.231 

Concrete  bate  (t-ln.): 

Natural  cement,  at  tS.gSS  per  bbl ID.liS 

Band,  at  tO.91  per  cu.  yd O.OGl 

Stone,  at  11.77  per  cu.  yd. 0.296 

Sundries     O.OIG 

Labor     0.093  I0.G82 

Binder  (m-in.): 

Hatertals   10.193 

Pool  0.011 

Tools  and  sundries 0.002 

Labor,    yard 0.024 

lAbor,  laying 0.O24 

Team*    ba^ng 0.024  10.277 

Btirtaoe  ft-tnj: 

Haterials I0.B7S 

Fuel   0.02S 

Toole  and  sundries 0.0G5 

Labor,  yard 0.O47 

Labor,  laying    0.013 

Labor,  general   0.0S9 

Turns  hauling    0.03G  (0.907 

General    expense    t0.042  t0.043 

Oraiid  total |3.04> 
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Contract  B  was  ttie  last  contract  ol  the  aniM 
unfavorable  but  not  severe.  _  Lenstti  of  tiaul  waa  lesa  than  Cha  avei^ 
aga  for  the  season.  The  forces,  except  asphalt,  were  sOTnewhaC 
demoralized  by  the  fact  ihat  the  ]ob  would  aoon   end.     The  com 

was  naturally  M^ 


(£.278  sq.  ydK) 

Sundries    

CoNcrele  bate  fl-t».f: 

Canient,  at  I0.B1B  pOT  bbl 

Sand,  at  U.lB  per  cu.  yd. , 

Stone.  lit  tl.93  par  cu,  yd. 

Tools  and  sundrlee 0. 

Binder  OM-m.). 

HaCerlala    tO. 

Fuel   

Labor,  yard  . 

Labor,  laylnit 

Teams  haulins 0. 

Bartace  (l-ln.}: 

Material 

Fuel    

Tools  and 
LAboT,  yard   . . 
Labor,  laying 
Labor.  KBneral 
Teama  IiaullnR 


Oeneral  expense 

Qrand  total   

Contract  C  varies  from  the  others  In  hnvlns  a 


12.11 


IVi-ln.  surface  specined. 

we*  laid  thicker  than  speclHed,  due 

been  used  to  laying  any  light  pavement  tl 

located  near   the  paving   plant,    also   nmr 

cement,  etc.     The  weather  was  good.     The 


:t  and  a 

astihalt 

the  fact  that  the  men  had  not 

ml  that  year.     The  work  was 

nmr    the   source  of  supply   of 

was  naturally  low. 


(:.404  sq.  yds.) 

Oradino  tlreel:  Per  St],  yd.     Feraq.ytf 

Sundries    »0,0S1 

lAbor     0.1  la 

Teams     0.091  |0.3I1 

ConcTtU  ba%t  (t-1n,): 

Cement,  at  *0.87e  per  bbl fO.IEI 

Sand,  at  (O.TI  per  cu.  yd 0.031 

Ston*  O.tOS 

Tools  and  sundries 0,010 

I^bor O.D«l  )D.4I» 
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Materials   fo.isa 

Fuel (i.0«» 

BimdrteB    e.OOl 

Labor,  yard 0.02  7 

Labor,   laylns  0.020 

Teams  hauling O.OOE            fO.SlS 

Burface  (t^-bt.}: 

HaterlalB    t0.49I 

Fuel    O.OIB 

Tools  and  mindiiet 0.042 

iMhdT,  yard   ..........................  0.043 

Labor,   laylDR   4-0(2 

Labor,   general    0.022 

Teams  baullns O.OOT            fO.SVO 

Ofluers]  expense  fO.OGT  I0.0G7 

Grand  total (1.661 

Cost  of  Acphalt  Pavamants  at  Winnipeg. — The  tallowlns  data  are 
elm  by  H.  N.  Rutton.  City  E^ngtneer  of  Winnipeg,  Manitoba,  on  the 
cost  of  laying  asphalt  with  e.  municipally  owned  planu  In  1SS9,  the 
Glly  pnrchaaed  a  eecond-hand  etatlonary  plant  for  |1Z,SZ2,  and  made 
Um  following  additions: 

New   lO-toQ  roller   I  3.^00 

New  Aeda^  etc. T83 

Tools  bou^t  1299 2S2 

Tools  bouBht  1900 121 

Maintenance  189»   6G8 

Maintenance  1900  1,048 


The  maintenance  Items  conalstod  tarEcty  In  repalra  to  the  second- 
hand plant  necesBBry  to  put  It  In  flrHt-class  condition.  The  plant 
includes  £  awhait  melting  tanks,  sand  drum,  cold  and  hot  sand  ele- 
vator^ millstone  tor  grinding  limestone,  Btorage  tank  for  hot  aeplialt, 
storage  bins  for  ground  llmf'Slone  and  hot  sand,  mixer  of  T  cu.  ft. 
capacity.  SO-hp.  boiler,  30-hp.  engine,  air  compressor  and  receiver, 
i-ton  roller,  lO-ton  roller,  and  accessories.  The  force  required  to 
opiate  the  mixing  plant  was  as  follows: 

I  superintendent I  S.OO 

" ■ 3.00 


4.00 


_ .  sand  and  limestone 2,0( 

and  limestone  shovelers S.0( 

1  keeper 4.0( 

for   odd   Jobs 2,0( 

(31.01 

■a  of  wages,  but  it  la  stated  t 
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total  cost  of  operating  was  (40  a  day,  which  doubtlsu  Includea  tlM 
cost  ot  IM  or  !  tons  of  coal.  It  Is  statsd  that  In  1900  the  uricea  of 
materials  a^d  labor  wer«  as  followi^  on  cars: 

Asphalt,   per   short  ton 110.00 

Portlana  cament,  per  bbL 3.(5 

Sand,  per  cu.  yd. l.tE 

Broken  stone,  per  cu.  yd. I.ID 

*  Common  labor  Is  said  to  have  been  17%  to  20  cts.  per  hr. ;  teams, 
40  eta  per  hr. 

Asphalt  pavement,  conalBtlnc  of  lK-)n.  binder  and  S-tn.  wearing 
aurlaca,  laid  on  a  4^-ln.  Portland  cement  concrete  foundation,  coat 
|I,04  per  sq.  yd.  (or  materials  Euid  labor.  The  concrete  foundation 
cost  (0,74  per  sq.  yd,,  leaving  (1.30  per  sq.  yd.  (or  the  asphalt  and 
the  Kradlnc.  It  will  be  noticed  that  loterest  and  depreciation  are  not 
Included. 

The  plant  has  a  capacity  of  1,000  sq.  yda  of  Z-ln.  wearing  aurfaca, 
or  l.GOO  sq.  yda  of  IH-ln.  binder,  which  la  equivalent  to  saylns  that 
It  has  a  capacity  of  about  00  cu.  yda  o(  asphalt,  measured  In  the 
street  per  day  o(  9  hrs. 

In  1899  the  city  laid  45.800  a*,  yds. ;  In  1900,  It  laid  SS.OOO  aq.  yda 
It  we  assume  30.000  sq.  yds.  as  a  fair  average  for  a  term  ot  10  years, 
the  plant  would  pay  for  Itaelf  by  charglnB  8  cts.  per  aq.  yd.  (or  plant, 
and  It  would  be  occupied  about  £0  days  of  actual  work  per  year. 
But  we  ahould  not  lose  alsht  of  the  fact  that  the  services  ot  an 
expert  to  run  the  plant  could  not  be  aecurcd  on  the  basis  of  a  tew 
dollars  a  day  (or  only  a  email  Iroctlon  ot  the  year.  Indeed  the 
coat  of  an  expert's  annual  salary  alone  mlKhl  very  easily  run  Up  the 
coat  an  amount  equivalent  to  10  cts,  per  sq.  yd. 

Since  the  above  was  written  I  have  secured  the  (ollowlng  addi- 
tional data  tor  the  year  1903.  The  plant  has  been  enlarged  and  Its 
estimated  value  la  now  (21.082,  The  chargea  agalnat  this  plant  for 
the  year  1903  were  na  follows: 

Maintenance   nnd    repairs (i,29T 

"t    coat  of  new  tools 330 

4%  interest  on  (31.08! (13 

5%  depreciation   on    (31.082 1,054 

Iiosi  taxes    100 

Total  plant  charge.  (5,381  sq.  yd*,  at  (.S3  cts.. (4,530 

In  1903  there  were  laid  BG.Kl  sq.  yda,   so  that  the  charge  (or 

plant  was  1,93   els.   per  sq.  yd.     The  soil  Is  clay  and  upoa   It  Is 

spread  S  Ins.  of  snnd  and  gravel  before  laying  the  concrete  bkae. 

The  cost  ot  the  pavement  In  1903.  Including  grading,  waa  as  follows! 

Per  sq.  yd. 

Orading.  Including  cross-drains (0,1( 

Sand.  i-ln.   foundation O.lt 

Concrete  *%  laa  thick 0.(S 

Binder  coal 0.3« 

Surface  coat  O.M 

Plant  charges O.OT 

Total    (1.(0 
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nie  prices  paid  for  maurlalfl,  f.  o.  b.  Wliuilp«K,  In  1>0),   wera 
a«  follows : 

Fortland  cement,  per  bbl 1  2.98 

Broken  Btone.  per  ou.  yd. 1,30 

Sand  and  sravel,  per  cu.  yd. l.OU 

Cnuhed  Eranlte,  per  cu.  yd. G.OO 

Aq>lialt,  per  ton 28.17 

Ifaltha.    per   Imp.    bbI 0.12 

Common  labor,  per   9-tir,   day tl.SO  to     2.2G 

Skilled  labor,  per  s-hr.  day 2,70 

Foremen     tS.OO  to     4.00 

Saperlntendlng  chemist  (for  G  or  8  mos.) S.00 

Ur.  RuEtan  Informs  ma   that  a   2-1d.   surface  coat   (Bermudei) 
costs  as  follows  at  the  mixer : 

0.08  cu.  yd.   (13G  lbs.)  sand,  at  tl.ae 10.081 

SI  Iba,  dust  at  12.80  per  ton 0.02T 

l.S  Iba,  oil,  at  1^  cts 0.043 

IS  Iba  Bermudei  (gross),  at  1.03  eta 0.291 


Labor  at  the  mlilug'  plant. 
Fuel    (wood) 


Total,  at  the  mixer tO.BlT 

Thl«  slves  a  weight  ol  117  lbs.  per  cit.  ft. 

Cost  of  Laying  Aiphait  Pavement.— The  followinx  shows  tba 
labor  cost  of  laying  asphalt  on  a  concrete  base  at  Rochester.  N.  T. 
A  binder  coat,  ^-In.  thick,  was  first  laid ;  then  a  wearlnK.  or  sur- 
face coat  1^  Ins.  thick;  making  a  total  of  Z  Ins.  The  gang  consist- 
ed of  IB  men,  working  part  of  the  time  on  the  "binder"  and  part  «f 
the  time  on  the  "surface  coat,"  ae  follows: 

Binder  gang.  Surfacing  gans- 

4  barrow  wheelers.  E  rakers. 

2  rakers  2  tampers 

£  tampers.  2  Bmoothera. 

1  wagon  unloader.  1  cement  spreader. 

1  tar  melter.  I  iron  heater. 

1  Iron  heater.  1  foreman, 

1  foreman.  — 

The  binder  gang  averaged  2.2CI0  sq.  yda  (=  31  cu.  yda)  In  10  hr& 
of  ^-In.  binder  coat  laid,  although  they  frequently  laid  330  sq.  yds. 
In  an  hour.  The  aurfaclng  gang  averaged  1,800  sq.  yds.  (=75  cu. 
yda.)  of  IW-ln.  surface  coat  in  10  hra,  although  they  frequently  laid 
280  sq,  yd&  In  an  hour.  There  were  two  aaphalt  steam  rollers  con- 
stantly at  work,  with  this  gang  of  16  men.  In  laying  several  thou- 
sand yards  of  this  2-ln.  aqriialt  pavement,  I  found  the  average  labor 
cost  to  be  as  follow*  the  gang  laying  1.000  sq.  yds.  per  day; 

IS  laborers,  at  SI. SO (22.50 

I  foreman,  at  $4.00 4.00 


roUera.. 


Total  for  1,000  sq.  yds.  of  2-ln.  asphalt,  at  3%  cts..  .|36.00 
Thte  Is  equivalent  to  3^   cts.  per  sq.   yd.  for  laying  and  rolling, 
or  11  cts.  per  cu.  yd. 
The  haul  from  the  mixer  to  the   street  was  3  miles,  and  each 
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team  made  t  trlpa  dally,  averaglDC  only  1^  cu.  yds.  of  loose  ma- 
terial par  load.  It  took  t%  cu.  yds.  of  loose  material  In  the  waKona 
to  make  2  cu.  yds.  packed  by  the  roller,  or  a  Bhrtrika«a  or  K%. 
The  wagons  ware  alat-bottom  wagons,  and  it  took  al>ouc  8  mlua  to 
dump  a  wacon,  but  fully  as  much  more  tlmo  was  loit  waiting  for 
other  wagons,  turning  around,  etc.,  which  time  was  made  up  by 
trotttog  back.  There  were  IT  teams  kept  busy,  at  |3  per  day  each, 
maklnjT  the  cost  G  ct&  per  aq.  yd.  for  hauling  the  a^halt  S  milea 

Cost  of  Asphalt  Pavement,  New  York.*— In  the  following  tabuU- 
tlon  Is  given  the  labor  cost  to  the  contractor  of  laying  8,900  sq.  yda 
of  asphalt  pavement  on  Broadway,  from  110th  street  to  listb  street, 
west  Bide,  New  Tort  The  work  was  done  in  November,  1904,  The 
wages  paid  were  on  the  basis  of  an  8-hr.  day.  The  concrete  founda- 
tion for  the  asphalt  pavement  was  5  Ina  thick  and  was  composed 
of  1  part  of  cement.  S  parts  of  sand  and  (  parts  of  broken  stone; 
In  preparing  the  concrete  for  the  tonodatlon  a  Poote  mixer  was  used. 
The  InelHciency  of  the  concrete  workmen  Is  well  shown  by  the  fol- 

Concrete:  Per  so  vd. 

,   O.OOS  day  foreman,  at  13- T 5 10  OS 

0.162  day  laborers,   at   11.50 2(S 

O.OOS  day  teams,   at    tS.OO 04 

0.008  <!ay  steam  engine,  at  |3.E0 io28 

Total  concrete  labor,  per  sti,  yd t0.J4 

O.DOOl  day  foreman,   at   t4,00 tO  0016 

O.DOug  day  englneman,   at   14.00 0032 

0.0063  dny  labor,    spreading,    nt    11,76 Oil 

0.0009  day  labor,  ramming,  at  |2.25 002 

Total  binder,  per  aq.  yd. tO.OlS 


o.ooio  day  englneman.  at  14.00 004 

O.DOTO  day  labor,    spreading,    at    fl.TG 012 

0,0008  day  labor,  raking,  at  12.60 002 

O.0009  day  labor,  ramming,  at  t2.2E 002 

O.OOIO  day  labor.   Ironing,   at  |2.60 004 

Total  surface  coat,  per  sq.  yd 10.033 

The  binder  was  1  In.  thick,  and  the  surface  coat  was  1^  Ins- 
thick,  making  a  total  of  2M  ins.  of  aq>halt  It  will  be  seen  that  the 
laying  cost  of  laying  this  asphalt  was  1,8  cts-f-  3.S  cts.  =  4.1  eta.  per 
sq,  yd. 

Cost  of  PaUhlng  Asphsit,  Indianapolis,  Ind.t— Mr.  B.  R.  Murray 
gives  the  data  upon  which  the  following  Is  based. 

Work  on  the  municipal  repair  plant  of  Indianapolis,  Ind,.  was 
begun  on  April  18,  lOOS,  and  on  June  16,  1908,  the  flrst  asphalt  mix- 
ture was  turned  ouL  The  plant  was  made  by  Werthlngton  *  Bemer 
and  has  a  capacity  of  1.200  sq.  yds,  of  2-ln.  asphalt.  The  total  cost 
of  the  plant,  one  S-ton  steam  asphalt  roller,  tour  dump  wagons.  Are 
wagons,  offlce  building,  roller,  stone  dust  and  tool  sheds  and  all  tools 

1906. 


Surface,  or  wesrlnc  coat. . 
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aeccoBBry  to  carry  on  ths  work,  BUiounted  to  tZ0.GE7.SB.     ThiB  olio 
Includes  the  coat  of  Eradlng  oft  the   yard  for  plant,   puttlOK  brick 
Uriveway  under  mlier  and  cement  floor .  around  cold  sajid  elevator. 
Tbe  plant  Itwlf  coM  fIG.GlB. 
Between  Juae  IS  and  Dec  31.  the  following  waa  the  plant  output: 

Surface  mixture   16,691 

Binder    1,7S0 

Total    1S.421 

A  "box"  waa  B  cu.  ft  of  mixed  material  measured  at  the  planL 
Hence  the  total  output  waa  186,TS$  cu.  fL  of  surface  and  binder, 
meaaured  before  roUlng.    With  thla  tbere  were  laid : 

l3:iS' 

ii.aii 

It  will  be  seen  that  each  box  O  cu.  ft-)  of  surface  mixture  made 
5.G1  aq,  yds.  of  wearing  surface.  Indicating  that  the  wearing  surface 
meamred  2.17  Ina  thick  before  rolling.  If  It  waa  compressed  Stffc 
under  the  roller,  the  thickness  was  reduced  to  1.4G  Ina  If  It  waa 
compressed  lfl1i%  <a  common  aaaumpUon)  the  thlcknesa  waa  re- 
duced to  I.S  lua 

The  total  coat  of  SS.9P8  eq.  yds.  of  wearing  surface  (without  any 
binder)  l^d  In  repairing  GO  dUTerenC  streets  was  tGl,9D0.  or  t0.e2K 
per  aq.  yd.  for  all  expenses.  Including  Interest,  at  G%,  on  the  ISa.SOa 
plant  far  iVi  mos.,  and  depreciation  at  6%  for  8^  moa 

This  }0.62G  per  aq.  yd.  la  equivalent  to  %ZAi  per  box  of  3  cu.  ft. 
or  tO.39  per  cu.  ft. 

The  work  waa  dona  on  the  same  basla  as  other  cits'  work.  8  hra: 
per  day.  and  was  performed  under  the  moat  favorable  condltlona.  aa 
a  great  many  of  the  repairs  were  large  and  cloae  together.  Only 
one  day  was  tost  account  of  rain,  and  four  days  lost  waiting  for 
material. 

Oais  seven  hours  were  lost  oo  account  of  the  plant  not  being  ready 
when  called  upon ;  two  hours  on  account  of  the  breaking  of  a  driv- 
ing pinion  and  Ave  hours  for  replacing  brick  work  In  the  furnace 
under  the  aand  drier.  This,  It  will  be  noted,  la  a  vary  amaU  loaa  of 
time  when  It  I*  considered  that  the  plant  turned  out  18,421  boxes 
In  all. 

Maltha  California  asphalt  waa  used  for  the  most  part  on  the  re- 
pair work;  but  on  account  of  the  West  MIchlRan  St,  being  under 
guarantee  and  specIflcaUons  calling  for  thle  material,  Trinidad  Pilch 
Idke  asphalt  waa  used  In  its  resurface,  which  Involved  9, GOO  sq.  yds. 

Petroleum  residuum  was  used  as  a  Dux  and  the  very  best  of  ma- 
terial and  workmanship  were  used  throughouL 

The  cost  of  materials  used  ta  the  plant  was  as  foUowa 

California  asphalt   |23   per  ton. 

Trinidad  asphalt,  (29  per  ton. 

Limestone  dost,  )S  per  ton. 

Residuum  oil,  average  E  cla  per  gal. 

Sand,  90  eta  per  cu.  yd 

CotnmoD  labor  was  paid  iO  eta.  per  hour,  Allied  asphalt  men  re- 
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celved  }2.G0  per  8-tir.  day.  teams  were  pa[d  for  at  rate  at  (S.GO  per 
day,  roller  enslneera  re(«lved  (3. GO  per  day,  and  foremen  received 
(4  per  day. 

High  Co>t  of  Patching  Alphalt,  New  Orkani.* — Tbe  total  amount 
o(  oaphalt  pavement  In  Nen  Orleana,  maintenance  of  which  by  Ita 
constructora  had  orplred  prior  to  Jan.  1.  1908,  was  B49,74»  aq.  yds, 
Of  this  amount  89B,G36  aq,  yda  Is  to  be  maintained  by  the  city,  and 
1G1,213  an.  yda  by  the  New  Orleans  Ry.  &  Light  Co. 

In  order  to  care  for  thlB  pavement  the  city  decided  to  erect  a 
plajit,~and  accordingly  In  1904  asked  bids  for  furnishing  and  erecting 
a  repair  plant.  The  speclflcatlonH  under  which  blda  were  asked  gave 
the  fullest  latitude  to  bidders  In  designing  the  arrangement  of  the 
plant  and  In  selecting  the  machinery,  apparatus,  flxturea,  etc.  It 
was  required,  however,  that  (he  plant  be  operated  with  coal  aa  a 


Fig.  12.     Asptialt  Plant. 

fuel,  and  that  It  be  capable  of  turning  out  each  tO-hr.  worUng  day 
not  less  than  1,000  sq.  yds.  of  binder  when  laid  I  'A  Ina  thick  alter 
comprcBBlon  on  the  Htrcet.  or  1,000  sq.  yda  of  pitch  asphalt  wearing 
Burlacf  when  laid  Z  Ins.  (hick  after  compregalon.  The  Warren  Bros. 
Asphalt  Paving  Co.,  of  Cambridge,  Uasa.,  was  the  only  bidder,  and 
on  Dec.  5.  I90G,  Its  bid  was  accepted.  The  plant  waa  accepted  by 
the  city  on  Aug.  21.  190S.  A  report  on  the  operation  at  (he  plant  (or 
the  ye.ir  ending  Aug.  31.  1907,  hae  Jviat  been  made  by  Mr.  W.  J. 
Hardee,  City  Engineer,  and  from  this  report  has  been  taken  the 
matter  In  this  article. 

The  plant.  Fig.  12.  was  erected  In  a  lot  of  ground  176  ft.  x  260  O., 
owned  by  the  city  and  formerly  employed  tor  garbage  dlspoaal  pur- 
poaes.  The  plant,  furnished  and  erected  by  (ho  Warren  Bros. 
Aaph.ilt  Paving  Co..  covcra  about  1,500  aq.  ft,  of  ground  and  oon- 
BlB(B  of  a  building  formed  of  concrete  foundation,  brick  walls  and 
floors  and  roof  of  ateel  beams,  expanded  metal  and  cinder  concrete. 
The  boiler  and  engine  aecllon  Is  1  atary  high  :  the  dryer  section  and 
the  asphalt  melting  tanks  acctlon  are  each  2  alorlea  high,  and  the 
central  or  lower  secllon.  containing  the  sand  bin,  the  mlnernt  dust 
bin,  and   the  mixer.   Is  3  stories,  or  32  ft.   high.     The  boiler  and 

'F.nginrerljig-Cotitracttng.  Feb.  G.  1908. 
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oislnc^  the  direr,  and  the  aapbalt  melttng  tanka  each  have  a  mb- 
MuiUal  touDdatlOD  of  concrste,  independent  of  the  foundation  of 
the  buUdlnxa  The  hot  Bind,  or  >tone  bin,  and  the  mixer,  together 
Wth  their  auxillaiy  api>aratu>,  are  carried  on  a  conical-ihaped 
■teel  (nune,  4-lesEed  lower  erected  lust  within  the  building  and 
reMing  on  pier  concrete  louadatloni  Independent  of  building 
foundatlnns. 
The   coat   of  the  plant  and  the  appurtenant   atructures  was  as 

Demolition  of  old  garbage  plant  bulldlnga %      47S 

Asphalt  plant — Warren  Bros.  Asphalt  Pavlnc  Co.'a 

contract.  llB.SfiZ.fiO  ;  city  alterations  and  additions. 

»2,T3«.50 1S,5S> 

Yard  fences  and  gates K&S 

Tard  pavements  and  drains 0.721 

Tower  tank  and  filter 1.3S0 

Water  pipes  and  outlets 1.016 

Warehouse  and  platform 1.4T1 

Ambalt  shed 289 

Blackamltb  shop  and  equipment 222 

Stable,  rolling  pen  and  wagon  shed E.311 

Stone  cmsher  and  storage  bin 1.1106 

Yard  material  bins 331 

Otnce  and  store  room  building 6.E09 

landing  bins  and  roads 1,433 

Lighting    352 

Gfloeral  cleaning  of  premises ZSK 

Total   »1S,3H 

Nota — No  allowance  Is  mode  for  value  o(  the  land. 

The  lire  stock  c<MiilBt  of  IT  mules  and  3  horses;  the  mules  are 
used  in  wagons  and  carta  and  the  horses  in  bugglea. 

Tbe  rolling  stock  oonslsts  of  10  Watson  <2-cu.  yd.)  asphalt  dump 
wa«ons  ;  8  (1-cu.  yd.)  single-mule  dump  carts  ;  2  Tennessee  4-wheel 
wagons  with  capacity  of  4,000  lbs.  each;  1  (4-wheel)  float  dray, 
i-ln.  tires,  with  capacity  of  0  tons;  and  1  Blngle-horse  storm  buggy. 
Each  wagon  and  cart  Is  equipped  with  a  canvas  (tarpaulin)  cover. 

In  addition  to  134  tools  of  varloua  binds  neceBSary  to  operate  the 
plant  fumlAed  by  the  Warren  Broa  Anphalt  Paving  Co.,  the  plant 
Is  equipped  with  the  following:  I  Fairbanks  platform  scHles  mount- 
ed on  rollers  (or  weighing  materlalH;  1  (4-wheeI>  3  ft.  10  In^  hy  2 
ft.  1 0  In.  F^rbanks  wagon  hand  truck ;  12  Iron  frame  and  bed  wheel- 
barrows ;  6  short-handle  shovels;  12  long-handle  shovels;  10  axes; 
S  picks ;  8  crowbars ;  B  sledgehammers,  assarted  sixes ;  and  a  num- 
ber of  small  tools  of  various  kinda 

The  street  tools  consist  of  the  following:  2  large-slie  tool  tMxas; 
IS  wooden  street  barriers:  1  Universal  B-ton  steam  asphalt  roller; 
I  Universal  3K-ton  steam  ai^halt  roller;  1  1.000-It>.  iron  hand 
aqjhalt  roller;  1  (4-wheel)  Are  wagon  for  heating,  tamping  and 
smoothing  Irons;  I  (2-wheel)  100-gal.  mixing  kettle;  18  asphalt 
tamping  Irons:  IE  asphalt  smoothing  Irons:  06  asphalt  axes;  101 
picks:  IS  mattocks;  102  long-handle  shovels;  40  short-handle 
shovels;  24  Iron  frame  and  bed  wheelbarrows;  6  axes ;  200  Iln.  ft.  of 
1-ln.    diameter   wire   wrapped   rubber   hose;    6   sledgehammers;    8 
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chisels  at  various  sizes;  10  crowbars;  and  a  number  of  «nall  toels 

of  varlouB  kinds. 

The  tostlDK  laboratory,  operated  In  cannectton  with  tlie  plant.  Is 

equipped  wltli  cement  testing  apparatuH,  oil  tester,  brick  tester,  etc. 
The  cost  ot  this  equipment  may  be  aumnuirlied  as  follows: 

Uve  stock,  harness  and  stable  equipment t  8.197 

RollInK  stock  and  equipment S,18D 

Plant  tools   SIT 

Street  tools BJtt 

Office  furniture    441 

Laboratory  equipment 1,4S0 

Total     |n.<44 

Soon  after  the  plant  was  placed  In  operation  the  city  ordered  It 

to  do  a  considerable  amount  of  work  not  orlKlnally  contemplated. 

This  Included  the  repalrlnK  of  streets  other  than  those  paved  wHh 

asphalt,    and   accordingly    the   following    additional    equipment    was 

purchased : 

Pioneer  7-lon   steam  road  roller (l.lll 

Champion  steel  road  gradlnr  machine ISO 

Austin  TOO-gal.  capacity  road  sprlDkler 394 

Rollins  stock    l.OZT 

Railroad  plows  with  extm.  points S9 

Wheel  scrapers   140 

Live    stock    ' . ' 1,700 

Total     *4,704 

For  the  plow  and  grading  machine  mules  1 7  K  hands  high  and 
weighing  about  1.600  Iba  were  socured. 

Bummarlllng,  the  total  cost  of  the  plant  and  equipment  Is  seen 
to  be  as  follows: 

Structures  and  their  equipment MS.SSG 

E(iulpment IJ,«73 

Additional   equipment    4,701 

Total  cost   t70,SS3 

The  largest  day's  run  made  by  the  asphalt  plant  was  on  June  S4, 
130T.  when  surfacing  (new  pavement)  the  Bsplanade-Clalbome  Ave. 
Intersection.  In  9  hra  205  boxea.  gross,  of  "wearing  surface"  mix- 
ture were  turned  out ;  3  Watson  wagons  hauled  this  material  from 
the  plant  to  where  It  was  laid,  a  distance  of  a  little  more  than  % 
miles;  and  this  material  completed  1,020  sq.  yda  of  pavement  In- 
tended to  be  2  Ins,  In  thickness.  The  cost  of  the  fuel  and  labor. 
Including  wages  of  plant  foreman,  employed  In  preparing  the  "wear- 
ing surface"  mixture ;  the  wages  of  wagon  drivers  and  the  care  and 
teed  of  the  teams ;  and  the  labor,  Including  foreman,  roller  men  and 
fuel.  In  laying  this  "napiha  coat"  and  "wearing  surface"  amounted 
In  all  to  tIST.iS.  or  12, 4T  eta  per  sq.  yd. 

The  repair  plant  force  worked  every  working  day  of  the  year 
when  It  did  not  ntln.  The  asphalt  plant  worked  111  days  and 
turned  out  9,88S  boxes,  or  SS,917  eu.  ft,  of  wearing  surface  mix- 
ture. It  was  estimated  that  a  9  cu.  ft.  box  would  lay  E  aq.  yda  of 
2-tn.  wearing  surface,  assuming  that  the  loose  material  compresaea 
1SH%  under  the  roller.     On  this  assumption  49.11E  aq.  yds.  of  S-in. 
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wtaring  mrface  wouJd  bMive  been  laid.  As  a,  matter  of  tact,  only 
14,yio  aq,  yda.  were  laid,  due  to  ubIdk  a  greater  IHIcknesa  tban 
1  Ink  Thl>  greater  thlckiMM  waa  necessitated  b«cau>«  no  "binder" 
mat  «aa  laid  to  replace  anr  of  the  old  bloder  removed  from  tbe 
itreet-  Instead  of  a  binder  coat,  the  concrete  was  "painted"  with 
a  "naphtka  coat." 

Naphtha  binder  was  not  only  much  cheaper,  but  Hr.  Hardee  con- 
siders It  also  much  more  substantial  and  dureble.  Naphtha  coat  is 
formed  of  vaiiorlied  KaSfUne  and  asphalt  mixed  In  equal  pn^>or- 
ttons;  It  la  put  on  the  concrete  foundation,  when  the  same  la 
perfectly  dry,  by  hand,  with  hrushea,  Just  as  paint  would  be  applied. 
and  to  the  least  pcaalble  thickness;  It  la  practically  Impervious  to 
moisture  and  prevents  tbe  molstura  that  Is  commonly  ever  present 
la  the  concrete  foundation  of  our  pavements  from  attackInK,  throush 
capillary  attraction,  the  base  of  the  aaphalt  "wearing  surface"  and 
rotting  It ;  addltlbnally,  the  "naphtha  coat"  efCecta  a  atronK  union  of 
the  concrete  foundation  and  the  asphalt  "WearloK  surface"  and  pre- 
vents the  latter  from  being  displaced  In  warm  weather,  as  Is  so  fre- 
quently the  case  In  old  pavements  In  which  gravel  "binder"  has  been 
employeiL  In  repairing  old  pavements,  where  the  combined  thick- 
ness of  the  "binder"  and  "wearing  surface"  was  considerably  more 
than  Z  Ins.,  concrete  was  generally  added  to  the  original  concrete 
foundation. 

Prom  time  to  time  such  laborers,  additional  assistant  foremen  and 
other  employes,  as  were  required,  were  hired  by  the  day.  When 
(derations  were  llrst  commenced  nearly  all  the  plant  and  street 
employes  were  negroes,  but  as  fast  as  white  men  who  could  satis- 
factorily do  the  work  were  found,  the  negroes  were  displaced;  within 
a  few  months  six  negroes  only  remained  and  these  were  engaged 
at  the  plant  on  a  class  of  work  for  which  white  men  were  not  well 
Dtted. 

Teamsters  and  some  of  the  laborers  were  paid  at  the  rate  of  tl.75 
per  day ;    but  the  large  majority  were  paid  at  the  rate  of  $2  per 
lO-hr.   day.      Pavers,   atone  workers  and  brick  masons  were  paid 
from  ¥2.50  to  $4  per  8-hr.  day. 
The  following  la  a  list  of  the  permanent  employes: 

Annual  wage. 

Superintendent    t  2, EDO 

Secretary    1,800 

Stenographer 720 

Street  foreman I,e00 

Assistant  street  foreman 1,200 

Terd  foreman 1,500 

Englnemao    1.500 


It,    W    of  »1,B00 900 

It  hdper.  H  of  1780 360 
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For  reasons  that  are  not  made  at  all  clear  In  his  report,  Ur. 
W.  J.  Hardee,  Ctly  Engineer,  deducts  the  tollowJng  salaries  trom 
the  above,  and  puts  tham  In  an  account  that  he  deslsnates  by  the 

Tery  amblKuous  phrase  "Special  Chargetf': 

Chemist    t    "HO 

Chemist   helper    (10 

Enclneman   1,4E0 

Fireman    72S 

Total  salaries  in  "Special  Chuge^ tJ.aOG 

Deducting  this  (3,206  from  the  annual  HOariea  of  118,160,  va 
have  left  fl4.S55,  which  somehow  becomes  tlG.STl  when  recorded  In 
the  "Annual  Bmployes'  Salaries." 

Then  tbe  account  of  "Bpeclat  Charged'  contains  the  foUowlns: 

Salaries  (as  atrave  given) %  t.iOt 

V,  laborer's  wngeH  at  the  plant 8,001 

342  tons  coal  at  Che  plant,  at  (2.84 9TZ 

Bupplles  at  the  plant    804 

Wood  at  the  plant It 

Qoa  and  laboratory  auppllea IS 

Danuged  cement 100 

Total   "Special  Charges" 813,067 

Then  under  an  account  designated  as  "Oeneral  Charges"  Is  placed 
the  *16,674  of  "annual  employes'  salaries,"  also  "one-lialf  day  labor- 
en^  wages  at  the  plant"  ;  but,  unless  the  purpose  Is  to  confuse  the 
analyst  of  these  coats,  there  appears  to  be  no  sound  reason  for 
separating  the  "plant  lal)0r"  Into  two  halves  aa  Is  thus  done. 
The  following  Is  the  statement  of  "General  Charges": 

Annual  employes'  salaries tlE.ST3.»6 

One  half  day  laborer's  wages  at  plant 8,092.35 

Live  stock  feed 3,032.76 

Electric  lighting 331, TG 

Electricity    for    crusher 133.35 

Water  at  plant tOO.OO 

Water    on    street 1SS.60 

Blacksmith's    supplies     87.53 

Omce  supplies 430.00 

Stable  Bupplles   309.30 

Horseshoeing 494.70 

Kxtra    teams 1.(29.10 

Car  fare  and  Incidental  expenses £70.90 

I«Bt  and  wom-out  tools 26S.S0 

Lost  live  stock 370.00 

Total    "Oeneral    ChargMT' t3I,TS0.9S 

Tbe  cost  of  SOO  cu.  yda  ot  concrete  and  35,906  aq.  ydft  of  *^r«ar- 
fng  ■orface"  supposed  to  be  3  Ina  thick,  was  ■■  follows  per  aq.  yd.  of 
1-In.  aapltalt  wearing  surface : 

TotoL         Per  sq.  yd. 

Ifaterials    (16,279  80.426 

^>edal  Charges  (pro  rated) 0,781  0.1 89 

Ooneral  Charges  (pro  rated) 11,090  0.309 

Other  labor T.ITT  0.20O 

Total,  Repairs  to  A«ill«It I40.30T  $1,123 


,  ^ 
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Aa  I  aball  abow  presently,  there  1b  do  valid  excuse  lor  pruratlns 
UM  "Bpeelal  Charges"  or  the  "Oeneral  Charses"  In  tliia  manner. 

In  addition  to  the  above  slven  tbimItb,  S,400  k).  yds.  at  new 
BWbalt  pavement,  on  a  t-ln.  concrete  base,  were  laid,  and  excavation 
made  for  the  Hune,  at  the  foUowlQK  cost : 

Total.        Per  aq.  yd. 
Katolala     (avhalt    and    concrete 

materlBla)     112,130  11.444 

Special  Charges    (pro  rated) e,SOS  O.TGO 

Oeneral  CharEH  (pro  rated^ 10.342  1.231 

Other  labor   g,S12  l.Oeo 

Total.   New  P»v«neiit %Zl.iM  14.4TG 

This  Is  "saving  the  contractor's  profit^'  with  a  vengeance.  A 
coat  of  (4.48  per  sq.  yd.  ot  2-ln.  asphalt  on  a  S-ln  concrete  t>ase.  Is 
approximately  three  times  what  It  would  coat  any  capable  con- 
tractor. Bear  In  mind.  alao.  that  the  (4,48  does  not  Include  any 
allowance  for  plant  Intereat  and  depreciation. 

Finally,  In  addition  to  the  aaphalt  repalra  and  the  new  asphalt 
pavement  above  given,  there  waa  a  conalderable  amount  of  "Mis- 
cellaneous Improvements."  such  aa  curb  setting,  repairing  with 
cniafaed  stone,  grading,  ailing,  and  the  like,  the  total  coat  of  which 

Materials    tU.gSl 

Oeneral  Chargea  (pro  rated) 10.3(4 

Other  labor 7.129 

Total.  UIscellaneouB  Improvementa 131.347 

Analysis  of  the  above  costs  discloses  how  the  "apeclot  chargel^' 
and  the  "general  charged'  were  prorated,  namely,  according  to  the 
cost  of  the  materials  used  on  the  three  classes  of  work.  1.  e.,  on  (1) 
•r^pain,  (2)  new  pavement,  and  C3)  mlscellaneouB.  A  more  absurd 
diatributton  could  not  be  Imagined,  for  here  la  an  expensive  ((70,000) 
aaphslt  plant,  with  34%  ot  Its  "general  chargea"  prorated  to  curb 
■ettlng.  grading,  etc. !  Were  this  not  done,  the  costs  of  the  asptialt 
reiHlrlng  and  new  pavement  Would  show  up  even  higher  than  they 
do  In  the  above  tabulations. 

I  have  arranged  the  cost  of  materials  and  supplies  used  during 
the  year,  under  Ave  heads,  as  follows : 

.dspAalt  Material*  and  iSuppHes: 

4(S.99  tons  asphalt,  at  tlB.GO t   8,E61 

125,627  Iba  fluxing  oil,  at  TM  eta 940 

<.T53  gala,  naphtha,  at  15  eta 1,019 

2,900  cu.  yda  sand,  at  tl.ST 4,953 

321  tona  mineral  dust,  at  IE. SO 1.764 

tSB  tons  coal,  at  f 2.84 1,10G 

10  cords  wood S63 

Total   asphalt  materials tl8.906 

Concrete  Materialt: 

1,9S«  bbis,  cement,  at  12.04 1  3,944 

700  cu.  yds.  sand,  at  tl.27 BK9 

EI4  cu.  yds.  gravel,   at    32. 2T 1,272 

eat  cu.  yda  brickbats  (for  crushing),  at  |1.4B     1,032 

Total   concrete   materials I  T,I3T 
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UiactHaimyM  Uateriala: 

3,1 1 »  eu.  yiis.  clay  Rravel,  at  (l-EO i  4,7S« 

t.Cia  cu.  yds.  lake  shells,  at  11.41 G,304 

3,^00  new  granite  blacks,  at  1  cU 121 

t.IOO  old  Kranlte   blocks  at  4    Cts. 184 

e,0(IO  new  bulldlns  brick 9t( 

8,eO0  old   bulldUiK  brick ti 

3Z.a24  Iba  cast  iron l,2gg 

3.026  Hn.  ft.  drain  pipe flTS 

Total     '. (12,891 

Laboratory    I  14 

Office    4tfi 

Bnslneer   (06 

Total  aupplles   I  I,0S6 

Stable: 

-~Z.1T£  lbs.  oats,  at  1^  eta f  1,820 


S.eoo  tbs,  bran,  i 

39%    tons  hay,  at  »j!1.7Z 

SUble  supplies  |30».  blacksmith  (ST.. 


Total  stable %  3,2BS 

Grand   total    t43,!SB 

These  prices  are  all  tor  materials  delivered  at  the  planL 
The  (oreBoInc  distribution,  under  the  five  heads,  may  be  subtly 
In  error.  The  sand,  for  example,  Is  given  as  4.800  cu.  yda,  without 
(itatement  as  to  Its  use.  About  1,400  cu.  yda  of  new  concrete  basa 
were  laid,  which  would  require  about  TOO  cu.  yda  of  sand,  and  I 
have,  therefore,  distributed  It  In  that  manner,  although  there  was 
a  certain  onall,  but  unstated,  amount  of  concrete  laid  on  old  con- 
ccete  base  to  bring  It  up  to  grada 

This  diatrlbutton  of  the  cost  of  materials  shows  conclusively  the 
absurdity  of  prorating  the  "General  Charges"  and  "Special  Charges" 
according  to  the  coat  of  materlala  A  glance  al  the  Items  under 
"Miscellaneous  Materials'  proves  that  no  appreciable  part  of  the 
cost  of  operating  a  870,000  a^halt  plant  should  be  properly  prorated 
to  "Ulscellaneous  Improvements,"  as  was  done.  It  Is  true  that  a 
rock  crusher  (which  crushed  only  1,143  cu.  yda  of  stone  and  brick- 
bats during  the  year)  and  a  road  machine,  and  a  few  tools  (worth 
about  $2,000.  exclusive  of  mules)  were  used  on  tiie  "Miscellaneous 
Improvements"  ;  but  so  Inslgnlflcant  was  the  plant  necessary  for  that 
work  that  ti  Is  manifestly  wrong  to  prorate  any  asphalt  plant 
charges  or  any  asphalt  plant  operating  expmse  to  these  "Miscel- 
laneous Improvementa"  I  have  been  at  some  pains  to  point  out 
these  details,  for  it  Is  a  very  common  practice  tor  managers  of 
municipally  operated  plants  to  conceal  the  true  costs  of  operation 
by  prorating  charges  In  this  fashion.  The  following  Is  my  own 
analysis  of  the  year's  operating  expense,  which  erra.  If  at  all,  on 
the  Bide  of  liberality  toward  the  managers  of  this  municipal  plant. 
I  shall  not  Include  the  cost  of  the  grading  nor  of  the  concrete  for 
the  new  pavement  laid,  but  condne  the  summary  only  to  the  cost 
of  asphalt  repairs,  giving  total  costs,  and  cost  per  "box"  (»  cti.  ft.) 
of  wearing  surface,  there  being  9,883  boxes  (B8,B47  cu.  ft),  equiva- 
lent to  49,41G  SQ.  yda    2  Ins.  thick  after  rolling: 
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Salaried  omployBB   (18  180  *»%■ 

LaborOTi:  wage,  at  Irtant ."  .    Ual*  lijl" 

^^ediHtf  stock,  ate: 


I'eed  (or  regular  tk-^ 
Blocknalth  supplies  . 

Stable  wippiles    

Horaa  nhoeing: 

Lost  live  stock 

£ztra  teams   hired. . . 


Total,  teedlns  Mock,  etc %  6,8!4 

Btrtvt  Labor,  Teamtter;  Etc 

On  35.900  aq.  jda  repairs 17  277 

On     8,400  aq.  yds.  new  J-ln.  mirfaoe  (estimated)      iItSO 

Total  street  labor,  ti 


?  supplies   t      «eg 


Total  olBce  expense,  etc. %  1 

Atphalt  Material*  and  Suppllea: 
t  HS.fO t   8 


Total  asphalt  materials  «nd  mippllea t]S,SOt 

JtlscellaneDtM  FloMt  Baveme: 
Blectrlc  Ughtlng %      JJi 


Total   miscellaneous   plant   expense |  S9S            tO.O»l 

Plant  CJiaroet: 

loterest.  S%  of  ttS.OOO 1  S,£Si) 

D<vraciatlon,  etc.,  10%  of  tes,00a (,500 

Total  plajit  charges f  B,7E0  lO.ViT 

arand  total    J79.T2*  (8.010 

Kote. — I  have  made  no  allowance  for  "ground  rental." 
Dpon  Mr.  Hardee's  assumption  that  a  "box"  of  wearing  coat  will 
lay  6  aq.  yds.  of  2-ln.  wearing  coat,  we  have  simply  to  dlviae  all  the 
above  Items  of  "cost  per  box"  by  E,  to  arrive  at  the  cost  per  sq.  yd., 
which  summed  up  la  as  follows: 

Per  s^.  yd. 

Salaried  employes tO.368 

Laborers'  wages  at  plant 0.32T 

Feeding  stock,  etc. O.llB 


ding  St 
>et  labo 
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The  Item  of  plant  chariea  (intereit,  depreciation  and  repaira) 
does  not  appear  In  the  report  of  the  city  enKlneer,  althougb  mch  an 
Item  should  always  appear,  nor  la  there  any  allowance  for  Interest 
on  the  ground  occupied,  although  It  c«'talnly  had  value.  1  have  aa- 
Burned  Che  conventional  6%  Interest  and  10%  depreciation  and  retmira 
on  tca.OOD  plant  (omlttinK  about  IG.OOO  of  plant  used  on  "Mlsoel- 
laneous  Improvements").  It  should  be  noted  that  the  first  cost  of 
this  plant  la  unusually  high. 

A  amatt  part  of  the  Item  of  "Feedins  Stock,  Etc,"  should  unques- 
tionably be  charged  to  "Miscellaneous  Improvements"  and  to  haul- 
Ins  materials  lor  concrete,  but  1  am  unable  to  aegresate  the 
amount,  which  Is  Inconsiderable  anyway. 

The  Item  of  "Street  Labor,  Teamsters,  Etc,"  Is  exact  tor  the 
SB, 900  Bg.  yda  of  repairs,  but  the  report  save  no  details  that  would 
enable  one  to  arrive  at  the  corresponding  cost  tor  the  S,400  sq.  yda 
of  asphalt  laid  on  the  new  concrete  base,  so  I  have  prorated  It  at  the 
same  cost  as  tor  the  3E,9O0  nq.  yda  of  repairs,  namely  at  20  eta 
per  sq,  yd.  This  cannot  be  tar  wrong,  and.  In  any  event,  the  new 
pavement  was  leas  than  20%  of  the  total  wearing  coat 

We  have  In  this  work  the  highest  cost  of  S-ln.  asphalt  wearing 
coat  ot  which  I  have  any  knowledge.  It  even  exceeds  the  c-ost  of 
Brooklyn  municipal  work.  It  forms.  Indeed,  an  object  lesson  Of  the 
gigantic  folly  of  doing  public  work  with  a  municipal  plant  Instead 
ol  by  contract. 

Note  especially  the  tact  that  my  analysis  of  the  true  cost  of  this 
repair  work  shows  (LSI  Per  aq.  yd.,  as  contrasted  with  the  |1.12 
(which,  even  at  that,  was  an  enormously  high  cost).  By  Improper 
prorating  ot  "general  and  special  enpenses"  and  by  entire  omission 
of  any  plant  Interest  and  depreciation  charges,  ground  rental,  etc. 
It  Is  an  easy  matter  always  to  give  an  appearance  of  lower  unit  coats 
than  actually  exlsL 

In  Enplneerlng-Cotitracttng,  April  T,  190!>,  Is  given  an  abstract  ot 
Mr.  W,  J.  Hardee's  report  for  the  year  1908,  relating  to  this  same 
plant.     The  following  Is  a  briet  summary: 

Rppalrs  of  aqibatt  pavements ^  27,545.63 

N(^w  asphalt  pavements 14,40U.31 

Other  kinds  of  new  pavements 23,4<6.8< 

Miscellaneous  Improvements   74,398.91 

Total    ^IS9,7»9.8T 

TIic  repair  work  consisted  ot  the  construction  of  2,840  sq.  yda  of 
naplitliu  cout  and  24,081  sq.  yds.  of  asphalt  wearing  surface,  the  cost 
per  square  yard  of  wearing  surface  bring  as  follows; 


Total.  Per  sq.  yd. 

"'-•  |0.36f 


Materials    I  8. 

Proportion  spt'ci'iil  chBrges! .".'."..!." !      3!]K3  -  o!in 

Proportion  general  charges 8,784  0.364 

Total    $27,646  11.143 

It  will  be  noted  that  the  same  misleading  method  of  prorating 
"special  and  general  charges"  was  used,  and  that  the  unit  cost  of 
these  repairs  exceeded  the  cost  of  work  done  the  previous  year. 
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The  new  aaphftlt  pavement  work  cooslited  In  the  cooitruction  ot 
T.5&I  Bq.  7d&  of  pav«ii>eiit,  the  work  Including  14,580  CU.  ft.  of  con- 
crete, 1,600  an.  yda.  naphtha  coat  and  T.SOO  nq.  yds.  a-ln.  wearing 
■UTface.  The  groaa  coat  of  this  was  114, 40>  or  about  11.90  per 
«].  jrd. 

The  other  new  pavement  work  consisted  In  the  construction  of 
vltrlfled  brick  and  s^nvel  roadways,  the  total  cost  of  the  work  being 
113,445.84.  The  largest  Hem  of  work  was  for  miscellaneous  Improve- 
ments, ihcBe  consisting  of  graveling  roadst  constructing  oyster  shell 
pavement  grading,  etc.  The  total  cost  of  these  miscellaneous  Im- 
provements woe  tT4,39S.  The  output  of  the  plant  was  86,004  cu.  ft. 
(O.IIS  boxes)  wearing  surface  mixture,  which  was  employed  In  new 
pavements  and  repair  of  old  pavements.  The  crusher  operated  In 
coanectloo  with  the  asphalt  plant  crushed  1.834  cu.  yds.  of  old  sCone 
at  an  average  cost  for  labor  and  electricity  of  El. 4  eta  per  cu.  yd. 
The  stone  was  furnished  tree  of  charge.  The  cost  per  cubic  yard 
In  the  previous  year  was  46.00  c(a  Including  feed,  hostler  and 
stable  boy's  wages;  veterlnary's  salary,  shoeing,  medicine,  etc..  It 
cost  an  average  of  7t  eta  per  head  per  day  to  feed  and  care  for  the 
live  stock,  as  against  64.9  cts.  for  the  year  ending  Aug.  31.  190T. 

In  the  Urst  annual  report  the  cost  of  the  plant  Including  equip- 
ment Is  given  as  tTO.GSS.  Additions  to  the  plant  costing  I4,Z«I  were 
nude  in  the  second  year,  bringing  the  total  Investment  tor  plant 
and  equipment  up  to  (74,844.  The  asphalt  cost  tl9  per  ton  de- 
livered. 

Cost  of  Patchlns  Asphalt,  Marlon,  Ind.*— Hr.  T.  B.  Petrle  gives 
tin  following: 

The  accompanying  data  relate  to  repair  work  In  the  city  of  Mar- 
lon. Ind.,  throughout  the  month  of  September.  13DS.  This  Is  a  very 
good  average  of  the  season's  work,  after  the  force  was  thoroughly 
organized  and  all  equipment  put  Into  service 

A  city  of  the  size  of  Marlon  could  not  afford  a  plant  costing  up- 
wards of  120,000.  which  would  possibly  remain  Idle  eleven  months 
out  ot  the  year;  Bo  we  had  to  look  for  a  smaller  and  less  expensive 
repair  nlanL  We  have  In  our  city  6.04  mllea  of  asphalt  streets,  or 
133.4SG  sq.  yds.  The  flrst  street  was  constructed  In  1899  and  the 
last  In  1903.  While  we  have  some  excellent  asphalt  streets,  some 
are  muih  below  the  average.  We  found  In  paat  experience  that  to 
rely  on  the  asphalt  companies  to  do  our  repair  work.  It  was  neces- 
sary that  our  streets  should  become  quite  bad  before  any  com- 
pany would  agree  to  come  In  to  do  our  repair  work,  as  the  repair 
yardage  was  so  small  that  It  would  not  pay  them  to  move  their 
plant  to  our  city,  so  we  could  expect  them  once  In  two  or  possibly 
three  years,  even  though  the  street  was  under  guarantee. 

In  the  spring  of  190S,  even  though  two  of  our  streets  were  yet 
under  guarantee,  our  Board  of  Public  Works  came  to  an  agreement 
with  the  Barber  Asphalt  Co.  that  the  city  should  take  care  of  all 
streets  under  guarantee  and  that  the  Barber  Asphalt  Co.  would  re- 
linquish all  retainer  claims  that  they  held  against  the  city. 

•BHgiHeerinp-ContTOctlng,  Feb.  10,  1909. 
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In  the  meuitlme  three  of  our  atreeta  tiecwne  quite  bad.  bd  w* 
begaii  to  look  about  for  oome  relief,  and  anally  purctaajed  one  ot 
Hooke'a  largeat  combined  aaphalt  planta  and  a  cttrloHd  ot  a^ptmlt. 
To  thiB  plant  WBB  added  another  pan  and  a  700-lb.  band  roller. 
Tbe  coat  of  tbe  plant  naa  aa  follows: 

Combined  Are  wagon  and  aq)halt  heater 14eG 

Freight 43 

Extra  pan   41 

Hand  roller   IS 

Hand  cart 10 

Total  cost  ot  plant   fSiE 

Depreciation  on  the  plant  wag  flKured  on  the  baHis  ot  60  days'  uM 
for  the  Beason,  This,  at  10  per  cent,  amounted  to  |fi2.G0  or  (25.72 
tor  the  2G  days  for  which  the  coat  records  are  given. 

We  began  work  July  20.  I90S.  and  nnlahed  or  rather  run  out  o( 
material,  Nov.  2Sth.  While  not  working  quite  all  the  time  wa  laid 
4.142  sq.  ydi.  of  patch  work.  Oreat  care  wa>  taken  about  the  work 
and  It  Ih  almost  impomlble  to  detect  many  places  where  patches 
were  made.  We  used  the  Acme  asphalt,  which  came  already  fluxed. 
and  three  grades  of  sand,  no  as  to  obtain  as  nearly  a  standard  mix 
as  possible,  as  well  aa  to  make  the  mixture  aa  dense  as  possible. 

We  used  Portland  cement  as  a  filler,  Instead  of  stone  dust,  which 
caused  the  price  per  sq.  yd.  to  run  up  aomewhat  higher  than  It  would 
have  had  stone  dust  been  used. 

We  had  two  experienced  men  In  the  gang  and  paid  them  2&  cts. 
p«r  hour,  all  other  men  were  paid  20  cts.  per  hour.  A  one-horae 
dump  cart  waa  used  (or  hauling  material  from  stock  room  to  plant, 
also  hauling  prepared  material  to  street,  and  cuttings  or  old  asphalt 
away,  usually  hauling  same  on  some  nearby  street  as  repairing  ma- 
terial.     The  cart   man  was  paid   21Vt    eta   per   hour. 

The  full  repair  Eung  consisting  of  S  men,  S  out  on  the  street  and  E 
at  the  plant,  and  1  horse  cart  and  driver. 

Orders  were  given  to  work  until  the  pans  were  cleaned  and  tilled 
with  sand  at  the  end  of  each  day's  work,  ready  for  Are  the  next 
morning. 

Four-toot  wood  was  generally  used  (or  firing,  costing  15. GO  per 
cord,  yet  some  shorter  wood  was  used,  costing  fl.TG  per  cord.  The 
IN>rl1and  cement  cost  tl.40  per  barrel;  sand  coat  ID.T5  at  the  plant 
and  the  asphalt  cost  130  per  ton  f.  o.  b.  Uarton. 

During  the  2S  working  days  In  September  a  total  of  1.30B  aq. 
yds.  of  asphalt  pavement  o(  an  average  depth  o(  2  Ina  waa  laid, 
there  being  2.T42  cu.  ft.  o(  asphalt  mixture  used,  coating  41  cts.  per 
cu.  fL  laid.     The  itemized  coat  Was  as  follows: 

Total.        Peraq.  yd. 


fflKiSfr™.'".""!-. 

at  130  ton... 

:;•  wai 

in 

:«0i 

Cartage.  3D  tons  asphalt   .. 

■■    \lil 

8?t? 

Depreciation.  10% 

. .11.117.14 

"Sm 
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Last  season  was  an  excellent  one  to  do  repair  work,  on  account 
ol  tber«  belDS  but  lllUe  rain.  The  Band  wafl  kept  a*  di?  as  poB- 
rtble.  and  therefore  wbh  covered  at  nisht,  and  at  da^ma  In  case 
ot  rain.  Tblfl  materlallr  Bistated  In  the  progresa  ol  Che  work  aa  well 
as  In  the  aavlng  ot  much  fuel. 

The  plant  was  located  at  some  convenient  point,  near  where  con- 
slderahle  patching  was  to  be  done  and  care  was  taken  not  to  move 
the  plant  too  frequently,  as  this  expense  will  cause  the  price  per 
siiuare  yard  to  rise  aulte  rapidly.  We  were  able  to  get  out  eight 
batches  per  day.  provldloK  everytblng  worked  well.  It  Is  Intended 
to  enlarBs  the  mixing  pans  t>efare  beginning  work  this  Mason,  and 
by  BO  doing  It  la  hoped  to  Increase  the  output  fully  ZE  per  cent,  and 
br  uainK  atone  dust  Instead  ot  Portland  cement  for  flUer,  to  cut  the 
price  down  to  at  least  JO.TB  per  sq.  yd.  or  perhaps  lower. 

There  has  been  nothing  allowed  For  superlnleodence  of  the  work 
as  either  the  city  engineer  or  his  assistant  will  have  time  to  Bee  that 
work  Is  going  on  as  It  should.  However,  last  season  I  gave  this 
work  quite  considerable  attention,  measuring  all  patches  made,  as  I 
desired  to  know  just  what  It  was  coating  per  square  yard. 

I  do  not  anticipate  that  we  will  have  as  much  repair  work  In  the 
next  two  seasons  as  we  had  last  season. 

Cost  of  Patching  Asphalt,  Marlon,  lnd.>— In  1908  the  city  of 
Harlon,  Ind.,  had  B.64  miles  of  aspttalt  streets  or  a  total  of  1Z1.186 
m-  yds.  of  that  kind  of  pavement.  In  that  year  the  city  took  over 
the  malntoiance  of  all  ot  the  asphalt  paved  streets  and  pur- 
chased one  of  Hooke's  largest  combined  asphalt  plants  for  the  work. 
To  this  plant  was  added  another  pan  and  a  TOO-lb.  hand  roller. 
The  coat  of  the  plant  In  iSOS  was  as  follows: 

Combined  Are  wagon  and  asphalt  heater t46S 

Freight     43 

Bxtra   pan    il 

Hand  roller (S 

Hand   cart    10 

Total    im 

In  1908  a  total  of  4.14S  sq.  yds.  ot  patch  work  was  laid.  Fur- 
ther details  of  that  year's  work  are  given  In  our  Issue  of  Feb. 
1«,  1»09. 

Before  beginning  work  In  1909  a  new  bottom  was  put  In  the 
Hooke  pan,  and  It  was  also  enlarged  bo  that  a  batch  of  16  E/S 
cu.  ft.  of  loose  mixture  was  turned  out  for  the  1909  work.  Instead 
of  14%  cu.  ft.  as  In  190S.  This  should  have  Increased  the  output 
as  well  as  decreased  the  labor  cost.  Owing,  however,  to  the  fact 
that  B.  dllTerent  brand  of  fluxed  asphalt  was  used  In  1909.  which. 
for  the  same  amount  ot  mixture,  took  about  2E%  more  asphalt,  the 

'Enaineeriitg-ContracHno,   Dec.    IS,    1009. 
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material  expense  was  tncreaaed,  and  also  the  labor  cost  aa  It  took 
conilderably  lonKer  to  mix  a  butch. 

In   the   1909    work   atone   dust   was  uied   as  a.  filler,   whereas  In 
1<I08  Portland  cement  was  used  (or  this  pun>oae.     In  this  year's 
work  the  Portland  cement  was  used  as  a  top  covering  Mil*. 
The  working  force  consisted  of  the  following'. 
Plant: 

1  man  at  ZG  cts.  per  hr. 
1  men  at  SO  cts.  per  hr. 
Street: 

1  man  at  2E  ct&  per  hr. 

A  one-horse  dump  cart  was  used  for  hauling  material  from  stock 
room  to  plant,  also  for  hauling  prepared  material  to  street  and 
euttlngs  or  old  asphalt  away.  The  driver  was  paid  2TH  cts.  per 
hr.  This  was  the  some  gang  aa  In  the  IDOS  work  with  the  ex- 
ception of  one  man.  The  men,  however,  were  not  as  energetic  to 
puBh  the  work,  aa  they  were  in  the  previous  year  and  this  brought 
up  the  labor  cost.  In  addition  the  patches  were  smaller  In  the 
1909  work  and  this  also  caused  the  labor  cost  to  Increase,  as  when 
many  small  patches  were  made  In  succession  the  gang  at  the  plant 
would  be  compelled  to  hold  back  waiting  on  the  men  on  the  street 
to  prepare  places  to  receive  the  material. 

The  working-  season  in  1909  was  33  days,  and  In  that  time  the 
gang  placed  l.lBl.G  sq,  yds.  at  patches  of  an  average  depth  of 
2  InSL  This  Is  an  average  of  alraut  44  sq.  yds.  of  patchwork  per 
day,  A  total  of  !,B2S.I  cu.  ft.  of  loose  mixture  was  produced  In 
the  season  of  33  days  or  an  average  o(  85,5  cu.  ft.  per  day.  This 
would  be  an  average  of  about  Ave  patches  per  day,  there  being 
18  S/9  cu.  ft.  to  a  patch.  As  2,S28.1  cu.  ft.  of  loose  mixture  made 
1.4B1.B  sq.  yds.  Of  compacted  1-ln,  patches,  there  was  about  1.9S 
cu.  fL  of  loose  mixture  per  square  yard  of  2-ln.  compacted  asphalt. 
This  Is  1,3  cu.  ft.  of  loose  mixture  compacted  down  to  1  cu.  fL 
For  fuel  cord  wood  was  used,  16.8  cords  being  used  for  (hl»  pur- 
pose. As  the  season  covered  33  days  the  average  amount  of  wood 
consumed  per  day  would  bo  about  hi  cord.  As  there  was  an  aver- 
age of  five  batches  per  day  there  was  atMut  0.1  of  a  cord  of  wood 
used  per  hatch. 

The  coat  of  the  various  materials  used  In  the  work  In  ISO  was 
OS  follows: 

Asphalt,  including  frelBht,  per  ton 128.714 

Sand  at  plant,  per  cu.  yd. O.TS 

Cement,   per  bbl 1-40 

Stone    dust,    Including    freight    and    drayage, 

Cordwood  for  fuel,  per  cord 4. BO 

Interest  on  the  plant  Investment  was  flgured  at  «%  per  annum,  or 
137.38  for  the  year.  Depreciation  on  the  plant  was  flgured  at  10% 
per  annum,  or  (62.50  per  year. 
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Tbe  ltmilx«d  COM  of  materiala  lit   the  asphalt   nirface  wa«  a« 

S  Ins.  thick. 
1  IbB.  fluned  amhalt.  at  1.43  cti. fO.SSS 


14.47  lbs.  Btone  d 

.00S3  bbfs.  cement,  at  fl. 40. .'.'.!'.'.!  !|"1'.  1 !!' I     ,006 

Total  materials  tor  surface t0.4TO 

Labor,  at  20  and  iE  cts. tO.lIS 


Wood.  18.S  cords,  a 

Cartage   ot  aaplmlt OOB 

Interest    on    plant OlS 

Depreciation    on   plant 04S 

Grand    total     tlOtS 

The  average  cost  per  cubic  foot  material  and  labor  was  62%  cts. 
A  comparison  of  the  19D8  costs  and  the  1909  coats  may  be  of  In- 
terest and  accordingly  we  have  abstracted  the  costs  from  the 
former  year  as  given  In  our  Issue  of  Feb.  10,  1909,  Tbe  coats 
for  19DH  are  for  26  working  days  In  September,  during  which  1.303 
Ki.  yda  of  asphalt  of  an  average  depth  of  2  Inn.  was  laid.  The 
costs  In  the  two  years  were  as  follows: 

1903.  1909. 

Per  BQ.  yd.       Per  sq.  yd. 
Labor    $0.3S97  ID.4Z6 

Asphalt    2602  .ass 

Sand    0636  .062 

Cement     0760  .006 

Slone  dust   .036 

Fuel     06BT  .06S 

Cartage     0088  .006 

Interest     0114  .026 

Depreciation    0190  .043 

Total 10.8637  H*02J 

In  the  1908  worlc  the  aiiphalt,  Including  freight,  cost  (30  per  ton, 
and  wood  coat  I&.69  per  cord.  With  these  exceptions  the  prices  for 
material  and  labor  are  the  same  as  In  1900.  Portland  cement  was 
used  for  a  filler  In  1308,  whereas  stone  dust  was  used  in  1909.  In 
the  figures  for  the  I90B  work  the  depreciation  was  figured  for  the 
IS  days  In  September  only  on  the  basis  of  60  days'  use  for  the 
season ;    while  In  the  1909  coats  the  depreciation  la  for  the  entire 

All  of  the  work  was  done  under  the  direction  of  T,  a  Fetrle, 
dty  engineer. 

High  Cost  of  Patching  Asphalt,  Brooklyn,  N.  Y^-In  Bngiiteering' 
ComtTWittKO,  Hay  27.  190S.  a  complete  description  Is  given  of  the 
imuilclpa]  aqjhalt  plant  in  Brooklyn,  which  was  placed  In  opera- 
tton,  Juno  13,  1907.  The  plant  was  constructed  by  the  Warren 
Avhalt  Paving  Co.  A  60  h.p.  BatMMck  and  Wilcox  boiler,  and  a 
It  fa.p.  engine  (BHe  EInglne  Works)  and  a  9  h.p.  engine  (Sturde- 
rant  Blower  Works),   furnish  the  pow«r.     Without  going  further 
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Into  detalU.ot  deilgn,  the  following  nimmary  gives  the  coct  ol  tbe 

Contract  price tZI,48&.00 

Engtne  and  boiler  fouDdatlons,  pUea,  etc....         509.54 

Omca  ana  BhedB  Tli.OO 

PIre    exflDK    ISO.OO 


Omce  furniture  and  equipment 171.28 


a  parts— machinery 

B  turnlture  and  equipmt 

Electrical  work,  wiring,  ifghti^ 

Four  asphalt  rollers   6.156.00 

Twelve  asphalt    tmcUB  at 1.920.00 

Tools  and  gans  equipment !,00O.4B 

IllBcellaneouB 317.SG 

Total .tas,3go.i8 

Fixed  CKargaa. 

Intereflt  on  paymenta  on  above  st  E% J      SOT.IO 

Depreciations  on  plant  at  10%  (S^  monUw) 

on  137,892.08   Z,DGi.4> 

Rent  o(  plant  grounds.  tl,440  per  year,  T  mos.        840.00 

Total   per  annum    I  S,788.S8 

The  plant  was  in  operation  fl^  moa.  In  1007,  beginning  Juna 
13,  1907,  and  there  were  134  Working  days  out  of  Mt. 

The  output  ol  the  plant  was  8,961  boxes  o(  wearing-  surface  mix- 
ture and  1,524  boxes  ol  binder,  total  S.4TG  boxea  Each  of  these 
boxes  held  9  cu.  IL  of  the  mixed  product,  bb  measured  at  the  plant. 
It  was  found  that,  during  the  hauling  in  wagons  from  the  plant  to 
the  street,  the  wearing  surface  mixture  conaolidates  and  looses  abODt 
3%  of  its  volume,  but  the  binder  mixture  does  not  consolidate  ap- 
preciably. 

The  average  wagon  load  Is  8  boxeik  or  72  cu.  ft.  of  mixture,  and 
the  average  dlatance  from  the  plant  to  the  point  of  repairs  Was  4.14 
miles.  ObeervationB  on  SG  loads  showed  a  traveling  speed  of  only 
2.15  miles  per  hr.  A  team  and  wagon  cost  ft  per  8  hr.  day.  Tli« 
coat  of  hauling,  as  given  below.  Includes  all  delays  at  the  plant  and 
on  the  street,  as  well  as  (he  cost  of  hauling  the  old  asphalt  from 
the  street  to  the  dump,  but  It  does  not  Include  the  cost  of  liaullni 
any  materials  lo  the  plant,  tor  all  prices  of  materials  Include  de- 
livery at  the  pInnL     The  Wages  for  an  8  hr.  day  were: 

Plant    foreman    |(.00 

Foreman  4.00 

Rakers 1.50 


Team  (with  driver) 

In  making  a  box  of  wearing  coat  O.i  cu.  yd.  of  n 
sand  was  used,  but  allowing  lor  losses  in  the  yard,  shrlokave  on 
drying,  etc.,  0.4  cu.  yd.  of  sand  were  bought.  According  to  the 
statement  ol  total  weight  at  atone  dust  used,  there  were  84  lbs.  per 
box.  but.  according  to  the  cost  per  box.  at  |8,E0  per  ton,  It  would 
appear  that  <3  lbs.  were  used. 

No  record  was  kept  of  the  number  of  square  yards  repaired,  the 
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-ho^~  (9  cu.  ft.)  being  Uib  unit  Of  TPoarO.  For  punrosea  of  com- 
parlaon.  however.  I  have  asaumed  that  ei  9  cu.  ft.  box  of  weaiins 
■urface  would  make  5  sq.  ydiL  of  wearing  mrlace  measuritiK  it  ina. 
chick  after  rallliiK.  If  9  cu.  fC  of  looee  wearlnK  surface  Mirlalu 
1/S,  or  16%%,  under  the  roller,  we  have  7^4  cu.  ft  of  compacted 
wearing  surface,  whtch  will  make  exactly  E  nq.  yds.  Z  lua.  thick. 
However,  careful  meaBurementB  on  27  sq.  yda,  made  In  190G  by  Mr. 
John  C.  Sheridan,  Chief  Engineer  of  the  Bureau  of  Highway!  of 
BrtKiUyn,   showed  the  following : 

"When  the  concrete  foundation  waa  completed  ordlnatea  were 
taken  every  few  feet  from  a.  line  stretched  from  curb  to  curb.  These 
sectlona  were  taken  about  2^  ft.  apart.  After  the  1-ln.  binder 
was  laid,  measurements  were  made  from  the  line  over  the  same 
polota.  and  after  the  Z-ln,  wearing  surface  was  laid,  similar  meaa- 
uremenla  were  taken  at  the  Identical  points,  the  material  having 
previously  been  meaeured  in  the  truck.  It  was  found  that  there  was 
a  ahrlnksge  of  21H  per  cent  from  the  loose  meaaure  In  the  truck 
to  the  meaaurement  compacted  In  place,  and  that  there  was  a  shrink- 
age  of  33  per  cent  from  the  plant  meaaurement  to  the  measurement 
compacted  In  place.  This  was  on  the  wearing  surface ;  the  shrink- 
age in  binder  waa  not  determined,"* 

If  we  were  to  assume  the  greater  shrinkage  Indicated  by  this  ex- 
periment. Instead  of  the  ]E%%  ahiinkage  from  the  meaaurement  at 
the  plant,  we  should  get  a  very  much  amallor  yardage  of  2-ln.  pave- 
ment, and  a  correapondlngly  higher  coat.  I  prefer,  therefore,  to 
give  the  benefit  of  the  doubt  to  the  managers  of  the  Brooklyn  muni- 
cipal plant,  by  assuming  that  a  S  cu.  ft.  box  will  make  E  sq.  yds. 
of  l-ln.  wearing  coat. 

The  following  costs  per  box.  are  as  I  have  deduced  them  from 
the  annual  report  for  ISttT,  and  the  costs  per  sq.  yd.  are  baaed  upon 
the  assumption  Jual  stated. 

Cost  or  WmAxaia  8D«r*CB. 

Per 

Per  boK.  sq.  yd. 

<9cu.  ft.)  (2-in.) 

HateriaU: 

0.4  cu.  yd.  gross    (0.3  cu.  yd.   net)  .sand  at  |D. 75.  .10.299  tO.OSO 

•S  lbs.  stone  dust  at  tS,SO  ton 0.110  0.022 

13  Ibe.,  or  I.E3  gala  flux  at  6%   eta.  per  gal 0.121  0.024 

»1  Iba.  aaphatt  at  (24.80  ton 1.1S7  0.22E 

Total   materials    ll.EET         10.231 


O.OST  tons  soft  coal  for  plant  at  t4.O0  per  ton tO-14S  fO.OSO 

4.00SS  tona  hard  coal  for  rollers  at  (G.GO O.OSl  O.DOS 

Oil  and  waste 0.030  O.OOS 

e.OOS  cords  wood  for  street  Are  wagon  at  111.34 0.091  0.018 

If lacellaneoua  aupptles    0.020  O.OOO 

Total  supplies   tO.130  tO.O«e 

'Bnitinefrtng-ContraoHne.  Hay  19,  1909. 
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COBT  or  WBAJUKO  SnWACK   (CONTINUH)). 

Per 

Per  box.  sq.  yd. 

Plant  Charges:  <9  cu.  ft.i  (2  In.) 

Rent    tO.tia  tO.DlIO 

Dump  prlvlleKes 0.018  0.004 

Interest  on  plant  6%  per  yr. 0.108  0.02 1 

Depreciation,   10%   per  yr. 0,242  0.04S 

R^lrs  to  plant   0,091  0,Dlg 

RepairH  to  taola   0,024  D.OOE 

Total    plant   ctiarses tO.680  10.116 

Rant  labor  (IncludlnB  torenmn) |1,43B  tO.i^l 

Haullns,   *,14  miles   0.934  0,187 

Street  Tabor   (includlnf  foremitn)        2.356  0.471 

Superintendent  (f  1,363  for  6^   mos.) O.lfll  0.0S2 

Total  labor 14.889  I0.S7 8 

Grand   total    |7,4B«  11.491 

Attention  should  be  called  to  the  fact  that  tblB  plant  is  new,  and 
that  repair  eosta  are  therefore  sniuller  than  they  will  be  later  on. 
There  le  apparently  nothing  Included  for  chemlat's  salary,  etc 
Nevertheleaa,  the  cost  of  (7.45  per  "box,"  or  tl.49  per  sq.  yd,  of  B- 
In.  surface.  Is  enormously  high.  Note  particularly  the  tremendous- 
ly high  cost  of  each  of  the  labor  Items,  except  the  mperin  tendent. 
Here  Is  a  cost  of  almost  fl.OD  per  aq.  yd.  for  labor  alone  on  a  3-ln. 
wearing  surface  I  Compare  this  with  records  given  elsewhera  In 
this  book.  Even  the  outraf^eously  high  cost  of  similar  municipal 
work  at  New  Orleans  Is  outdone  by  this  municipal  asphalt  repairing 
In  Brooklyn.  (See  page  402.)  However,  they  are  both  typical  o( 
municipally-operated  plants. 

The  cost  of  the  binder  was  as  tollows : 

Cost  of  Bindcb. 

F«rbox 
Material*:                                                                                  (BOLtt.) 
0.3SE  cu.  yds.  stone  at  t1.4G fO.tSB 


at  7%  eta 
It  at  |24,S0 


25. S  lbs.  asphalt 

Total  materials 10.804 

Supplies  (same  as  for  wearing  surface) tO.ISO 

Plant  chargea  ( same  as  for  wearing  surface) O.GID 

Labor  (same  as  for  wearing  surface) 4.8I> 

Grand  total  .|6.70S 

Table  XV  shows  the  output  and  cost  by  months: 

Cost  of  BItullthIc  and  Asphalt  Pavements  and  Repairs,  Torvnto.* 

Mr.   C.   H.   Rust.   City  Engineer  of  Toronto,   Is  autborltr  for  tbs 

following : 

Host  of  the  ttreets  In  Toronto  are  of  a  uniform  width  of  61  ft. 

and  th«  width  of  the  roadway  has  been  fliced  as  follows:    In  busl- 

*B%e1ne»rtnt-C<Mtraethta,  Nov.  IT,  1)0>. 
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nen  dUtrlcts.  where  the  trefllc  Is  falrlr  heavy,  or  where  a  double 
line  of  street  car  tracka  exlet,  the  width  between  curbs  la  il  ft.; 
on  realdentlnl  streeta  the  rule  la  to  have  the  Btreeta  IJ4  ft.  between 
curba.  and  In  a.  few  cases  thia  baa  been  reduced  to  IS  ft.,  but  the 
writer  Is  not  In  favor  of  thia.  By  reducing  the  Width  of  them 
Btreeta  to  the  above  dlmenaiona,  a  conalderable  aavlog  tiaa  been 
effected  to  the  properly  ownera.  and  alan  a  very  large  aavlng  In  the 
general  city  taxes  by  reducing  the  malnteiuuice.  atreet  cleaning, 
watering,  etc. 

Asphalt  pavements  have  been  In  uie  In  Toronto  tor  the  paat  20 
years,  and  have  given  general  aatlsfactlon.  The  Brat  pavement 
laid  was  of  Trinidad  Pitch  Lake,  and  several  atreels  constructed  of 
thia  material  have  been  In  use  16  or  IT  years  before  the  surface 
required  to  be  renewed.  A  few  years  ago  California  asphalt  was 
Introduced  and  the  pavements  constructed  of  It  have  shown  splen- 
did wearing  qualities,  and  may  be  expected  to  give  as  good  ^tls- 
factlon  as  the  eitrtler  pavements.  Texas  asphalt  has  only  been 
used  In  Toronto  for  the  last  two  years.  The  analysis,  however, 
■bows  up  B8  well  as  that  of  any  other  type  of  asphalt  and  may 
bo  expected  to  stand  the  wear  and  tear  ol  general  traffic  equally 
as  well  as  the  others. 

This  class  of  pavement  is  easily  cleaned,  quickly  laid  and  re- 
paired, and  at  the  present  prices  is  tho  most  economical  end  shUs- 
lactory  pavement  which  can  tre  laid. 

Formerly  two  types  were  used,  namely  light  and  heavy,  but  ex- 
perience lins  led  to  dividing  this  Into  three  classes,  light,  medium 
and  heavy.  The  light  calls  for  4  Ins.  ol  concrete  with  2  ins.  of 
asphalt ;  medium  for  G  Ins.  at  concrete.  1  in.  binder  and  t  Ins.  sur- 
face, the  heovy  having  6  Ina  of  concrete,  I  in.  binder  and  1  Ins. 
of  surface.  The  price  at  the  present  time  for  light  asphalt  Is  ft. 45 
per  aq.  yd.;  medium,  }t.7G  per  sq.  yd.,  and  heavy,  12.00  per 
sq.  yd. 

In  190T  Ibe  city  purchased  an  asphalt  plant  with  a  capacity  of 
I.SOO  sq.  yds.  per  day  of  S  hra.,  and  since  then  not  only  have  some 
streets  been  constructed,  but  ail  the  repairs  have  been  made  to 
pavements  which  are  out  of  guarantee. 

The  cost  of  material  and  wages  in  paving  work  ore  aa  followa: 

MaterUiJ: 
Asphalt,  per  net  ton,  f.  o.  b.  Toronto 121.06 


Screened  gravel,  per  cu.  yd.,  delivered  on  street. . 
"It  graveU  per  cu.  yd.,  delivered  on  stiw" 
md  tor  asphalt,  per  cu.  yd.,  at  plant.. 


Cement,   per   bbl„    carload  lots.. 

Crushed  limestone,   per  ton,  on  cars •.*> 

Umeatone  rubble,  per  ton,  on  carl 1.10 

Crushed  granite,  per  ton,  on  cars 1.00 

Limestone  duat  for  asphalt  mixture,  per  ton,  In  bags  of  SO 

Iba..   on  ears S.« 

Granite  blocks,   per   1.000 IT.«0 

Paving  blocks   (brick),  per   l.OOO »4.;0 

Paving  bricks,  per  1,000 11.00 
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lAbarvr^  per  day  of  )  be*. , t  1-00 

PSTera.  per  hr IE  to  .ITH 

Oancrete   Qnlataen,   per  br SE  to  .15 

AqAalt   rakera;   p«T   hr IG 

Cartera   (atnair   ' '     —   "— 

~ ■ — I  (doi 


rouble  team),  per  hr. ES  E-S 

nuuvr  vuBuider,  per  br. .25 

Pm-emen,  per  day fS.OO  to  4.00 

Tbe  coat  ot  cement  curbs  and  sldewalkB  ftt  Toronto  ■■  not  r«- 
prlntod  here,  but  may  be  lomid  In  B»gi*«eriMg-Crmtractaig,  Nov.  17, 
1309. 

Plmt  BMTden. — The  charKee  (or  the  plant  durlns  the  year  1009 
WBTo  aa  tollowa: 

Btnktiia  Fund  on  InvBtlment: 

Coat  of  plant,  I33.B2:.  at  T%   (rate  tor  iO  yrK) J  2,34t.61 

Rental  of  site,  one-half  of  tl.OOO EOO.DO 

Taxes tOl.OO 

iri«ceIlaHsON«  BtnHcf: 

Hallway  sl'dlnK   .' '^ '.,.'.' '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.  80.17 

Insurance   <flre)    S4i.00 

DcfireclatlOD — (a>  buUdlns.  <b)  machinery,  6%  of  tl>.B22     l,67d.lO 

18.000  batches  at  this  year's  average  cost,  .06  eta  for  fuel  l.OSO.OO 

Heat  and  lisht  In  winter 10.00 

Managetneiil : 

M  or  nlary  of  chemist JOO.OO 

Fixed  Cttarget: 

Foreman     l.OK.OO 

Watchman,  summer  and  winter eOB.30 

Timekeeper    81S.O0 

Bnelneer    677.60 

Roller     2S5.00 

Repair* BOO.Oe 


Total    . 
Notfc — At  full  capacity  the  plant  develops  tS,000  batcTiea  In  t 


n  of  ISO  days.  An  estimate  of  18,000  tratches  as  sale,  which 
■i.oi  a  coit  of  68  ctB.  per  batch,  burden.  I(  binder  Is  used  as  well 
as  surface.  It  makes  the  cost  per  batch  76  cts.  There  are  8  sq. 
yds.  of  i-lo.  surface  to  the  batch,  hence  the  plant  burden  Is  nearly 
10  cts.  per  ao.  yd.  of  1-ln.  surface  coat. 

Cost  of  Bapolrs. — The  followInK  was  the  cost  of  resurfacing 
8,117  aq.  yds.  during  the  month  of  June,  1909,  with  a  2-ln.  surface 
Mat: 

Materiati:  Per  sq.  yd. 

O.IS  batch  amhalt  mixture,  at  t2.lt tO.SSO 

0.18  batch  plant  burden   (as  above),  at  10.68...    0.104 

O.Z     lbs.  atone  dust,  at  tO.aO  per  cwt ) 

0.17  lbs.  asphalt  cement,  at  (1.26 }  0.008 

0.008  cords  wood,  at  tB.ll I 

Total  materials t0.4t0 

iMbor  on  Street; 

I^lng     tO.083 

Carting    0.044 

Rolling,   O.OiS  hra,  at  tl.40 0.032 

Total   labor  on  street tO.lBB 
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maceHoHaotia  Chargta: 


Ofllce  CKpenBa   . . 


BnginaerfiiK.    t%     O.OJO 


I  mlBcellaneoui   ■ 


- 10.03! 

Grand   total    tO.SgO 

Note  that  the  Item  "LalMjr"  Includes  only  street  labor,  and  that 
"asphalt  mixture"  and  "plant  burden"  Includes  material*  and  labor 
at  the  planL 

Cost  of  a  Light  Asphalt  Pavement.— A  IlK^it  asphalt  pavement. 
IS  ft.  wide  and  644  ft.  long,  was  laid  on  Broadway.  It  was  b«Kun 
M(iy  27  and  completed  June  19,  1S09.  The  2-ln.  asphalt  nirfaca 
occupied  950  aq.  yds.  (after  deducting  the  cement  gutter  area).  The 
cost  was  as  follows : 

Orading     t0.3G9 

ConcreiB  Foundation   (<-ln.) 0.S77 

Asphalt  Bur  face: 

OABi  batch  asphalt  mixture,  at   12.70 0.427 

Slono  dust,  aap.  cement  and  wood 0.004 

CarttnK   asphalt    mixture O.OJg 

Lnbor    on    street 0.017 

HolllnK,    0.005   hrs.,  at   11.40 O.OOT 

Total    asphalt    surface tO.488 

Mitcellaneotia    cAar^ea    fO.lOO 

Grand   total tl.B24 

The  labor  on  the  concrete  foundation,  exclusive  of  carting  the 
materials,  was  only  9  cts,  per  eq,  yd. 

Note  that  the  »2.70  per  batch  of  "asphalt  mixture"  Includes  labor 
at  the  plant  and  plant  burden,  as  well  as  materiala 

Cost  of  Medium  Asphalt  Psvement.— An  asphalt  pavement  (l.SEl 
sq.  yds.)  consisting  of  a  6-ln.  concrete  base,  1-ln.  binder,  and  2-ln. 
surface  was  laid  on  Backvllle  St.,  el  the  following  cost: 

Omdltto; 

Labor    lO.ITO 

Honing,   at   11.40  per  hr. 0,027 

Total   grading   J0.20J 

Concrete    Foundation    (0.661 

Aaphalt: 

0.D9B    batch  binder,  at  I1.9B 10.182 

0.17     batch  asphalt  top,  at  ».70 0.4S0 

Stone  dust,  cement  and  wood O.OOG 

Carting    0.M7 

Labor  on   street 0.641 

Rolling,    O.OII    hrs.,  at   11.40 O.OU 

Total   asphalt    tO.Tll 

HUoeaaneoiu     >0.080 

Grand  total   I1.610 

The  labor  on  the  concrete  coat  S  eta.  per  aq.  yd.,  ezduslva  of 
carting, 
coat  o(   BltulHhlo   Pavement— On  Alhambra  Are.,  for  a  dtsbaace 
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of  t«<  ft.,  a  bitullthic  pftvement  waa  laid  on  4-iQ.  concrete.  TIS  iq. 
yds.,  at  the  (oIlowtnE  cost ; 

Gradtas      tD.2Gl 

Cotumft  Foundatioti    ; O.SIl 

Bf  hint  Ate   Sur^ooe: 

BltuUtMc  materials   tl.IGO 

Carting 0.08S 

Labor    on    atreet O.OSO 

Rolling    O.OIS 

Total   bttuUthlc    tl.308 

MltcellantmLt    dMrgei    fO.lTO 

Grand  total   12. J2S 

Co«t  of  Repalri  to  Aiphalt  Pavementa,  •yraoiue,  N.  ¥-■— Valu- 
able data  on  the  amount  and  coit  of  repair*  of  aaphalt  pavementa 
ax  SrracuM),  H.  T..  are  B^ven  In  hie  annual  report  by  City  EiaKlneer 
H.  C.  Allen.  In  addition  to  the  data  On  life  and  coat,  the  report 
preaenti  a  plan,  which  will  Intereat  city  engineer!,  for  determlnlDB 
when  repairs  ahould  cease  and  the  pavement  be  reaurtaced.  We 
<Iuote  Ur.  Allen's  report  aa  follows: 

The  llrM  asphalt  pavements  In  Syracuse,  N.  T.,  were  laid  In  1889, 
20  years  aco.  Since  that  time  more  or  less  of  tlile  kind  of  pavement 
tma  been  laid  each  year,  excepting  1891  and  1891,  until  at  present 
tbere  ore  about  8ZG.O00  sq.  yds.,  outside  of  the  railroad  strip  and 
exduMve  of  aaphaltlna.  In  190Z,  the  Department  of  Public  Works 
conunenced  to  r^)aiT  systematically  all  asphalt  pavements  out  of 
guarantee  and  to  make  a  record  of  the  amount  of  work  done  and  Its 

«OBL 

Following  la  a  table  showing  the  total  number  of  square  ^ards 
of  asphalt  pavement  out  of  guarantee,  and  the  total  cost  of  repairs 
each  year  from  lilOS  to  1908,  both  Inclusive. 

Total  Repairs  Total 

Sq.  Yds.  Sq.  Tda  Cost 

",*14  t  a,6BS.40 

,710  4,K86.ie 


11,674  £4,0»S.14 

17,831  S4,028.0S 

Tolali   .89,402  197,714.88 

The  total  amount  of  aqihalt  pavement  required  was  89.402  aq. 
yd*.,  and  the  cost  197,714.38,  or  tl.41  per  sq.  yd.  of  patching.  Be- 
aldea  this,  there  bafl  been  a  large  amount  of  asphaltlna  pavement 
repaired.  The  laying  of  aaphaltlna  ceased  In  189S  and  It  has  al- 
ways been  kept  In  repair  with  asphalt. 

During  the  past  two  or  three  years  It  has  been  observed  that  the 
older  asphalt  pavements,  those  laid  in  189S  and  previous  thereto, 
were  fast  reaching  a  condition  Impracticable  to  repair,  and  a  time 
-when  a  new  surface  must  b«  laid.     It  waa  also  noticeable  that  the 


*BnvtiKtring-Oo»tracU*g,  Mar.   1,   1909. 
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greater  part  of  the  cost  of  repairs  waa  upon  thea«  old  pavements. 
Because  of  these  observed  facts,  and  the  constantly  increasltiK  an- 
nual charge  for  repairs,  a  study  and  analysis  of  the  records  were 
undertaken  with  a  view  to  reconunendlng  a,  policy  on  the  part  of 
the  Department  of  Public  Works  wllb  reference  to- the  mainten- 
ance of  tbiH  class  of  pavements.  According  to  the  provisions  of 
the  Charter,  the  cost  o(  paving  streets  has  been  paid  by  the  owners 
of  BbuttInK  property  and,  after  the  expiration  of  the  guaranty  period, 
the  E>epartment  of  Public  Works  has  made  the  necessary  repalra. 
The  analysis  above  referred  to  ehow  that  the  cost  per  square  yard 
per  year  for  repairs 
This  ratio  has  b 
In  this  city  as  follows: 

Cost  Per  Sq.  Yd,  Total  Cost  tc 

Tear  of  th"  Per  Tr.  at  J1.41  DateEachT 

Pavement  Life.  Per  Sq.  Xd.  Sq.  Yd. 

Sth  (0.003  JU.DU:! 


es  as  well  as  from  tlie  contemplft' 
lai  cost  from  year  to  year,  Itiat  the  re- 
:s  by  the  Department  ot  Putdlc  Work* 
without  Involving  the  resurfacing  of  «D- 

The  Charter  provides  that  the  reeurfaclng  ot  street  pavements 
shall  be  done  at  the  expense  of  the  owners  ot  abutting  property, 
and  the  problem  here  to  be  solved  is  the  determination  of  the  time 
at  which  the  Department  of  Public  Works  shall  cease  making  re- 
pairs, and  leave  the  pavement  to  be  resurfaced  In  the  manner  pro- 
vided by  law.  Several  suggestions  have  been  made,  one  that  a 
pavement  having  once  been  laid,  the  city  shall  keep  It  In  repair  for 
a  certain  period  of  years,  say,  until  It  Is  IE  years  old :  another  that 
a  pavement  shall  be  kept  in  repair  by  the  city  until  a  certain  per- 
centage of  Its  area  ahall  have  tieen   repaired. 

Objection  Is  found  to  the  flrst  proposition  In  that  the  lives  of  pave- 
ments vary  with  their  location  and  the  volume  of  IrafHc  to  which 
they  are  subjected.  Some  of  the  asphalt  pavements  are  found  to 
have  had  as  low  as  1  per  cent  of  the  total  surface  repaired  and  to 
be  still  In  fair  condition  at  the  end  o(  li  years,  while  others  not 
■o  favorably  located  and  sustaining  heavy  tralHc  have  had  more 
than  60  i>er  rent  of  the  total  surface  repaired  In  the  same  pentxi. 
and  are  not  callable  of  further  repairs.  It  Is  evident  that  a  tiard 
and  fast  rule  that  all  axphalt  pavements  must  be  resurfaced  at  lh« 
end  of  IE  years  of  life  will  not  operate  In  an  equitable  anj  con- 
sistent manner,  for  the  reason  that  In  some  cases  the  condition  ot 
the  pavement,  due  principally  to  Its  use.  wtll  require  resurfacing  at 
an  earlier  period,  and  In  other*  the  rule  will  require  the  dcstnic- 
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Uon  and  raplscement  at  «  pavemmt  which  atlU  bas  Id  It  the  ability 
to  roDder  service  (or  b,  longer  period. 

The  propoaltlon  that  the  city  ke^  tui  oaphalt  pavement  In  r«palr 
ontll  nich  a  time  ae  a  certain  percentoKe  of  Its  total  area  haa  been 
reiHlrad  if  mi  to  meet  the  requiremenu  Of  the  situation  In  a  more 
practical  and  equitable  manner. 

The  study  of  tlie  InConnatlon  contained  in  the  record  of  repairs 
■hows  thai  after  Che  tenth  year  of  life,  the  amount  of  repairs  per 
•quare  yard  per  year  Increases  at  a  much  more  rapid  rate  than  In 
pravlaua  yeara  The  results  obtained  by  taking;  Ihe  mean  or  aver- 
axe  of  the  quantity  of  repairs  to  pavementa  which  have  reached  the 
axe  considered  la  as  follows: 

Tear.  Amount  of  Repalra  Sq.  Tda 

llth  Tear— Per  Sq.  Yd.,  Per  Tear: 01 

12th  Tear — Per  Sq.  Yd.,  Par  Tear Ug 

IJth  Tear — PerSq.  Yd.,  Per  Year OS 

]4tb  Tear — Per  Sq.  Yd.,  Per  Tear 13 

Total  repairs   0.31 

AvcraKe  from  6th  to  lOlh  year  Inclusive 0.0S5 

Total  for   14  years    0.376 

It  Is  also  to  be  observed  that  In  the  majority  of  pavements  the 
Kttneial  condition  at  the  time  rq)alra  to  tlw  aztent  of  ST^  per  cent 
have  been  made  Is  sucb  as  to  render  further  repairs  Impiactlcable, 
and  resurfadns  necasaary. 

TaUng  the  averaKe  of  all  pavements  of  tbl*  kind.  It  Ih  found  that 
at  the  end  o(  the  14  years  Of  life  the  percentage  of  37  14  per  cent  of 
tbs  total  area  has  been  rqjaired,  tbe  extremes  being  such  streets 
as  North  and  South  Salhia,  which  reach  the  limit  In  11  years,  and 
others  such  as  Davis  and  Fitch  streets  which  liave  not  required  G 
per  cent  repairs  In  12  or  11  rears. 

It  Is  therefore  recommended  that  It  be  the  policy  of  the  De- 
partment of  Public  Works  to  keep  up  the  repairs  to  asphalt  pave- 
ments until  nich  time  as  the  total  repairs  thereon  have  reached 
17%  per  cent  of  the  total  area:  that  having  made  repairs  to  that 
extent  upon  any  pavement  It  be  abandoned  for  further  repairs,  and 
reported  to  the  Common  Council  as  a  proper  -object  for  resurfacing. 
It  should  be  noted  In  connection  with  this  dlscusHlon  and  the  gen- 
eral one  of  the  participation  by  the  city  at  large  In  the  cost  of 
pavements,  that  by  paying  the  cost  of  repairs  until  the  time  Ihe 
peroentage  of  total  surface  above  commended  has  been  reached,  the 
City  at  large  participates  In  the  cost  of  the  pavement  during  the 
period  of  Its  life  to  the  extent  of  about  GS  cts.  per  square  yard  or 
nbovl  SO  per  cent  of  the  total  cost  of  the  perishable  portion  of  the 


(For  a  correct  mattiematlcBl  dtscuMlon  of  problems  of  this 
natorot  oODMit  Section  I  of  this  book,] 

If  It  Is  thouBht  to  iMi  advisable  that  the  general  scheme  of  pavlnit 
i>— iiiiiiiiii  III  now  In  force  should  be  changed  by  Charter  amend- 
meot.  ao  that  the  dty  at  large  Is  made  to  participate  In  a  portion  of 
tb«  original  cost  of  a  pavement.  It  ts  suggested  that  It  would  be  an 
equitable  arrangement  In  malting  such  assesamenta  to  constder  tliat 
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the  BtTMtl  cro«Md  br  an;  proposed  pavement  are  clt7  proparty 
fTontlnK  the  iroprovament,  and  to  charge  the  coat  ol  the  pave- 
ment to  thlf  property  at  the  aame  rate  per  loot  front  as  other 
property  along  tho  line  le  called  upon  to  pay. 

Co«t  of  Repair!  and   Life  of  Aaphelt,  Waihlngton,  D.  C— Capt 

H.  C  Newcomer  Rives  the  foUowInB:     On  July  I,  1903,  there  were 

S,SS6,TSS  aq.  yds.  of  sheet  asphalt  pavements,  od  3.4SG,T32  sq.  yds. 

of  which  the  5  yr-   guarantee  had  expired.     The  following  is  Iho 

number  of  aq.  yda.  of  given  age  above  S  yre, : 

Age,  Team  8q.  Tda.  Age,  Tears.  8q.  Yds. 

G         9T,E42  19  S0.9ST 

B         99.9ST  20  10g,lGG 

7         gl,4»7  SI  »6,T6Z 

g        109,128  Zt  lDe.43» 

»        10B,C93  2S  11S,6ET 

10  101,291  24  10,149 

11  1J0.T4E  35  tE,41T 
li  209,832  28  21,889 
IS  202.194  2T  18,041 
14        105.748           28  30,082 


Total    2,277,144 

The  average  age  of  the  above  Is  14.8  years.  The  average  ag«  of 
the  areas  patched  during  the  (Iscat  year  ending  July  1,  1903,  was 
21  years.  The  patching  Is  done  by  contract,  and  Is  not  paid  for  by 
the  eq.  yd.,  but  by  the  cubic  foot  of  mixed  matertals  measured  In 
tho  cart,  the  price  being  as  follows : 

Per  cu.  (L 

Asphalt  aurfnc^   10.49 

Asphalt    binder    0.iS 

The  standard  paviment  has  a  O-ln.  concrete  base,  a  IM-tn.  Under 
course  and  a  1K-ln.  wearing  surface — total  3  Ins.  of  asphalt  meas- 
ured after  rolling. 

The  contract  price  for  a  standard  asphalt  pavement  Is  |1.G9  per 
sq.  yd.,  the  pavement  having  a  8-in.  base  (1  part  Portland  cement, 
4  parts  sand,  6  parts  gravel  and  E  parts  broken  stone),  on  which 
is  laid  2  ina  of  binder  and  2H  Ina  of  asphalt  surface,  iTOth  meas- 
ured before  compression. 

The  cost  of  repairs  during  the  year  of  1903  was  2.8  eta.  p«r  aq. 
yd.  for  pavement  of  all  ages,  being  dlstiibutsd  thus: 
Age  of 
X^emento,  Cost  Bepalra 

Tears.  per  Sq.  Td. 

B  to  10  1.88  eta. 

10  to  II  3.37  cts. 


This  relates  only  to  patching  and  doM  not  Include  any   entlrv 
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CMt  of  R*palrlnB  Aaphilt  Pav«m«nt  In  Variou*  Amirlcan 
CIttoB.* — The  committee  appotntea  by  the  Municipal  Bnsliieera  o( 
the  City  of  New  York  to  InveatlKate  the  coat  of  repairiOK  aaph&lt 
pavranent  ba>  aubmltted  a  report  of  their  work,  from  wblcli  we  take 
the  followlDK  data-  A  blajik  prepared  by  tbe  committee  waa  sent 
to  20  of  the  leadfna;  dtlea  In  Uke  country  which  have  the  larsest 
amanDt  of  asphalt  pavementa,  wIUi  the  requeat  that  It  be  QUed  out 
In  detail  The  object  waa  not  only  to  aacertain  the  actual  cost  and 
method  of  repairing  asphalt  pavementa,  but  If  powlble  to  deter- 
mine the  coat  of  repairs  according  to  the  axe  of  the  pavements. 
Only  el^t  of  the  cities  raplylng  have  kept  their  records  in  such 
shape  that  this  could  b«  obtained  and  the  results  are  emt>odled  In 
the  accompanying  table.  The  flsures  In  Table  XVI  are  all  for  the 
year  190G  aic«pt  'Washington,  which  Is  for  the  year  ending  June 
30,  1905.  Although  not  being  able  to  furnish  Just  what  was  desired, 
the  following  cities  gave  Information  r^arding  their  methods: 

In  Philadelphia  there  are  about  ZE  miles  of  asphalt  out  of  guar- 
antee and  It  la  stated  they  all  required  resurfacing  entire.  The 
prices  for  resurfacing  In  patches  of  lOO  aq.  yda  or  less  tor  t90t 
are  11.19  per  sq.  yd.,  patches  between  100  and  GOO  aq.  yda  tl.lT  per 
sq.  yd.,  for  surfaces  from  600  to  1,000  sq.  yds.,  (1.11  per  eq.  yd.,  for 
over  1,000  sq.  yds  fl.OT  per  aq.  yd.  It  Is  said  the  amoimt  expended 
per  year  depended  upon  the  annual  appropriation  rather  than  the 
need  of  the  streets. 

In  Ulnneapolls  the  area  r^ialred  last  year  was  wholly  Id  streets 
nndar  guarantee  where  the  contractor  had  failed  to  live  up  to  his 
agreement  They  Were  made  at  a  cost  of  tl-SE  per  sq.  yd.  The  to- 
tal yardage  laid  under  thh)  agreement  was  4,5SG  sq.  yds.,  but  no 
statement  was  made  as  to  the  total  area  of  the  streets  as  repaired. 

In  Omaha  the  repairs  are  made  by  a  municipal  asphalt  plant, 
and  while  no  statement  was  mode  of  the  coat  by  the  age  ol  the 
pavements,  the  total  of  E.8%  of  the  entire  yardage  repaired  was  re- 
laid.  This  would  mean  at  a  cost  of  82  eta  per  sq.  yd.,  an  average 
o(  4%  eta  over  the  entire  area. 

In  gansas  City  the  method  of  repairs  Is  such  that  the  following 
qtiotation  Is  made  from  a  letter  of  the  Engineer : 

"We  have  repaired  since  leot,  when  the  first  repairing  of  asphalt 
pavemoits  out  of  maintenance  was  t>egun.  41  miles  of  streets. 
amounting  to  88,000  (q.  yda.  coating  1124.177.66.  The  cost  of  this 
work  has  been  11. EO  per  atiuare  yard  until  within  the  last  year,  when 
the  Bcononiic  Asphalt  Repair  Co.  came  Into  the  Held  with  their 
SurtMw  Heotar.  Since  then  the  price  has  J>een  cut  to  90  eta  per 
square  yard.  Prevlons  to  this  time  all  repairing  work  was  done 
by  the  Barber  Ai^balt  Paving  Co.,  and  the  method  used  was- to  cut 
out  all  worn  asphalt  and  replace  by  new.  This  latter  method  was 
very  unsatisfactory,  leaving  the  street  In  a  lumpy  condition,  and  In 
a  abort  while  after  this  work  was  done  a  bad  place  or  hole  was 

'B^Btnetriitii-CoiUTaiitt^g,  Bept   19,  1908. 
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IIkel7  to  develop  alongfllde  the  place  repaired.  It  Is  alao  very  dUn- 
cult  under  tlilB  method  to  get  a  good  Joint.  These  repKlr  contract* 
■re  for  two  years — they  aKreelns  to  keep  the  street  In  condition 
durlDK  the  two  years  of  tbeir  contract  and  tax  bills  belnx  Issued  Cor 
the  work  done  on  the  street  at  the  middle  and  end  of  the  Derlod  at 
their  contract.  This  has  resulted  In  the  work  being  In  a  state  of 
oootlnual  repair,  tax  bills  being  Issued  at  the  end  of  each  year,  at 
the  end  of  the  period  of  the  contract  the  street  being  In  a  little  bet- 
ter condition  than  when  started." 

Tn  New  Tork  City,  Boniush  of  Manhattan.  It  Is  reported.  In  1*04, 
!G5,000  eq.  yds.  were  maintained  at  a  coat  of  tZ01,lGT.3S,  or  prac- 
tically an  average  of  78  eta  per  sq.  yd.;  In  190B,  <B0.aS2  sq.  yda, 
at  B  cost  of  tlSl,SO0.90.  or  an  average  of  S4  cts.  per  sq.  yd. ;  In  l$Ot 
there  wUI  be  maintained  Teo,trsi  sq.  yds.,  at  an  estimated  coat  of 
tZ16,Z3fi,  or  28^  eta.  per  sq.  yd.'  The  flKures  of  Manhattan  are  very 
much  more  than  for  any  other  city.  This  Is  probably  due.  It  Is  con- 
ddered,  to  the  heavy  traffic  ot  the  Manhattan  streets  and  the  fact 
that  many  streets  have  been  paved  with  asphalt  where  that  ma- 
terial does  not  make  an  economic  pavement. 

[I  do  not  concur  with  this  conclusion  at  alL  The  City  of  N«w 
York  Is  one  of  the  most  extravagant  cities  In  the  world,  as  well  as 
one  that  has  mirfered  most  (rom  "Eralt."] 

Specific  Gravity  of  BltulEthlc  and  Asphalt  Pavsmsnts,— Ifr.  J.  W. 
Howard  states  that  the  specific  gravity  of  a  sample  of  bltullthlc 
pavement  In  Baltimore  Waa  2.83,  as  compared  with  2. SB.  which  was 
the  ^lecUlc  gravity  of  the  broken  stone  used  In  Its  constructlnn,  the 
pavement  being  only  9%  less  dense  than  the  stone.  He  stales  that 
a^halt  pavements  have  a  specific  gravity  of  1,90  to  2.24,  aa  com- 
pared with  2.ea  or  LTD,  which  Is  the  density  of  the  sand  and  lime- 
Stone  dust  used  In  their  construction.  Indicating  that  the  pave- 
ment averages  about  20%  less  dense  than  the  minerals  of  which  It 
la  made. 

Cost  or  Asphalt  Cross  Walks.— Mr.  H.  B.  R.  Craig  gives  the  data 
upon  which  the  following  Is  based : 

In  Kingston,  Canada,  the  craaalng  of  macadam  streets  are  made 
ot  aa>halt,  which  has  been  found  to  have  a  life  of  10  to  20  yeara 
A  small  plant,  coating  only  flOO,  is  used.  It  consists  of  a  40-gaL 
ajqihalt  boiler,  a  raail  heater  {100  aq,  ft.  of  surface),  and  a  rolxlng 
board  of  the  same  size.  The  sand  heater  Is  a  ^-In.  sheet  Iron  plats 
resting  OD  tour  brtck  walls  2  fL  high  and  1  ft.  thick,  enclosing  an 
oven.    The  fuel  (wood)  Is  ted  through  a  hole  In  the  wall. 

The  following  is  the  gang: 

1  men  heating  asphalt  and  sand  and  mixing,  at  f  l,SO t  TliO 

1  cart  hauling  to  the  street 2.26 

t  men  laying  and  finishing  the  asphalt  surface S.OO 

Total.  800  so.  ft,  at  S.2S  cts. I   9.75 

t  men  pr^iaiinK  tbe  foundation,  at  tl.GO J.OO 

Ormnd  total,    100  sq.    ft,   at   4.2S   cts (12.76 
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The  foUowins  waa  the  coat  of  IG.OOO  aq.  ft  of  aapbait  cfomIdkb 
laid  In  ISOGi 

PerBq.  ft. 
Uateriatt:  Ct& 

Stone    0.217 

Aaphalt,  at  I.G7  cts.  per  lb S.S90 

Cement,  at  fl.TO  per  bbl O.OSO 

Tarred  sravel,  at  JG  cts.  per  cu.  yd. D.SIO 

Sand,  at  30  eta  per  cu.  yd 0.S3U 

Fuel    {very   cheap) 0.110 

Hardware    O.OIG 

Total  materials   E.30! 

Labor: 

BoilInK  asphalt,  heatinz  Band,  etc 1.2G0 

Carting    , l.OSt 

Laylnr  and  flnlBhlng  surface O.SIT 

Preparing    foundation    1.020 

Total  labor  *.2T6 

Grand  total   1. 677 

The  fuel  was  old  wood  and  Its  cost  was  merely  the  cost  of 
hauling  It. 

The  method  of  construction  Is  as  follows:  The  ma^jitim  fa 
shaped  to  the  desired  croBS-aectlon.  and  a  load  or  two  of  tarred 
gravel  la  spread  across  the  street.  The  aaphalt  mixture  Is  laid  on 
this  foundation  to  a  thickness  of  2  Ina  It  Is  well  tamped  along  the 
edges  and  rolled  with  a  2-man  roller.  The  tamper  and  roller  inust 
be  oiled  to  prevent  the  mixture  from  adhering.  A  thin  coating  of 
cement  la  sprinkled  over  the  surface  and  wetted  down,  about  1  lb. 
of  cement  for  ever;  10  eq.  ft. 

The  surface  mixture  Is  made  by  heating  ZTO  Iba  of  Acme  asphalt 
to  300°  P.  and  maintaining  that  temperature  for  2  hrs.,  constantly 
stirring.  Twenty  bushels  of  medium  coarse  sand  (screened  through 
K-lD.  screen)  are  heated  to  drive  oil  moisture.  The  ai^lialt  and 
sand  are  mixed  by  hand  on  a  mixing  board. 

Asphalt  walks  are  rimllarlr  constructed  on  a  base  of  4  Ins.  of 
tarred  gravel  laid  on  rammed  cinders. 

Coat  of  Mixing  ConcratB  Bass  By  Hand.— The  ordinary  labor  colt 
of  concrete  foundations  Is  0.4  to  O.G  o(  a  lO-hr.  day's  wages  per  cubic 
yard  of  concrete,  although  occasionally  it  may  be  as  low  as  O.t  of  a 
day  where  two  mixing  Bangs  are  worked  aide  by  side  under  separate 
foremen,  and  under  an  exacting  contractor.  In  BUcb  a  case,  the 
rivalry  between  the  two  mixing  gangs  where  the  progress  of  the 
work  can  be  seen  at  a  glance,  as  In  laying  pavement  foundations, 
will  Insure  a  saving  of  at  least  2!>%  In  the  labor  Item.  The  follow- 
ing, taken  from  my  note-books  and  time-books.  Indicates  the  ordi- 
nary cost  of  concrete  mixing  and  laying: 

Com  I.  lAylng  8-In.  pavement  foundation.  Btone  delivered  and 
dinnped  upon  S-ln.  plank  laid  to  receive  It.  If  dumped  dlrtctty  upon 
the  ground  tt  costs  half  as  much  again  to  ahovel  It  np.  Sand  and 
■tone  were  damped  along  the  atreel,  so  that  the  haul  In  wheelbar- 
rows to  mixing  board  was  ftbout  40  ft    Two  gangs  of  man  worked 
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The  labor  coat  waa  aa  follors  for  ti  cu.  jda.  per  gang: 

Per  day.     For  cu.  yd. 
4  men  fllUnB  borrowa  with  none  and  aand  ready 

for  tba  inlx«rB.  wbbbb  IE  ct&  per  br t  4-OD  fO.lt 

IB  mm,  wheeUnc,   mixing  and   Hhovellns  to  place 

t3  or  1  atepi).  wagea  IE  eta  per  hr IE. 00  O.tt 

1  men  rammlns.  wage*  IS  cts.  per  hr. t.OO  O.OT 

1  foreman  at   30  ctm   per  br.  and  1   water  boy. 

6    cte.    S.ED  0.08 

Total     I27.E0  10.61 

Coat  tl.     Bometlmei  It  Ih  deatrable  to  know  every  minute  detail 
at  coat,  for  which  pujpoae  I  give  the  following : 


dins  aan 
nmuic 


1  foreman  and  1  water  boy  equivalent  to. 

I  wheeltnK  aand  and  cemebt  to  mix. 

[whaellns  atona  to  mixing  board 

I  men  {  mixing  mortar   

I  mixing  atone  and  mortar 

Lplaclng  concrete   (walking  IS  It). 


Total 


In  one  reapect  thia  la  not  a  perfectly  fair  example  (although  It 
repr«aenta  ordinary  practice),  for  the  mortar  waa  only  turned  over 
once  fn  mixing  Instead  of  three  times,  and  the  stone  waa  turned  only 
twice  huteod  of  three  or  tour  tiniei.  Water  waa  used  In  great 
abundance,  and  by  Us  puddling  action  probably  secured  a  very  fair 
mixture  of  cement  and  sand,  and  In  that  way  secured  a  better  mix- 
ture than  would  be  expected  from  the  amall  amount  of  labor  ex- 
pended In  actual  mixing.  About  S  eta.  more  per  cu.  yd.  spent  In 
mixing  would  have  secured  a  perfect  concrete  without  trusting  to 

C<ue  III.  Two  gonga  (34  men)  working  under  separate  foremen 
averaged  tOD  sq.  yda,  or  100  cu.  yda.  of  concrete  per  tO-br,  day  lor 
a  season.  ThIa  la  equivalent  to  3  cu,  yds.  per  man  per  day.  The 
atone  and  ^uid  were  wheeled  to  the  mixing  board  In  barrows,  mixed 
and  shoveled  to  place.  Bach  gang  waa  organlied  as  follows ; 
Per  day.     Per  cu.  yd. 

i  inen  loading  barrows  t  4.00  to.i2 

»  men  mixing  and  placing 13.50  0.2T 

1  men  tamping    3.00  O.OS 


Total     125.00  |0.S0 

Theae  men  worked  with  great  rapidity.    The  above  cost  of  EO  cts. 
per  cu.  yd.  It  about  aa  low  as  any  contractor  can  reasonably  expect 
to  mix  and  place  concrete  by  hand  In  pavement  work. 
Caae  tV.     Two  gangs  of  men,  34  In  all.  working  side  by  side  on 
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aeparate  mixing  boarOs,  averased  T:!D  n|.  ydn,  or  120  cu.  yds.,  per 
10-hr.  day.    Eacli  gang  wus  arganised  as  follows: 


Per  day.     Per  cu.  yd. 
.1  9.00  lO.lE 


B  men  looilInK    and    wlieellns. 

S  men  mUlnK  and   pluctni; i.;.uu  u.ju 

2  men  Camping    3.00  O.OE 

1   foreman    3.00  _        0.05 

Total 127.00  tO.<S 

Instead  of  shaveling;  the  concrete  from  the  mixing  board  into 
place,  the  mixers  loaded  it  Into  barrOW)!'  Uid  wliceisJ  It  to  place. 
The  men  worked  with  great  rapidity. 

Coao  V.  Mr.  Alfred  F.  Harley  Is  authority  for  the  following: 
In  laying  concrete  foundations  for  street  pavement  In  New  Orleans. 
B  day's  work.  In  running  three  mixing  boards,  covering  the  full 
width  of  the  street,  averaged  BOO  sq.  yda,  E  Ina  thick,  or  160  cU  yda 
with  a  gang  of  40  men.  With  wages  assumed  to  be  l&cta  per  hr.  the 
labor  coat  was: 

eta  per  cu.  yd. 
G  men  wheeling  broken  stone t 

3  men  wheeling  sand    , 3 

1  man  wheeling  cement  1 

8  men  taking   concrete  off 8 

I  man  attending  run  planks 1 

i  extra  men  aiid  "l'  Voremaii! '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.     4 

Total    labor    cost 38  eta 

Case  VI.  The  following  cost  of  a  concrete  base  for  pav«nients 
Gt  Toronto  has  been  atnatractcd  from  a  report  (1892)  o(  the  City 
Engineer,  Mr.  Oranvllte  C.  Cunningham.  The  concrete  was 
1:SU:TK  Portland;  2.430  cu.  yda  were  laid,  the  thickness  Iwlng 
S  Ina  :  at  the  following  cost  per  cu,  yd. : 

0.7T  bbl.  cement,  at  J2.T8 $114 


1.  yd.  sand  and  gravel,  at  (0.30.. 
(IB   eta   per   hour) 


!,  at  J1.9 

Total     14.84 

Judging  by  the  low  percentage  of  stone  In  so  lean  a  mixture  as 
the  above,  the  concrete  was  not  fully  6  Ina  thick  as  assumed  by 
Hr.  Cunningham.  Note  that  the  labor  coat  was  1  ^  to  2  times  what 
It  would  have  been  under  a  good  contractor. 

It  la  also  noteworthy  that  Portland  cement  was  used.  Until  quite 
recently  natural  cement  has  been  used  almost  exclusively  In  pave- 
ment foundations  In  America.  A  natural  cement  concrete  la  usually 
made  1:2:G.  the  cement  being  measured  loose,  so  that  alMut  1.15 
bbia  of  cement  are  re<iulred  per  cubic  yard  of  concrete,  A  mifll- 
clently  good  Portland  cement  conrrele  can  be  made  with  %  bbl, 
cement  per  cubic  yard  ;  and.  If  the  mixing  Is  well  done  In  a  me- 
chanical mixer.  II  ts  safe  to  make  concrete  for  pavement  (ounda- 
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tloiu  I  Itia.  thick  usine  not  more  than  Vt  Vb\.  at  PoTtland  cement 
twr  cubic  yard. 

C(ue  yit.  Mr.  Cliarles  Apple  glvM  the  folloirinK  data  on  the  colt 
of  a.  G-ln.  concrete  foundation  for  a  brick  pavement  at  CbaropalKii, 
IIL  The  concrete  was  1:3:3,  natural  cement,  mixed  by  hand.  Tha 
material  was  brought  to  the  ateel  mixing  plate  from  piles  10  to  60  tL 

Cost  per  cu.  yd. 

l.i  bbla  cement,  at  10.50 lO.GOO 

O.S  cu.  yil  sand  and  gravel,  hi  tl 0.600 

O.e  cu.  yd.  broken   atone,  at  tl.40 0.S40 


4  men  wheeling  gravel,   at  11.76 0.047 

1  foreman,   al   14 0.027 

Total  per  cu.  yd. (2.387 

The  cost  of  mixing  and  placing  Ihla  concrete  was  only  IE  eta  per 
cu.  yd.,  a  gang  of  ZS  men  and  1  foreman  placing  ISO  cu.  yda,  or  000 
■q.  yds.,  per  day.  I  do  not  believe  these  flgures  of  Mr.  Apple  to  be 
trustworthy,  for  reamna  given  on  page  SCO. 

Cmt  of  Machine  Mixing  and  Wagon  Hauling,— Mr.  G.  D.  Flaher. 
Aast  BugT..  The  Idclede  das  Light  Co.,  St.  LauIb,  haa  given  the 
following  data  on  the  mixing,  delivering  and  placing  of  Portland 
cement  concrete  for  a  pavement  baae  S  ina  thick. 

The  gravel  was  dumped  from  wagons  Into  a  large  hopper,  ralaed 
by  a  bucket  elevator  Into  bins,  and  drawn  oil  through  gates  Into 
receiving  hoppers  on  the  charging  platform  where  the  cement  was 
added.  The  receiving  hoppers  discharged  Into  the  mixers,  which 
dlschai^ed  the  mixed  concrete  Into  a  loading  car  that  dumped  Into 
wagons,  which  delivered  It  on  the  street  where  wanted.  The  long- 
er haul  In  wagons  Waa  SO  mlna,  hut  careful  teata  showed  that  the 
concrete  had  hardened  well.  The  wagons  Were  patent  dump  wagons 
of  tbs  drop-bottmn  type. 

Mr.  Plsher  says : 

"You  may  consider  the  following  figures  a  (air  average  of  the 
plant  referred  to.  working  to  Its  capacity.  To  these  amounts,  how- 
ever, must  be  added  the  Interest  on  the  investment,  the  cost  ot 
wrecking  the  plant  and  the  depreciation  of  the  same,  superintend- 
ence, and  the  pay  roll  that  must  be  maintained  In  wet  weather,  t 
am  aasumlng  the  street  as  already  brought  to  grade  and  rolled. 

"With  labor  at  (1.T5  per  day  of  ID  hrs.,  teams  at  |1,  engineer  and 
foremen  at  t3,  and  engine  at  |5  per  day.  concrete  mixed  and  put  In 
place  by  the  above  method  coats : 

To  ml:^    lO.ia  "to'  ^O^IB 

To  deliver  to  street 0.10   to     0.14 

To  spread  and  tamp  in  place 0.03  to    0.11 

Total     t0.30  to  10.40 


.   •!—— ~  :^UM.  miU  kr  Mimkd' 


.    Knnte.  !C  X,  and 


E.  n  ::&«  nsuiaer 
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(Sw  oMerete  approached  the  mixer,  leta  taanlliiK  was  required,  and 
SnUr  onljr  2  carts  were  used. 

Tbe  BrlKga  cart  la  provided  with  an  Insenlous  dumping  device 
that  la  operated  by  the  driver,  who  does  ni>t  loave  Iha  horse's  head 
(o  dump  the  cart  As  Is  customary  with  all  one-horse  carta  on 
ituirt  haul  work,  the  driver  leads  the  horse.  The  cart  dumps  from 
(he  bottom  and  spreads  the  load  In  a  layer  about  8  or  B  Ina  thick, 
■0  that  no  greater  amount  of  spreading  with  ahovela  la  neceMary 
than  where  the  concrete  !■  delivered  In  wheelbarrows.  Another 
feature  about  the  cart  that  Is  worthy  of  mention  Ih  the  fact  that 
no  appreciable  amount  of  the  material  leaks  out,  even  when  the  con- 
crete Is  mixed  very  weL  It  takes  about  SO  seconds  for  a  cart  to 
back  up  and  get  Its  load  and  about  G  seconds  to  dump  and  spread 
the  load. 

On  another  Job  where  wheelbarrows  were  used  Cor  coDTOtilig  the 
coDcrete.  the  gang  was  orKanlied  as  follows: 

B  men  loading  and  wnfiellng  gravel  In  harrows. 

1  men  assisting  In  loading  gravel  Into  b 

1  man  dumping  barrows  into  hopper. 

3  men  loading  and  wheeling  sand. 
— H  dumplnK  barrows  Into  hopper. 
...a  wheeling  concrete  In   barrows. 

I  men  spreading  concrete. 


e  spilled  at  outlet  of  mlier  In  loading 
1  englneman. 

1!  Total. 

In  dumping  the  wheelbarrows  Into  the  hopper,  one  man  assisted 
the  barrow  men  at  each  o(  the  two  side  hoppers.  The  wheelbarrow 
loads  of  concrete  were  very  small,  probably  not  mora  than  1  cu.  ft. 
and  were  wheeled  only  a  short  distance  over  the  dlrL  The  mlier 
was  moved  forward  at  frequent  Intervals,  the  stock  piles  of  sand  and 
grB\-el  being  continuous  piles  dumped  In  advance  along  the  street, 
*and  on  one  side,  gravel  on  the  other  side  of  the  street. 

Portland  cement  concrete  was  used  In  the  proportion  of  1 :  3 :  S. 

The  average  day's  output  of  this  gang  was  150  cu.  yda,  or  900 
■4-  yds.  Id  S  hra  ;  but  on  the  best  day's  work  the  output  was  SOD 
eu.  yda,  or  1,200  sq.  yds..  In  S  hrs.,  which  is  a  remarkable  record 
'or  12  men  and  a  mixer  working  only  S  hra. 

^Hien  one  remembers  that  an  excellent  day's  work  Is  3  cu.  yds. 
ol  concrete  per  man,  where  no  mixer  Is  used,  and  that  3  to  iVi 
ou.  yda  Is  a  more  common  record  for  hand  work  on  streets,  wa 
realize  that  concrete  mixers  are  bound  to  become  universally  used 
oa  street  work  In  the  very  near  future,  for  a  mixer  practically 
doubles  the  output  of  every  man,  If  the  work  Is  properly  handled 
vlth  a  mixer  adapted  to  the  purpose. 

Cost  of  Concrete  Pavement,  Windsor,  Ont.* — Concrete  p 


*£liirlttflsr{ntr-Conlr(io«np,  Nor.  20,  1907, 
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I  In  alt  eawnUal  respects  Ithe  cement  ildewalk.  The 
■ubsall  la  crewned  and  rolled  hard,  ttien  drains  are  placed  under  the 
curbs;  1(  necessary  to  secure  Kood  drainage  a  subbaxe  of  Bravel, 
cinders  or  broken  stone  4  to  B  Ins.  thick  1b  laid  and  compacted  by 
rolllnc-  The  foundation  being  thus  prepared  a  base  of  concrete 
4  to  G  Ins.  thick  la  laid  and  on  this  a  wearing  surface  2  to  S  Ina 
thick. 

In  constructing  concrete  pavement  at  Windsor,  OnL,  the  street  ia 
flrst  excavated  to  the  proper  grade  and  crown  and  rolled  with  a 
IB-ton  roller.  Tile  drains  are  then  placed  directly  under  the  curb 
line  and  a  S  it  16-ln.  curb  is  constructed,  using  1 :  2 ;  4  concrete  faced 
with  1 :  2  mortar.  Including  the  3-ln.  tile  drain  this  curb  costa  the 
city  by  contract  38  cts.  per  lln.  ft.  Tbe  pavement  Is  then  con- 
structed between  finished  curbs. 

The  flne  profile  of  the  eubgrade  Is  obtained  by  stretching  strlnKe 
from  curb  to  curb,  measuring  down  the  required  depth  and  trim- 
ming otr  the  excess  material  The  concrete  base  Is  then  laid  4  Ina 
thick.  A  1 ;  3 :  T  Portland  cement  concrete  is  used,  the  broken  stone 
ranging  from  H  in.  to  3  Ina  In  size,  and  It  Is  well  tamped.  This 
concrete  Is  mixed  by  hand  and  as  each  batch  Is  placed  the  wear- 
ing surface  Is  put  on  and  llnished.  The  two  layers  are  placed  within 
10  mlna  of  each  other,  the  purpose  being  to  eecure  a  monolithic  or 
one-ptece  slab.  The  top  layer  consists  o(  Z  Ins,  of  1 :  ! ;  4  Portland 
cement  and  screened  gravel.  %  In.  to  1  In.,  concrete.  This  layer  is 
put  on  rather  wet,  floated  with  a.  wooden  float  and  troweled  with  a 
steel  trowel  while  still  wet.  Some  2D.&0D  sq.  yda  of  this  construe' 
tlon  have  been  used  and  cost  the  city  by  contract ; 

Per  sq.  yd. 

Bottom  4-ln.  layer  1:3:7  concrete (0.57 

Top  2-!n.   layer  1:2:4  concrete Q.3t 

ISxcavatlon   u.lo 

Total     tO.Bl 

This  construction  was  varied  on  other  streets  for  the  purpose  »f 
experiment.  In  one  caue  a  4-ln.  base  of  1:3:7  Stone  concrete  Was 
covered  with  Z  ins  of  1:2:2  gravel  concreta  In  other  cases  the 
construction  was;  4-ln.  I>ase  of  1:3:7  stone  concrete;  Hi-ln. 
middle  layer  of  1:3:4  gravel  concrete  and  ^-In.  top  layer  of  1 :  2 
sand  mortar.  All  these  constructions  have  been  satisfactory ;  the 
pavement  Is  not  slippery.  The  cost  to  the  city  by  contract  for  the 
three-layer  construction  has  in  two  cases  been  as  follows: 

Church  St.,  8.000  m.  yda  :  Per  sq.  yd, 

4-ln.  base  1:3:7  concrete I0.G7 

114-ln.  1:3:4  and  H-ln,  1 :  i  mixture 0,32 

Eixcavatlon   0.10 

Total     |0.9» 

Albert  and  Wyandotte  Bta,  400  sq.  yda  :  Per  sq.  yd. 

4-ln.    base    1:3:7    concrete tO.SS 

■■•   ■       1:2:1   and    14-ln.    1:2  mixture 0.3S 


Total     »1.16 
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e  coat  of  materialB  and  rates  of  was«B  were  about  as  foUowa : 
Portland  cement  (.  o.  b.  cars  Wlndaor,  per  bbU. . .  .(i.OS 

Mver  HBnd,  excellent  qusllty,  tier  cu.  yd. 1.1b 

River  BTavel.  Bcraened,  per  cu.  yd. 1.2E 

Crushed  limestone,  U  to  3  Ids.,  per  ton 1.15 

lAbor,    per   day ll.TG  to  i.OO 

:  Uieoe  prevailing  prices  the  contractor  got  a  fair  profit  at  the 
I  price  ot  }l.l£i  at  99  cCs.,  any  profit  U  queallonable,  ac- 
cordlDK  to  Clt;  Knglneer  Qeorge  S.  Hanes,  who  gives  us  the  above 
lecords.  Expansion  Joints  are  located  tram  20  to  80  It  apart  and 
are  flllcd  with  tar.  Sir,  Hanes  writes  that  a  large  anunmt  of  this 
pavement  will  be  built  during  1908. 

Cost  of  ExcavatlnB  Concrete  Base  (Street  Raflway)  and  Laying 
New  Concrete.*— In  the  spring  ot  1S06  the  United  Railways  Com- 
pany, of  St.  Louis,  Mo.,  undertook  the  reconstruction  of  six  miles  ot 
Its  tracks  on  Olive  Bt,  bi  8t  Louis.  The  reconstruction  ot  these 
tncks  Is  described  by  Mr.  Bicbard  UcCuUoch  as  follows; 

Bxcavattng  Old  CoiKrete  Foundation. — In  order  to  build  the  track 
U  was  necessary  to  make  an  excavation  Zi  Ina  In  depth  In  a  con- ' 
Crete  Which  had  been  setting  for  IS  years,  and  which  experience 
In  whatever  excavations  had  been  made  had  shown  to  be  extremely 
tutrd.  The  method  adopted  for  excavating  the  concrete  was  by 
blasting  with  small  charges  ot  dynamite,  the  object  being  to  make 
these  charges  strong  enough  to  shatter  the  concrete  bo  that  It  could 
be  taken  out  In  large  pieces,  but  not  heavy  enough  to  do  other 
damage.  Holes  were  drilled  T  to  B  Ins.  deep  In  the  concrete.  10  ina 
from  the  center  of  each  rail,  and  Z4  Ina  apart,  four  holes  coming 
between  each  pair  of  yokes.  (The  Olive  SL  line  was  at  one  time 
a  cable  road,  a  double  cable  track  having  been  built  for  a  dis- 
tance ot  Hi  miles.  In  this  construction  a  girder  rail  was  laid  on 
cast-iron  yoites  weighing  300  lbs.  each,  net  In  concrete  1  ft.  apart. 
These  yokes  were  18  Ina  In  depth  and  Inclosed  a.  conduit  for  the 
cabfe  38  Ina  In  depth.  In  subsequent  reconstructions  when  the  road 
was  converted  into  an  electric  line  these  yokes  were  left  in  place 
and  the  electric  cars  operated  over  the  cable  roAdbed  without 
change.)  The  hole  was  so  located  that  the  bottom  of  the  holp  was 
B  little  below  the  center  of  gr&vlty  of  the  section  ot  concrete  to  be 
removedL 

For  drlillnc  the  boles  there  were  used  No.  Z  Llttte  Jap  drills  made 
by  the  IngerMll-Rand  Co.,  operated  by  compressed  air  at  90  lbs. 
pressure.  This  tool  drills  a  I.26-ln.  hole.  A  dry  hole  was  drilled, 
the  exhaust  air  from  the  hollow  drill  steel  blowing  the  dust  from 
the  liole  and  keeping  It  clean.  Common  labor  was  used  to  run  the 
drills  and  very  little  mechanical  trouble  was  experienced.  Three 
cars  were  fitted  up.  one  tor  each  gang,  each  car  t>elng  equipped  with 
a  motor-driven  air  compressor,  water  for  coollog  the  compressora 
being  obtained  from  the  Are  plugs  along  the  route.  The  air  compres- 
sora were  taken  teniporHrUy  from  those  ta  ijse  In  the  repair  riiqp^ 
(to  ipeclal  machines  tMing  bonght  (or  Uw  purpose.     EJIectrlclty  for 

•Enffineertng-Cotitractltiff.  Dec  E,  1906. 
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opeFatlDK  the  air  compretaor  motors  waa  talcen  from  the  trvlley 
wire  over  the  tracki.  The  car  was  moved  along  as  tbe  holes  were 
drilled,  air  belnx  conveyed  from  the  car  to  Che  drills  throuKli  a 
flexible  hose.  Two  drills  Were  operated  normally  from  each  car- 
One  of  the  air  compressors  Wat  exceptionally  larce  and  at  Umea 
operated  tour  drills. 

The  total  number  of  holes  drilled  In  tbe  reconstruction  ol  the  tiucic 
was  31,000.  The  total  raet  of  hole  drilled  was  ZO.TOO  ft  The  fol- 
lowing figures  give  the  average  performance  of  the  best  one  of  the 
drllllnK  outfltH,  which  operated  from  two  to  three  drills: 

Depth  of  hole 8  Ina. 

Number  of  holes  per  hour  per  drill 30 

Feet  of  hole  drilled  per  hour  per  drill io.S 

Labor  coat  per  toot  of   bole  drilled tO.OST 

Labor  cost  of  drilling  per  cu.  yd.  i>laBted tO.OBE 

EirlUIng'  cost  per  tin.  fL  of  traclt lO.OlT 

Drilling  cost  per  mile  of  traclc 189.71 

In  these  figures  there  is  no  charge  for  electric  power  or  for  d»- 
preclatlon  of  machinery. 

For  blasting,  a  0.1-Ib.  charge  of  40  per  cent  dynamite  was  uMd  In 
each  bole.  A  fulminating  cap  was  used  to  explode  the  charge,  and  12 
holea  were  shot  at  one  time  by  an  electric  firing  machine-  The 
dynamite  was  furnished  from  the  factory  in  0,1-lb.  packages,  and 
all  the  preparation  necessary  on  the  work  was  to  insert  the  ful- 
minating cap  in  the  dynamite,  tamp  the  charge  Into  the  hole  and 
connect  wires  to  the  firing  machine.  In  order  to  prevent  any  dam- 
age being  done  by  fiying  rocks  at  the  time  of  the  ezplDsIon,  each 
blasting  gang  was  supplied  with  a  cover  car,  which  was  merely 
a  fiat  car  with  a  heavy  bottom  and  side  boards.  When  a  charge  was 
to  t>e  fired,  this  car  was  run  over  the  12  boles  and  the  aide  boards  let 
down,  so  that  the  charge  was  entirely  covered.  This  work  Wae  re~ 
markably  free  from  accidents.  There  were  no  personal  accident 
claims  whatever,  and  the  total  amount  paid  out  for  property  dam- 
ages for  the  whole  six  miles  of  construction  was  168E.  Most  of  this 
wae  for  glass  broken  by  the  shock  of  explosion.  There  was  no  glass 
broken  by  flying  particles.  The  men  doing  this  work,  few  of  whom 
had  ever  done  blasting  before,  soon  became  very  expeditious  in 
handling  the  dynamite,  and  the  work  advanced  rapidly.  The  report 
made  by  the  firing  of  the  12  holes  was  no  greater  than  that  made 
by  giant  firecrackers- 

For  the  drilling  and  blasting  the  old  rail  had  been  left  In  place 
to  carry  the  aim  compressor  car  and  the  cover  car.  After  the 
blasting,  this  rail  wae  removed  and  the  concrete  excavated  to  th« 
required  depth.  In  most  caeee  the  cable  yokes  had  been  broken 
by  the  force  of  the  blast.  Where  these  yokes  had  not  been  broken, 
they  were  knocked  out  by  blows  from  pieces  of  rail.  The  elBcacy  ol 
the  blasting  depended  largely  upon  the  proper  location  of  the  bole. 
Where  the  holes  had  been  drilled  close  to  the  middle  of  tbe  eoncrete 
block,  so  that  the  dynamite  charge  was  exploded  a  little  below  the 
center  of  gravity  of  the  section,  the  concrete  was  well  shattered 
and  could  be  picked  out  In  large  pieces.  Where  the  hole  had  been 
located  too  close  to  either  stds  of  the  concrete  block,  however,  th« 
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diar|«  woold  Mow  out  at  ooe  tfde  and  a  larKe  ntaa*  of  Mild  con- 
crete would  be  left  Intact  od  the  otber  aide.  The  total  ««tlniated 
ijuaiitltT  of  concrete  bla>t«d  waa  e,(E8  cu.  7d«..  or  0.1  cu.  yda  of 
GODcrete  per  lineal  toot  of  track.  The  coK  of  tbe  dynamite  deliv- 
ered In  a.l-lb.  packassB  waa  13  ct&  per  lb.  The  exploders  cost 
tO.OlGfi  eacb. 

The  followlns  data  represeDt  tbe  aveiage  work  of  the  Lhi«e  iBngB 
worklnz  on  the  westbound  track  between  11th  St  and  Boyle  Ave.: 

Cost  of  dynamite  charge  per  hole 10.013 

-,_^  _.  __,_> .__.,  ..(O.OSBB 


Lin.  ft.  of  track  blasted  per  hour 

Cu.  yd&  of  concrete  blasted  per  hour IT.S 

Cn  yda  of  concrete  blaMed  per  lb  of  dynamite....  I 

L&bor  coat  mt  cu.  yd.  blasted 10.078 

Cost  dynamite  and  exploders  per  cu.  yd.  blasted |0.1t>2 

Con  latrar  and  material  per  cu.  yd.  bloAed |D.2(S 


blaatliiE  per  mile  of  track iit6.lt 

drilling  and  blaHting  per  cu.  yd irt.SKi 

Coat  drilling  and  blasting  per  lln.  ft.  of  track. . 


Coat  drilling  and  blasting  per  mile  of  crack t374.S8 

When  the  excavation  waa  completed,  the  ties  were  placed  In  tbe 
trench,  the  rail  spiked  down,  the  tie  rods  pulled  up  to  gage  and 
temporary  flAplates  put  on  tbe  joints.  Work  trains  were  then  run 
OD  this  track  and  tbe  excavated  material  hauled  away.  The  exca- 
vated material  In  this  Job  amounted  to  11.410  cu.  yds.,  or  0.34S  cu. 
yd.  per  lineal  foot  of  track.  The  United  Railways  Company  pur- 
chased a  sink  hole  and  completely  tilled  It  with  excavated  material. 
All  excavated  material  and  all  new  material  with  Che  exception  of 
the  cement  used  In  this  work  was  handled  on  car^  no  teams  being 
uand  at  all.  It  would  have  been  Impossible  to  do  the  work  In  the 
time  occupied  had  wagons  and  teams  been  depended  upon. 

The  ties  were  of  hewn  cypress.  0  Ina  x  8  Ina,  In  sections,  and 
T  fL  long,  and  were  spaced  2  It.  between  centers.  Tie  plates  Were 
lised  under  the  rail,  each  atlemate  tie  plate  being  a  brace  plate. 
The  roll  used  weighed  112  lbs.  per  yard  and  was  furnished  In  10-ft. 

MlalKt  a*a  Placing  Wsw  Concrete. — After  the  excavated  ma- 
terial bad  been  hauled  away  and  the  street  cleaned  up,  the  track 
was  lined  and  surfaced  by  means  of  wooden  blocks  and  wedges 
placed  beneath  the  tlea.  Concrete  wss  then  tamped  beneath  and 
around  the  ties,  the  concrete  being  deposited  In  tbe  track  from  a 
concrete  mixing  machine  running  on  Che  rails.  The  concrete  uee^l 
was  composed  of  a  mixture  by  volume  of  1  part  of  Portland 
cement,  i\fi  parts  of  river  sand  and  6M  parts  of  crustied  limestone 
rock.  The  cost  (delivered)  of  the  materials  composing  this  ci 
waa  as  follows: 

Crushed  rock I2.8G  per  square         r=t0.028E   per   cu 

1=    O.TT       per  cu 

Sand    (Z.GO  per  equare         [=    0.02S     per   cu 

1=    0.67B      per   cu 
Portland  cement   tl-TO  per  barrel  =   0.425     per  SBi 

For  the  track  work,  7.36  cu.  ft.,  or  t.2T3  cu.  yd.,  were  require 
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lineal  foot  of  track,  1  >i  sacbs  of  cement  per  lineal  foot  of  tnu^  or 
1,1110  bblc  of  cement  per  mile  of  trafk,  were  used  In  tbls  work. 

The  value  of  the  cement,  rock  and  Band  used  was  fO.lOS  per  cu.  fL 
of  concrete,  or  %Z.t2  per  cu.  yd.  of  concrete. 

The  material  for  the  concrete  was  dlatributed  on  the  street  b««Me 
the  tradu  In  advance  of  the  machine,  tbe  aand  belDK  ant  depoolted, 
then  the  crushed  rock  piled  on  that,  and  Anally  the  cement  >acka 
emptied  on  top  of  this  pile.  The  matertali  were  ■hoveled'  from  thla 
pile  Into  tbe  concrete  mixlns  machine  without  any  attempt  at  hand 
mlKlDK  on  the  street  Great  care  wan  taken  In  the  delivery  of 
materials  on  the  street  to  have  eiactly  the  proper  quantity  of  sand, 
rock  and  cement,  so  that  there  would  be  enough  (or  the  baltaatinc 
of  the  track  to  the  proper  helBht  and  that  none  would  be  left  over. 
Bach  car  was  marked  with  Its  capacity  !n  cubic  feet,  and  each 
receiver  was  furnished  with  a  table  by  which  he  could  easily  esti- 
mate the  number  ol  lineal  feet  of  track  over  which  the  load  should 
ira  distributed. 

The  concrete  mixing  machines  were  designed  and  built  In  the 
shops  of  the  United  Hya  Co,  Three  machlnea  were  used  In  this 
work,  one  for  each  gang.  The  machine  Is  composed  of  a  Drak* 
continuous  worm  mixer,  fed  by  a  chain  dragging  In  a  cast-iron 
trough.  The  trough  Is  3fi  ft  long,  so  thai  there  Is  room  for  fourteen 
men  to  shovel  into  It.  Water  Is  sprayed  Into  the  worm  after  th« 
materials  are  mixed  dry.  This  water  was  obtained  from  the  Are 
plugs  along  the  route.  In  the  Hrst  machine  built,  the  Drake  mixer 
was  8  fL  long.  In  the  two  newer  machines  the  mixer  was  ID  ft. 
long.  Both  the  conveyor  and  the  mixer  were  motor  driven,  current 
being  obtained  for  this  purpose  from  the  trolley  wire  overhead. 
Two  types  of  machines  were  used,  one  In  which  the  conveyor 
trough  was  straight  and  4S  In.  above  the  rail,  and  the  other  In  which 
the  conveyor  trough  was  lowered  back  of  the  mixer,  being  3E  In. 
above  the  rail.  The  latter  type  had  the  advantage  of  not  reQulrinK 
such  a  lift  In  shoveling,  but  the  trough  la  so  low  that  a  motor  truck 
cannot  Im  placed  underneath  1L  In  the  high  machine  the  mixer  Is 
moved  forward  by  a  standard  motor  truck  under  the  conveyor.  Jn  the 
low  machine  the  mixer  Is  moved  by  a  ratchet  and  gear  cm  the  truck 
underneath  the  mixer.  A  crew  of  27  men  Is  required  to  Work  each 
machine,  and  under  average  conditions  concrete  for  80  lln.  ft.  of 
single  track,  amounting  to  22  cu.  yds.,  can  be  discharged  per  hour. 
The  following  figures  give  the  average  performance  of  the  three 
machines  In  concreting  the  westliound  track  from  Hth  St.  to  Boyle 

Number  men  employed  at  machine IT 

Number   men    shoveling   Into    machine 14 

I,in.   ft.  track  concreted  per  hour 80.95 

Cu.  ft   concrete  discharged  per   hour £»B.7» 

Cu.  yd.  concrete  discharged  per  hour 2!.0(i 

I.Abor  cost  concrete  per  lln.  fl.  of  track fO.OTI 

Lfl.bor  cost  concrete  per  cu.  yd (0.26 

Cost   of  materials  composing   concrete  per   lln.    ft. 

of  track    A (0.791 

Cost  of  materials  compOSlntT  concrete  per  cu.  yd (2.91 
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Total  COM  of  concrete  (labor  and  material)  per 
llu.  tt  of  track |0.86£ 

Total   coat   of   concrete    (labor  and   material)    per 

cu.  yd.   »3.1B 

Total  coHt  of  concrete  (lahor  and  material)  per  mile 

of  single  trwk   tl.SSI.Se 

In  these  figures  there  1b  no  cbarce  for  electric  power  or  tor  de- 
preciation. 

The  wctlon  between  I4th  8t  and  Boyle  Ave.  (E.El  mllea.long) 
waa  divided  Into  three  sectlona,  and  three  foremen,  with  Independent 
cansi,  were  put  on  each  aectlon.  Work  was  carried  on  day  and 
nll^t.  The  Olive  St.  line  Is  a  double-track  road,  and  durln|t  con- 
struction «fke  track  was  kept  open  tor  tralDc  In  one  direction.  Car* 
going  In  the  opposite  direction  wero  sent  by  another  route. 

The  work  waa  begun  April  30,  1906,  and  the  cars  were  turned 
back  on  the  street,  exactly  six  weeks  having  elapsed  since  ground 
was  broken.  Of  this  time  two  weeks  were  allowed  for  the  setting 
of  the  concrete,  so  that  the  entire  work,  with  the  exception  of  pav- 
ing, was  done  In  (our  weeks,  an  average  ot  1,040  lln.  ft  of  single 
track  per  day.  The  cost  of  this  GU  miles  of  track  was  about  |1T0,- 
SOO.  For  the  entire  work,  alter  allowing  for  scrap  material  from  the 
old  track,  the  average  cost  per  mile  was  about  127,000. 

C«M  of  Excavating  an  Asphalt  Pavement  and  Its  Concrste  Base.* 
— In  relaying  a  street  car  track  It  was  necessary  to  excavate  the 
pavement  between  the  rallK  and  for  two  feet  outside  the  rails. 
The  pavement  waa  aqtholt  2H  Ins.  thick  laid  on  a  concrete  base  9 
ina  thick.  The  concrete  was  made  with  natural  cement  and  was 
consequently  by  no  means  as  difficult  to  excavate  as  It  would  have 
been  If  Portland  cement  had  been  used. 

In  taking  up  the  asphalt  between  the  tracks  it  was  found  that 
the  progress  depended  very  much  upon  the  temperature  ot  the  day. 
On  cool  days  when  the  asphalt  was  brittle  and  the  men  worked 
rapidly,  It  was  possible  for  three  men  to  excavate  1,800  sq.  ft  be- 
tween the  tracks  In  10  houra  This  la  equivalent  to  nearly  ISO  sq. 
yda  per  man  per  day.  Of  course.  It  was  not  necessary  to  cut  the 
asphalt  loose  from  the  rails  on  each  side,  so  the  work  consisted 
merely  In  prying  up  the  asphalt  with  crow  bars  and  breaking  It 
with  a  sledge.  Two  men  pried  the  asphalt  up.  while  a  third  man 
used  the  sledge,  and  cast  the  pieces  aside  ready  to  be  hauled  away. 

During  most  □(  the  time,  however,  the  asphalt  was  hot  enough 
not  to  be  brittle,  and  had  to  be  cut  up  with  a  grub  ax.  In  that 
case  two  men  would  pry  up  the  asphalt,  using  picks,  while  the  third 
man  would  cut  off  a  strip  IVi  tL  wide  and  as  long  as  the  distance 
iMtwera  the  tracks.  Then  he  would  cut  this  strip  In  two  pieces  with 
the  grub  ax.  In  the  meantime  the  two  men  with  the  picks  would 
be  prying  up  eome  ntore  of  the  asphalt.  These  three  men  worked 
very  deliberately  and  averaged   1,700  sq.   ft.   per  day.       This     Is 

'Bnoiteortao-ContTactlnB.  Sept.   19,  lOOfl. 
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equiVBl6Dt  to  S3  aq.  yda.,  or  41i  cu.  yds.  per  ina.n  per  day.  Wbsm 
ware  %\Ji,  bence  the  coat  of  excavating  the  asphalt  waa  1%  cU. 
per  aq.  yd.,  or  40  cts.  per  cu.  yd.  Thla  doea  not  include  the  cost 
of  loadins  and  hauIloK  It  away. 

In  extsavatliiK  the  atrip  1  ft.  wide  ouUIda  the  raila,  It  wa%  of 
coutae.  Deceaaary  to  cut  througfa  the  a^halt  alonx  a  Una  parallel 
with  the  mil  and  1  ft  away.  To  do  thla  cutting  a  chlael  having  a 
bit  t  tna  wide  and  provided  with  a  handle,  waa  held  by  one  man 
while  a  aecond  man  Mruck  It  with  a  aledge.  Theae  two  men,  when 
working  rapidly,  would  cut  1,!00  lln.  ft.  In  10  hours ;  hence  one  man 
cut  SOO  lln.  fL,  Chua  lootenlng  600  aq,  ft.  of  aaphalt  ready  to  be 
pried  up.  A  third  man  would  pry  up  th«  asphalt  with  a  pick  and 
cut  It  off  In  aectlona.  and  lie  averaged  EOO  aq.  ft.  a  day,  working 
very  deliberately.  Hence  the  s-verage  output  of  each  of  the  three 
men  was  SOO  aq.  ft.,  or  S3  aq.  yda,  per  man  per  day,  cut  out.  pried 
up,  and  caat  aside.  This  la  equivalent  to  a  Itttla  more  than  Stt 
cu.  yda.  per  man  per  day,  and  the  coat  waa  7B  ct«.  per  cu.  yd.,  or 
e  K  cl&  per  W).  yd. 

Aa  above  atated,  the  concrete  was  9  Ina  thick  and  waa  made  with 
natural  cement.  It  waa  looaened  with  picka,  uiually  without  great 
difficulty,  and  waa  ahovaled  aalde  ready  to  be  hauled  away.  E^ach 
laborer  averaged  3  cu.  yda.,  or  12  aq.  yda  per  day.  Hence  the  coat 
waa  practically  «D  eta  per  cu.  yd.,  or  IS  eta.  per  aq.  yd.  To  thla 
ahould  be  added  the  coat  of  loading  Into  w&gon^  which  waa  It  ota. 
per  cu.  yd.,  or  1  eta.  per  eq.  yd.  The  coat  of  hauling  depends  upon 
dletance  to  be  hauled,  and  con  be  eaally  eatlmated  for  any  given 
condltlona 

Amount  of  Materlala  Required  for  Cement  Sidewalk  Conitruetlon.* 
—  nie  great  majority  of  cement  eldewalka  come  wlthls  the  range 
of  3  in&  to  T  ina.  in  thicknan ;  the  moat  common  baaa  mlxtUTM  are 
1  :  S  :  S  and  1  :  3  ;  6  and  the  moat  common  flnlahlng  mixturea  are 
1  : 1.  1  :  l^  and  1  :  2.  The  accompanying  tsblea  have  been  com- 
puted to  give  by  elmple  arithmetic,  the  volume  of  concrete,  and  the 
quantltlea  of  cement,  aand  and  atone  required  per  100  aq.  ft  of  atd*- 
walk.  ranging  from  S  Ina  to  T  'Ins-  thick  and-  conatructed  of  the 
above  named  mixturea.  Table  XVII  gives  aeparately  the  volume 
of  baas  concrete  and  of  aurfadng  mortar  In  104  aq.  ft.  of  walk  of 
the  different  thlckneaaea;  Table  XVtIl  glvea  for  each  of  the  thli^- 
nesaea  and  mixtures  named  tlie  amount  of  cement,  aand  and  atooa 
required  per  100  aq.  ft. 

The  tablea  have  been  calculated  on  the  aaaumptlon  that — tha 
cement  being  meaaured  looae  aa  la  usual  In  sidewalk  work — a  bar- 
rel of  cement  measures  4.4  cu.  ft.  For  flniahlng  mortar  the  volda 
In  the  sand  amount  to  4E  per  cent :  for  baae  concrete  the  volda  ar« 
assumed  to  be  40  per  cent  for  sand  and  4E  per  cent  tor  broken  atone. 
On  these  aaaumptlona  according  to  the  theory  of  proportioning  and 
the    tablea    of    mortar    given    In    the    section    on    Concrete,    the 

*BnoiHitHng-Contractlita,  Nor.  4,  1908,  and  Jon.  11,  1)09. 
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amount  of  materlala  per  cubic  yard  of  mortar  and  of  concreM  ar* 
as  follows: 

Uortar  proportion*:  1  r  1         1 :  IW        1  r  J 

BarrelH    of   cement 3.94  3.31  J.»0 

Cubic  yard!  of  sand O.G  O.S  0,!l 

Concrete  proporliona:  1 :  2  ;  S  1:3:1 

Barrels   ceineQt l.IS  0.80 

Cubic  yards  aand 0.38  0.44 

Cubic  yards  stone 0.9G  0.88 

Table  XVItl  has  been  commuted  from  the  above  quantities  and 
those  given  In  Table  XVII;   thus  for  a  S-In.   base   (Table  XVII) 
0.93  cu.  yd.  of  concrete  Is  required  per  100  sq.  tL ;  If  the  baAe  be  a 
1  :  a  :  E  mixture,   then  the 
Cement  =  0.93  cu.  yd.  X  I. It  bbl.  =  1.08  bbL 
Sand  =  O.SS  cu.  yd.  X  0.3S  cu.  yd.  =  0.35  cu.  yd. 
Stone  =  D.9t  cu.  yd.  X  0.9G  cu  yd.  =  0.88  cu.  yd. 

The  flnal  results  are  the  quantities  gtven  In  Table  XVIII,  and  the 
other  quantities  given  In  this  table  are  obtained  In  a  similar  manner. 

Tablb  XVII. — Showtito   VOLUira  of  Cokchbw  Base  iuo   Mobt.ui 

Wearino  Surface  per   100  So.  Ft.  or  Crubnt  Wai.k 

or  Various  Tuickngsbes. 

— Concrete  Base. — .  —Mortar  Wearing  Surface. — 

Thickness,  Volume  Thlckne™,  Volume. 

Ina  cu.  yda  Ins.  cu.  yds. 


ii 


„  0.231 

SH  108  1  0.309 

4  1.24  lU  a.S8S 

*%  1.39  IH  0.411 

e  1.66  IK  0.641 

<  1.8T  i  O.SIB 

Note.— 100  »q.  ft.  of  walk  1  In.  thick  has  a  volume  of  0.309  cu.  yd. 

To  set  the  volume  In  a  walk  of  any  thickness,  multiply  0.309  by  the 

thtokness  of  the  walk  In  Inches,  e.  g.,  0.309  cu.  yd.  x  6  Ina  s  l.Sf 

cu.  yd. 

Table  XVin  Is  used  In  estimating  as  followa; 

Find  the  amount  of  cement,  sand  and  stone  r^ulred 
0  ft.  of  sidewalk.  G  ft.  wide ;  base  4  Ina  thick  of  1  :  3  :  5 
:  wearing  surface  1  In.  thick  o(  1  : 1  4  mortar, 
From  Table  XVIII  we  have; 

Cement.  Sand.         Stone. 

Per  too  sq.  ft.  bbls.  cu.  yda     cu.  yds. 

Base,    4    Ins. 1.43  D.4T  1.18 

Wearing  surface  1  in l.OS  0.347 

Total  per  100  K).  ft 2.48  0.717  1.18 

BO*  60  SO 

Total  per  E. 000  sq.  ft 123.00  36.860  G9.00 

•1,000  X  S  =  6,000  -~  100  =  60. 
Cost  of  Cement  Walka.~The  cost  of  cement  walks  Is  commonly 
estimated  In  cents  per  square  foot.  Including  the  necessary  excava- 
tion and  the  cinder  or  gravel  toundallon.  TtM  excavation  usually 
coats  about  13  cla.  per  cu,  yd.,  and  If  the  earth  Is  loaded  Into 
w.tgons  the  loading  costs  another  10  cts.  per  cu.  yd.,  wages  belns 
16  cts.  per  hr.  The  cost  of  carting  depends  upon  the  length  of  haul, 
and  may  be  eatlmated  from  data  glv^i  on  page  131.    If  tbe  total 
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coat  of  axcavatlon  !■  iT  ctB.  per  cu.  yd.,  «od  If  the  excavation  la  II 
bu.  deep  we  have  a.  cost  of  I  cL  per  bq.  ft.  for  excavation  alone. 
Usually  tbe  excavation  Is  not  bo  deep,  and  often  the  earth  from 
Uw  excavation  can  be  sold  tor  DiWag  lota 

The  base  of  the  walk  Is  often  made  i  Ina  thick,  of  1  ;  3  :  0  con- 
ereta,  and  the  top  wearlnx  coat  is  often  made  I  In.  thick  of  1  :  IH 
morlar.     The  cement  la  invariably  Portland- 
Such  a  wall(  Is  frequently  laid  on  a  foundation  of  gravel  or  cin- 
ders 4   Ina    thick. 

And  by  using  the  table  on  pase  443,  we  can  estimate  the  quan- 
tity of  cement    required   for  any   given   mixture. 

As  the  average  of  a  number  of  amall  jobs,  my  records  ahow  the 
following  costs  per  eq.  ft.  of  4-ln.  walic  such  as  Just  described ; 

CtapersQ-fL 

Excavating  8  Ina  deep   O.SS 

Gravel  for   4-in.   foundation,  at  tl.OO  per  cu.  yJ 1.20 

•,018  bbl.  cement,  at  tZ.OO 3.60 

0.009   cu.   yd.   broken   stone,  at    ll.EiD 1.35 

O.OOe  ca  yd.  aand.  at  fl.ao 0.60 

Idbor  making  walk l.BO 

Total    3.00 

This  ia  »  eta  per  sq.  ft.  of  finllhed  walk.  The  gangs  that  built 
the  walk  were  usually  2  masons  at  |!.60  each  per  10-hr.  day  with  * 
laborera  at  ll.EO  each.     Such  a  gang  averaged  EOO  sa  ft  of  walk 

Cost  of  Cement  Walk.*— Tha  following  notes,  baaed  on  actual  ez- 
tlve  to  the  cost  of  a  wallt,  are  taken  from  a  pamphlet 
I  by  Mr,  C.  W.  Boynton  and  published  by  the  Universal 
FOTtland  Cement  Co.  Experience  has  shown  that  a  gang  of  six  men 
can  lay  between  GOO  and  SOO  eq.  ft.  of  walk  In  a  day  of  10  hra  and 
70«  sq.  ft.  Is  conaldered  as  a.  day's  work  In  arriving  at  the  flgures 
given  below.  This  estimate  la  l>aaed  on  a  C-ft.  walk  having  a  4-ln. 
boae,  conBlsttng  of  1  part  cement,  2^  parts  sand  and  b  parts  crushed 
■tonek  covered  with  a  %-in.  top  of  1  part  cement  and  IH  parts  aand. 
The  stone  ranged  in.  slxe  from  >4-ln.  to  %-ln.  and  contained  48% 
volda  A  good  grade  of  lake  sand  pasring  a  4i-ln.  screen  waa  used. 
The  sand  contained  36%  volda  The  mixing  was  done  by  hand,  and 
the  cost  of  materials  Includes  delivery  on  the  work.  The  costa  were 
as  toUowa: 

Labor: 

One  flnlsber  at  15  per  day t  S.OO 

Five  laborera  at  t3  per  day 10.00 

Total,  TOO  aq.  ft.at  Z.14  cts. ME. 00 

Moteriato.- 

Cement,   Z.5   bbla  at  12.00 t  G.OO 

Stone,  1,11  cu.  yds.  at   11.50 1.66 

Hand,  .77   cu.   yda  at  |1.00 77 

Clndera,    2.7    cu.    yds.    at    BOc 1.35 

Total  coat  materials  for  100  aq.  ft.  at  S.TR 

CtB t   8.78 

Total  labor  and  materials,  per  sq.  ft,  10.92  eta 

'EngiitttTing-Contraeting,  Aug.  26.  1908. 


446  HANDBOOK    OF  COST  DATA. 

It  ■honld  be  noted  that  this  eatlnate  prorlde*  tor  &  walk  where 
an  excBTatlan  for  the  nib-ban  woa  neceaMur. 

Cost  of  Cement  Walk*  in  Igwa.—Ur.  L.  L.  BinKham  lent  out 
lettera  to  a  large  number  ol  aldewalh  contractora  In  Iowa  aaklns  for 
data  of  coat  The  foUowlDC  waa  the  averaxe  con  per  aquare  foot  aa 
given  la  the  repliea: 

eta.  peraiL  ft. 

Cement,  at  ti  per  bbL. S.i 

Sand  and  sravel   1.6 

L&bor,  at  IS.SO  per  day  (averaee) Z-l 

lacldeotala,  eatlnuted   O.I 

Total  per  eq.  ft.   g.0 

Thte  applies  to  a  walk  1  Ins.  thick,  and  Includes  gradlns  In  aome 
casea  while  In  other  cases  It  doea  not.  Mr.  Bingham  writes  me  that 
In  this  respect  the  replies  were  unsatisfactory.  He  also  says  that  the 
averaBe  wages  paid  were  12.30  per  man  per  day.  It  will  be  noted 
that  a  barrel  of  cement  makes  BS%  an.  ft.  of  walk,  or  It  takes  I.B 
bbia  per  100  sq.  ft. 

The  Averace  contract  price  tor  a  4-in.  walk  was  11  ti  eta.  per 
eq.  ft. 

Cost  of  Cement  Walk,  San  Franc Iseo.— Mr.  George  P.  Wetmore. 
of  the  contracting  Arm  of  Cutiiing  *  Wetmore,  Ban  FrancUco,  gives 
the  following: 

The  foundations  of  cement  walks  In  the  reeldence  district  of  San 
Francisco  are  t  ^  Ina  thick,  made  id  1:1:6  concrete,  the  stone 
not  exceeding  1  In.  In  slie.  The  wearing  coat  Is  M  in-  thick,  made 
of  1  part  cement  to  1  part  screened  beaoh  KraveL  The  cem^it  Is 
measured  loose.  4,7  cu.  ft.  per  bbL  The  foundation  Is  usually  laid  In 
sections  10  ft.  long:  the  width  of  sidewalks  Is  usually  IS  ft.  The 
top  coat  la  placed  Immediately,  leveled  with  a  straight  edge  and 
gone  over  with  trowels  till  fairly  smooth.  After  the  Initial  set  and 
drat  troweling,  It  Is  left  until  quite  ■tllf,  when  It  Is  troweled  again 
and  pollnhed — a  process  called  "hard  flnlshlng.*'  The  hard  flnlsh 
makes  the  surface  less  slippery.  The  surface  Is  then  covered  with 
sand,  and  watered  each  day  for  8  or  10  doye.  The  contract  price 
Is  9  to  10  cts.  per  aq.  ft.  for  a  S-ln.  walk;  12  to  11  eta  for  a  1-ln. 
walk  having  a  wearing  coat  K  to  1  In.  Chick.  A  gang  of  J  or  1  men 
averages  ISO  to  ITS  aq.  ft.  per  man  per  day  of  9  hrs.     Price*  and 

Cempnt,  per  bbl It.t* 

Crushed  rock,  per  cu.  yd. l.TS 

OravEl  and  sand  for  foundation,  per  cu.  yd. Hi 

Gravel  for  top  finish,  per  cU.  yd l.TS 

Finisher  wnK''s,  best,  per  hr 0.10 

Finisher  helper,   beat,  per  hr. D,2S 

laborer.   besL    per  hr 0.30 

Cost  of  Cement  Sidewalks,  Toronto,  Ont.* — A  considerable  part  of 
the  public  Improvement  work  of  Toronto,  Ont.,  Is  done  by  day  labor 
under  the  supervision  of  the  city  engineer.  In  the  following  article 
le  given  the  actual  unit  costs  of  the  construction  of  4U-ln.  con- 
crete sidewalks,  4  fL  and  6  ft.  wide,  built  by  day  tabor. 

'EngiitteriiilhContractinB,  Aug.   89.   1908. 
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TtM  aldewalki  have  a  4-ln.  foued&tlon  of  cottrM  gravel  or  wft  coal 
cinders;  tborouKMy  conaotldated  by  poundlns  or  roUlDK,  upon  which 
IB  placed  a  SM-in.  layer  ot  concrete,  compoBcd  ol  1  part  Portland 
cement.  2  parts  of  clean,  sharp,  coRree  sand,  and  5  P«rta  of  approved 
furnace  elas.  broken  atone  or  screened  gravel.  The  wearing  surface 
Is  1  In.  thick  and  1*  comiHiBed  of  1  part  Portland  cement,  1  part  of 
clean,  sharp,  coarse  sand  and  i  pares  of  screened  pea  gravel,  crushed 
granite,  quartilte  or  suitable  hard  limestone. 
Co«T   or   S-PT,    KOWMtXX.. 

Parsq.  ft. 

Labor    B.69  Cta. 

0.01«  bbla.  cvnent,  at  |1.G4 2.«*  ct& 

D.D2T  cu.  yda  gravel,  at  SO.SO 1.21  cts. 

O.OOIS  cu.  yda  sand,  at  10.80 O.ST  cta. 

Water   0.06  cta. 

Total    10.71  cU. 

CO0T  or   4 -FT   eiDaWAL,K. 

Poraq.  ft 

l^bor e.7J  ots. 

0.0104  bbla  cement,  at  tl.E4...^ I.IS  cts. 

0.0206  cu.  yds.  gravel,  at  tO.SO 1. 65  ctS. 

0.0049  cu.  yds.  sand,  at  tO.SO 0.39  cta. 

Total II.  J  J  cta 

The  rates  of  wages  and  the  number  of  men  employed  were  as 

1    foreman 11.60  per  day. 

1   flnlaher O.SO  per  hour. 

1  helper 0.31  per  hour. 

15  laborers   0,30  per  hour. 

We  are  Indebted  to  Kr.  C.  EL  Rust,  City  Engineer  of  Toronto,  Ont.. 
tor  the  above  Informatton. 

Note  how  thcae  labor  costa  are  double  what  It  cOHts  a  capable  con- 
tractor to  do  the  tatan  clasa  of  work. 

C«M  of  a  Cement  Walk,  Forbes  Hllk  ReMrvolr.— Mr.  C.  H.  Savllle. 
M.  Am.  8oc  C.  B.,  gives  the  following  data  relating  to  S,lGa  iq.  ft 
of  cement  walk  built  by  contract ; ' 

Stone  foundation  cu.  yd.     aq.  ft 

Broken  stone  for  12-In.  foundation 1040     I0.01S 

lAboT  placing  same,  16  cte.  per  hr 1.60       0.0&8 

Total |1.»0  10.071 

Concrete  base  (4^  Ins.  thick). 

l.SS  bbls.  cement  per  cu.  yd.,  at  tl.SS. .  11. iT  10.016 

t.GO  cu.  yd.. sand  par  cu.  yd.,  at  11.03..  O.El  O.OOT 

(.84  cu.  yd.  stone  per  cu.  yd.,  at  tl.67. .  l.S!  O.019 

Labor  (6  laborers  and  1  team) 3.4S  0.8E0 

Total  (for  90  cu.  yds.) 17.18  (0.102 

Tiv  flnish  (1  in.  thick). 

4  bbla  per  cu.  yd.,  at  11.51 18.12  tO.019 

0.8  cu.  yd.  sand,  at  11. OO D.SO  O.oAl 

lAnwMack  O.ls  0.001 

LatMT  (3  walk  moMns  and  1  beU>er)...  6.86  0.018 

Total    .113.67      10.0)8 

Grand  total   (0.211 
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ThiH  wBlk  wai  fi  fi.  wide  laid  an  a  U'ln.  roundatlon  of  broku 
■tone.  On  top  of  this  loundatloQ  vaa  the  concrete  base,  S  In*,  thick 
in  the  middle  and  t  Ina  thick  at  the  >ldea.  Thl*  ban  wai  surfaced 
with  a  top  granolithic  finish  about  1  In.  thick. 

It  Ib  difncult  to  account  for  the  hlxh  lat>or  coat  (ll.&O)  of  placli^ 
the  1  Z-lQ.  stone  foundation  except  on  the  supposition  (hat  the  stones 
were  broken  by  hand. 

The  work  on  the  concrete  base  was  unusually  expensive,  tor  no 
apparent  reason  except  Inefficiency  of  the  men. 

The  two  masons  received  |Z.2S  each  per  day,  and  their  helper 
11.50,  and  they  averaged  360  sq.  It.  per  day,  or  80  lln.  ft.  of  walk 
t  ft.  wide,  which  Is  equivalent  to  IH  cts.  per  sq.  ft. 

Atlas  cement  was  used,  and  In  measurlnK  was  assumed  to  be  i.I 
cu.  ft.  per  bbl. 

It  is  perhaps  useless  to  comment  on  the  extravagantly  larg« 
amount  ot  stone  used  In  the  foundation. 

Cast  or  Acid  Finish  on  Camant  Walk.*— In  making  8t,6SO  aq.  ft. 
of  cement  Walks  (25  ft  wide),  the  South  Park  Commlnlon  of  Chi- 
cago did  the  work  by  day  labor  (In  1908)  at  the  following  cost : 

Cts! 

Cement,  at  tl.35  per  bbL I.K 

3and  and  brc^en  stone 4.T0 

Forms   t.l9 

Labor   a.TO 

Superintendence  and  tools  ( 10%  ot  above) l.tl 

Total   1S.17 

aradlng  and  filling  with  cinders 4.TS 

Finishing  surface  with  acid l.ST 

Grand  total 20.17 

The  cement  walk  was  G  Inb  thick  (a  4-ln.  base  of  1:1:4  concrete 
and  a  1-ln.  surface  of  1 :  IM).  resting  on  IZ  Ins.  of  cinders.  In  spite 
of  the  (act  that  a,  machine  mixer  was  used,  the  lalKir  and  super- 
intendence on  the  cement  work  cost  the  very  high  sura  of  1.(2  cts. 
per  sq.  ft.,  which  did  not  Include  the  labor  on  the  acid  finish  nor  on 
the  grading  and  cinders.  This  furnishes  another  example  of  an  111- 
advised  attempt  to  "save  the  contractor's  profits." 

The  cost  of  finishing  29,a9E  sq.  ft  of  the  surface  by  acid  was  sm 
follows : 

Per  sq.  ft. 
Total.  Cts. 

10,800  lbs.   (40  carboys)  muriatic  acid, 

at  114   cts.    USE. 00  0.40 

30  deck  brushes,  at  60  cts. 13.00         O.OS 

Labor    ZJO.OO         1.00 

Add  10%  for  superintendence 44.00         O.IC 

Total    URT.OO  1.07 

»Eii(Hntenitg-VoMraett»e,  I>ec-  *.  l*f>*- 
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Com  o1  Camcnt  Curb  and  Sltfawalka,  Oary,  Ind.*— llr.  E.  M. 
Scbeflow  slvea  the  foUowInK: 

The  Improvement  of  Madison  St.  at  Osry.  Ind.,  from  the  south  line 
of  the  WabaBh  R.  R.  to  the  north  line  of  the  plttaburg.  Ft  Wayne 
*  ChlcsKo  R.  R.,  a  dlalance  of  3,S00  fL,  has  been  recently  com- 
I^«ted.  The  Improvement  cnnalited  of  brick  pavement  (aee  page 
3S4  tor  cost),  concrete  curba  5  Ina.  i  18  Ina..  with  G  ft.  radii  at 
street  fnteraectlona  and  cement  aldewalk  E%  ft.  wide.  The  Bradlng 
wsa  all  done  during  the  winter  while  the  ground  was  frozen  (ind  all 
the  iDBlerlal  was  hauled  at  that  time.  These  costs  do  not  Include 
Btadlns. 

Coat  of  Plact»g  Curb. — The  mixture  for  curbs  was  t :  S :  E  Port- 
land osnent.  torpedo  sand  and  bruken  limestone,  with  a  facing  1  Vi 
Ins.  Uilck  comiKised  of  1 :  1 :  S  of  Portland  cement,  sand  and  gmnu- 
Isled  Kinjilte.  The  concrete  was  mixed  dry  by  hand  and  then  mixed 
wet  In  a  worm  screw  mixer  operated  by  a  KasoUns  englnft  Wooden 
forms  were  used. 

Ttte  labor  cost  was  as  follows: 

Total.        Per  lln.  ft. 

Laborers,  mixing.  IZS  days,  at  (2.00 %m.M        tO.OSEl 

L«borers.  wheeling  and  tamping.  IZT  days,  at  |Z   2S4.DO  0.0348 

Ffailshera;  El   days,  at  tS.SO 2S0.G0  0.0383 

f^irm  setters,  SO  days,  at   (3 210.00  0,0330 

Total.  7,JS8  lln.  fl. 11,030.60  |0,1J12 

Labor  Cott  of  Lat/tng  Bldewalka. — The  sidewalk  was  laid  with  a 
eoDcrete  foundation  3%  Ins.  thick  of  the  same  proportions  as  that 
given  for  curbs  and  a,  wearing  surface  %  In.  thick  composed  Of  Ave 
parts  of  Portland  cement  to  seven  parts  ol  sand.  The  labor  coat  was 
as  follows,  the  same  method  of  mixing  the  concrete  being  used  as  for 
curbs: 

Total.        Per  sq.  ft. 

laborers,  ralxlng.  IIT  days,  at  (2 t23(.00         fO.oOOO 

Laborers,  wheeling,  spreading  and  tamping.  143 

.      day^  at  |2 281,00  0.0073 

Finishers,  47  days,  at  I5.B0 268.50  O.OOOfl 

Form  setters,  3T  daya.  at  33 111.00  0.00S9 

Total,  38,830  sq.  ft IB8T.E0  (0.0228 

Cost  o(  Cement  Curb,  lows.t— Cala  were  given  by  Mr.  M.  G.  Rail. 
In  "Bnglnaerlng  News,"  April  3.  1908,  relating  to  cement  curb  work. 
We  have  rearranged  and  analysed  the  costs  as  follows  (For  com- 
ments <»i  the  brick  paving  laid  at  the  aame  time  and  place.  Bee 
page  BBI.) 

The  cement  curb  material  was  mixed.  1  of  cement  to  3  of  sand,  tn 
a.  H-cu.  yd.  Smith  mixer.  The  average  cost  of  the  three  Jobs,  A.  B 
and  C,  reduced  to  the  same  rates  of  wage^  Is  given  below.  Job  A 
was  S.OOO  lln.  ft. ;  B  was  lO.OOO  lln.  ft. ;  C  ma  30,000  lln.  ft     The 
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Trenchmen,  iOc^ 

FlllinK  cinoerB,   zuc  per  nr. 

Wheelers.  20c  per  hr 

ShovelerB  (concrete).  20c  p 

Tampers.  30o  per  hr 

Plnlihars,  35o  per  hr 0.^2 

Men  on  mixer.  22c  per  hr 0.99 

Removing  forma,   20c  i>er  hr 0.48 

BackQlUnK.    2<lc    per    hr O.TS 

HIscellaneouB.    ZOc   per   hr 0.72 

Water  boy,  10c  per  hr 0.33 

Team  and  driver.  40c  per  hr S.SG 

Concrele  wagon.  40c  per  hr 


1  reduce  to  a  cubic  yard 
basla;     OmlttltiK  the  Items  ot  trenchlnK.   t>ackBlllDtt  and  handling 


F1k<  13.     Cement   Curb. 

cinders,  we  ne  that  the  labor  on  Job  C  cost  T.4  eta  per  lln.  ft., 
which  <s  equivalent  to  t3.18  per  cu.  yd.  of  cement  curb.  The  other 
two  Jobs  were  considerably  mora  expensive,  particularly  In  the  Item* 
trenching  and  teanilng. 

None  of  the  three  wax  economically  handled,  as  may  be  seen  by 
comparison  with  the  costs  slven  on  page  4G1,  where  the  labor  coat 
about  halt  as  much  per  cubic  yard  as  on  Job  C.  and  far  less  than 
half  as  much  om  on  Jobs  A  and  B. 

I  would  call  attention  to  the  fact  that  curha  often  differ  consider- 
ably In  cTOSS-section.  and  the  labor  of  mlxinK  and  placing  the  con- 
crete therefore  differs  materially  when   compared   In  terms  of  th« 
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lineal  foot  aa  the  unit  Hence  all  costa  should  also  be  reduced  to 
Ibe  cubic  yard  basis  also.  When  this  la  done,  a  contractor  will  (r*- 
quently  Hud  that  his  work  Is  not  being  handled  with  the  expedition 
that  It  should  be ;  tor  comparison  with  the  cubic  yard  cost  oF  other 
}obs  of  similar  character  may  disclose  to  (he  coatractor  a  weaknesa 
1^  management  or  lailness  of  men  on  hla  own  Job.  Thia  Is  well 
ocempllBed  In  the  above  costs  recorded  bx  Ur.  Hall. 

Coat  of  Cement  Curb.* — The  concrete  curb  shown  In  Fig.  14  was 
buitt  at  an  average  labor  cost  of  6  cts.  per  lln,  ft.    The  labor  force 
n  the  work  was  as  follows : 

era,  at  11.75 114.01 


S.OO 

t  t4.D0 4.00 

Total.  S60  tin.  ft,  at  S  cts. (il.OD 

ThlB  force  averaged  !B0  lln.  ft.  of  curb  per  day  of  10  hr&  For  the 
body  of  the  curb,  IK  yda.  gravel  siul  7  aacka  of  Portland  cement  la 

. S'l'  n     -^5f^ 

i/r>ViVy»1»V  Enf-Cattr 

Fig.   14.     Cement   Curb, 

a  batch  would  make  CD  lln.  ft.  of  curb.  For  the  outside  flnlsh  a 
batch  was  made  of  18  palls  of  screened  gravel  mixed  with  4  sacks 
(12  p«ila)  of  PortlEuid  cement 

Th«  coat  of  the  materials  was  as  follows,  not  Including  the  out- 
■Ida  c«ment  flnlah: 

Per  lln.  ft. 

O.oa  CO.  yd.  gravel,  at  (1.2S (0.0375 

0.03  bbL   cement,  at   |2.40 ,. .   O.OTZO 

Total     tO.1075 

Tor  the  above  Information  we  are  Indebted  to  Hr.  A.  W.  Saunders, 
«C  Jobnatown,  Fa. 

Coct  of  Cement  Curb  and  Gutter.— The  following  costs  were  re- 
corded by  Mr.  Charles  Apple,  and  relate  to  work  done  at  Champaign, 
111.,  In  1903.  The  work  was  done  by  contract,  at  45  eta.  per  lln.  ft 
of  the  curb  and  gutter  shown  In  Fig.  IE. 

The  concrete  curb  and  gutter  was  built  In  a.  trench  as  shown  In  the 
cut  The  earth  was  removed  from  this  trench  with  pick  and  shovel 
at  a  rate  of  1  en.  yd.  per  man  per  hour.  The  concrete  work  was 
built  la  altenutts  sections,  T  ft  In  length.  A  contlnuoua  line  of 
plankB  was  set  on  edgn  to  form  the  front  and  back  of  the  ci 

•S*9iM«ann0.C7oittr(KF(lnp,  June  ID,  1908. 
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r  Curb  and  Outtbr. 
No.  of  Un.  rt 


AsaiBtant    Better    

Laborer    

Total    Betting   forma 
Uixlng  and  placing  concret 

WheelerB    

Mixing  concrete   

Mixing  flnislilng  coat... 

FInlslilnj; : 

Foreman  and  bos*  finlali 


Total      Cost . 


r 


tl.GS 

lO.EO 


Total  making  c 

Uat«rialB  for  lOD  lln.  : 
Portland  cement   . . 


»SS.75        t  7.61 


Quantlli'. 

H^4  bbla. 
.     7.5  yd*. 

2.G  ydB. 
.      1.5  yds. 


Fig.  : 


dement  Curb  and  Gutter. 

^elusive  of  lumber,  tools;  intvreBt,  prog 
0  cts.  i>er  lln.  ft. 


B  IB  the  total  cost. 
ind  It  Is  practically 

100  lln.  ft.  of  curb  and  gutter  there  were  4.S 
and  mortar  facing,  1  cu.  yda.  of  which  were 
5  laid   H  cu.  yds.  of 


_        whereas  the  4   men   mixing  and  placing  t 


r  flnlshlng   laid 
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ODly  2K  CO.  yds.  of  mortar  p«r  day,  aaaumlns  that  the  mortar  fln- 
Milns  averaged  Jiut  1  In.  tbicic  Since  these  1  men  (2  mixers  and  'i 
flnltfiers)  received  (lO.EO  a  day,  It  cost  more  than  14  per  cu.  yd.  to 
mix  and  place  the  1:1  mortar,  as  comiured  with  tl.41  per  cu.  yd. 
for  mixing  and  placing  the  concreta  The  concrete  was  built  In 
alternate  sections  T  ft.  long.  The  3  men  placing  forms  averaged  IDO 
Un.  ft.  a  day,  so  that  the  coat  of  placing  the  forma  wai  f  1  per  cu.  yd. 
of  concrete.  The  2  men  placing  and  tamping  clnden  averaged  IS 
cu.  yda  of  cinders  per  day,  or  8  cu.  yda  per  man.  This  curb  and 
gutter  was  built  by  contract  nt  46  eta.  per  lln.  tx. 

For  several  Jobs,  In  which  a -curb  and  gutter  essentially  the  same 
as  shown  In  Fig.  IB  was  built,  my  records  show  a  general  corre- 
spondence with  the  above  given  data  of  Mr.  Apple.  Our  work  was 
done  with  Bmuller  gangs,  1  mneon  and  2  laborers  being  the  ordi- 
nary ganBi  Such  a  gnng  would  lay  80  to  100  Un.  ft  of  curb  and 
gutter  per  lO-hr.  day,  at  the  following  cost; 

1  mason,  at  12.50 fi.EO 

I  laborers,  at  tl.SO 3.0D 

Toua    |i.50 

Thia  made  a  coat  of  GK  to  T  eta  per  lln.  ft.  for  labor,  and  it  did 
not  include  the  coat  of  digging  a  trench  to  receive  the  curb  and  gut- 
ter. 

Cost  of  Cement  Curb,  Baltimore,  Md.— I  give  the  following 
abstract  from  an  article  In  ErmineeTirig-Contracting.  Sept.  22,  1909, 
merely  to  ahow  bow  high  the  cost  of  a  cement  curb  may  be  when 
built  by  day  labor  Instead  of  by  contract.  This  work  was  done  In 
Baltimore,  In  1908,  by  city  forces,  at  the  foUawlng  cost: 

Per  lln.  ft 

0.037  cu.  yd.  crushed  atone,  at  |1.TG tO.0«E 

0.02  cu.   yd.   sand,  at  ia.80 0.01& 

O.SE  bbL  cement,  at  |i.29 0,064 

Total   concrete  materials tO.144 


Total  materials  ;0.304 

Labor    0.50S 

Grand  total  10.810 

The  gang  engaged  In  making  this  curb  was  aa  follows  per  8-hr. 
day: 

Per  day. 

1  foreman  I  4.00 

1  nnlsher   2.50 

S  laborers,   at  ll.SSft B.OO 

1  cart,  horse  and  driver 2.fio 

Total,  28  lln.  (I.,  at  50  eta 114.00 

The  curb  measured  S  Ina  thlctt  by  24  Ins.  hl^,  or  1  cU.  ft-  per 
Un.  ft-,  and  the  concrete  was  mixed  I  :  2^  :  i>.  Since  the  labor  cost 
GO  eta.  per  lln  ft.,  this  Is  equivalent  to  11  j.GO  per  cu.  yd. !  So  far  as 
1  know,  this  breska  all  records  tor  high  cost  of  cement  curb  work. 
Of  cnurse  the  "contractor^  proflti^'  were  SATed. 
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Coat  of  Csment  Curb  and  OutMr,  Ottawa,  Ont.*— The  method 
(md  cost  ot  constructing  1,326  ft.  Of  cement  curb  and  gutter  at  Ot' 
tawa,  Ont,  are  Klven  In  some  detail  by  Hr.  Q.  H.  Klchai^soo,  A»- 
alstant  CII7  Easlneer.  We  have  remodeled  die  descrlptlDi)  and  r»- 
arranKed  the  figures  Of  cost  in  the  foUowlns  paraBrapbB. 

The  concrete  curb  was  built  before  doing  any  work  on  the  road- 
way,  and  the  first  todi  wa*  the  excavation  of  a  trench  ZH  ft.  wld« 
and  averaging  1  ft.  8  Ins.  In  depth  through  Ught  red  sand.  On  tha 
bottom  of  this  trench  there  was  placed  a  foundation  of  atone  valla 
S  Ina  thick ;  In  width  thin  foundation  reached  from  3  Ina  back  of  tha 
curb  to  6  Ina  beyond  the  front  of  the  water  tabla  The  curb  waa 
mads  E>  Ina  thick  and  ran  from  10  Ina  to  &Vi  Ina  In  height,  and 
the  water  table  was  14  tns.  wide  and  4  ina  thick,  with  a  fall  of  1^ 
ina  from  front  to  back.  The  concrete  used  was  a  mixture  of  1  of 
Portland  cement  3  of  sand,  3  of  H-ln.  screened  llmeitone,  and  4 
o(  2-in.  stone.  It  waa  doi>OBlted  In  forms  and  tamped  to  bring  tha 
water  to  the  face  and  then  smoothed  with  a  Ught  troweling  ot  (tlft 

The  forma  were  constructed  by  first  setting  pickets  and  nailing  to 
them  a  hack  board  Z  ina  thick  and  12  Ina  wide  and  a  front  board 
3  ina  tiilck  and  C  ina  wida  The  concrete  for  the  water  table  waa 
dqioslted  In  this  form  In  sections  and  brought  to  surface  by  straight 
edge  riding  on  wooden  strips  nailed  across  the  form  and  properly  set 
to  slope,  etc.  After  the  water  table  had  been  troweled  down  and 
btvahed  a  1  x  ID-in.  board  waa  aeC  to  mold  the  front  face  of  the 
curl^  TbiB  board  was  sustained  by  small  "Icnee  framed'  made  of 
tliree  pieces  of  1  x  3-in.  stufl.  one  conforming  to  the  elope  of  the 
water  table  and  long  enough  to  extend  l>eyond  the  front  of  the  3  x  S- 
In.  front  i>oard.  a  second  standing  plumb  and  l>earlng  agaltiat  the 
1 X  10-ln.  face  board,  and  the  third  forming  a  small  comer  Inaos 
between  the  two  former  to  hold  them  In  their  proper  relatlTe  posi- 
tlona  The  1  x  lO-In.  (ace  board,  eta,  was  separated  from  the  2  x  13' 
in,  back  board  by  a  E-ln.  block  at  each  end.  and  then  braced  l}y  the 
luiee  frames  every  3  or  4  ft  In  this  way  It  was  possible  to  bring 
this  1  X  10-ln.  board  Into  perfect  line  by  moving  the  knee  brac«S  In 
or  out  and  when  correct  nailing  them  to  the  3  1  S-ln.  front  board. 
The  IxlO-ln.  face  board  being  In  position  and  braced  and  lined, 
the  curb  material  waa  thoroughlr  tamped  In,  and  when  readr  waa 
troweled  and  brushed  on  the  top,  a  amall  round  being  worked  onto 
the  top  front  comer  with  the  trowel 

Ebcpanslon  joints  were  provided  tor  by  building  Into  the  curb 
•very  13  ft,  a  piece  of  %-in,  boiler  plate,  wliich  waa  afterward 
withdrawn  and  the  Joint  tilled  with  sand  and  faced  over.  A«  mod 
aa  the  concrete  had  set  sutHclently  the  face  board  waa  taken  down 
and  (ace  of  curb  flnlahed  and  bruahed,  the  fillet  between  curb  and 
water  table  being  finished  to  m  Ina  radlua  Circular  curb  and 
gutter  of  same  construction  waa  built  at  each  comer,  H-ln.  haa«- 
wood  being  used  for  forms,  Instead  of  S  x  1-ln.  lumbar. 

■Biipfn«erin0-CoMtro«<()t(o  Nov.  IS,  ISOT. 
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In  ttddltlon  to  the  actual  donatructlon  of  curb  and  cutter  the  coM 
slveD  below  Includea  the  deaniiiK  up  of  the  street,  ipreaiUiiE  or  re- 
moval of  all  njrplua  material  from  excAvatEon,  anil  the  exWudon 
of  all  ddewallia  out  to  the  cvrba  at  the  comera  It  was  alM  necea- 
■ary  to  maintain  a  watchman  on  this  work,  which  duty,  under  erdl- 
Darr  clrcumitaucea.  would  be  done  \>y  the  general  watchman.  The 
total  length  built  waa  1,S£«  tt.,  of  which  I.SOS  ft  la  ctraight  and 
IIT  ft.  curved  to  a  IS-ft.  radius. 

The  rates  of  wacee  paid  were  %i  tor  horse  and  cart,  I1.6C  for 
watchman,  and  an  average  of  fl.90  per  da7  for  labor.  Including 
foreman ;  all  for  nine  hour^  work  per  day.  The  working  force  c6n- 
Hlsted  of  1  foreman,  1  flnlsher.  1  handy  man, .  1  concrete  men,  aod 
Z  laborers,  total  10  men. 
The  labor  cost  of  the  work  waa  as  follows; 

Par  lin.  (t. 
Labor:  Total.  Cts. 

Elxcavatlon  and  Betting  boards %  BS.SD  0.7 

Laying  stone  foundation 43.30  3.S 

Concreting   fll.SO  4.6 

Finishing    4S.16  3.4 

Carting    9.gE  O.TS 


Watehmt 


Material*: 

1T1.112    tons   I 
42  tans  2-ln.  B 


Total    t3B7.B8  ST.TO 

The  cost  of  supplies  and  tools  was  as  follows: 

Supplies.  Btc.:  TotuL 

1,000  ft  B.  H.  Ssl3  boards  charged  off |   B.2E 

GOO  fL  B.  U.  2  X  G  boards  charged  off 4.12 

"  —  ""    ~  •   -  "0  boards  charged  oft 14. KB 


^-[n.  basswood  . . . . 
f  keg  3-ln.  nails. . 
E  keg  4-ln.  nails... 


3.2B 


Total     141.17 

This  total,  when  divided  by  1,328  lln.  fi  of  curb,  gives  the  cost  pei 
lineal  foot  as  about  S  eta.    We  can  now  Hummarlxe  as  follows ; 

Item.  Total.      Per  lln.  fl.      P.  G.  of  total. 

Labor    1304.33  10.23  43 

Material    387. ES  .28  Gl 

Supplies    41.17  .03  6 

Total    }7I3.0e  30.54  100 

As  Indicated  above,  on  mere  extensive  work  the  cost*  of  carting 
watchman,  clsftnlng  up,  and  extras  would  be  avoided.     Ther  cos 
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OQ  this  work  S  ct».  and  the  work  couM  OieraTore  be  done  ror  49  cw. 
it  no  such  cbargea  were  lacluiled.  On  Buch  woik  alBO  the  charge  tor 
supplies  would  be  lower  per  foot  and  on  any  future  work  tbe  labor 
coat  could  be  materially  lowered,  this  curb  having  been  aomewhal 
of  an  experiment  as  to  method  of  construction.  It  la  thought  that 
with  no  clmrgea  for  carting,  cleaning,  watchman,  and  extras,  and 
with  the  experience  obtained,  this  curb  could  be  built  tor  about  It 
CIS.  The  proportions  adopted  and  the  method  of  construction  fol- 
lowed, produce  a  very  strong,  dense,  homogeneous  curb  and  gutter. 
Cost  of  Setting  Stone  Curb*. — Alter  the  trencli  has  been  dug 
and  foundation  prepared,  a  mason  and  a  helper  will  set  22E  Mn.  (t. 
of  Btone  curb  in  ID  hrs.  It  the  mason  receives  3G  eta  per  hr.,  and 
his  helper  receives  20  cts.  per  hr..  the  placing  of  the  curb  costs  2^ 
cts.  per  llD.  ft.  This  cost  Is  based  upon  the  work  of  laying  several 
thousand  feet  of  dressed  Medina  sandstone  curb,  24  Ins.  deep,  and 
does  not  Include  any  dressing  ot  (he  stone.  The  men  were  not  very 
effldenL 

Coat  or  Cutting  and  Setting  Granite  Curb,  N,  Y.*— The  work 
was  done  by  a  contractor  on  a  New  York  City  street,  and  involved 
the  dressing  and  netting  of  1,SE0  lin.  ft.  of  granite  curb.  Each  curb 
cutter  cut  iSM  Un.  fL  ot  curb  per  day,  and  each  curb  Setter  set  1B4 
llD.  ft.  per  day.     The  labor  cost  was  as  follows : 

Per  Ho.  tt. 

0.0352  day  curb  cutter,   at   t4.00 f 0.141 

0.00 SB  day  curb    setter,   at   *4.00 0.023 

0.O12O  day  curb  setter's  helper,  at  fZ.OO 0.ttZ4 

Total    tO.188 

These  men  were  very  Inefllclent  or  poorly  managed. 
Cost  of  Resattlng  Curb,  N.  Y.t — On  Broadway,  between  llOth 
and  119th  streri,  2.2i3  Iln.  It  of  stone  curb  was  set  In  1904.  Of 
this  only  BOO  ft.  was  new  curb,  the  rest  being  old  curb  that  was 
taken  up,  dressed  and  reset  The  work  was  done  by  a  contractor, 
whose  men  worked  an  8-hr.  day,  and  the  actual  costs  were  QS  fol- 

■r  Iln.  f  L 


^^Jf^' 


l.GO  -OSD 

Total  per  Iln.  ft. (0.024 

Concrete:  Rate  per  day.     Per  lin.  tt. 


Rate  per  day.     Per  Iln.  tt. 
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for  t 

The  concrete  (or  the  curb  foundation  required  twenty-nine  loads 
of  Btone  costing  IT2,  aliteen  loads  of  Band  at  a  total  cost  of  %3f,  and 
I6D  bags  of  cement  at  a  total  cost  of  fSt-  The  total  cost  of  the  ma- 
lertaJ  tor  the  curb  foundation  amounted  to  flTl.  • 

Recording   Coat   of  Street   Sprinkling. — No  record  of  the  cost  of 
street  sprlnkllnK  Is  entirely  satlsfoctorj'  unless  It  BhowB: 

1.  The  average  dally  wage  of  team  and  driver  on  the  sprinkling 

2.  Number  of  miles  of  street  of  £lven  width  kept  sprinkled  each 
day  by  each  sprlnkllns  wagon. 

i.  Number  of  gallons  of  water  averaged  per  day  per  square  yard 
of  street,  of  given  kind  of  pavement,  during  the  sprinkling  season 
(usually  Apr.  1  to  Oc^  31  In  the  North). 

4-     Number  of  days  that  sprinkling  was  done  during  the  year. 

G.  Cost  per  sq.  yd,  for  the  year  for  (a)  water  and  (b)  team 
time  aprlnkllne  It.  , 

Contracts  have  often  been  let  on  the  basis  of  a  given  price  per 
l.OOO  sq.  yds.  for  sprlnkllns  during  the  dry  season.  This  form  ot 
contract  Is  objectionable  In  that  disputes  are  very  apt  to  arise  over 
the  Inqjectlon  of  the  work.  What  seems  suOlclent  sprinkling  to  the 
contractor  may  seem  quite  Inaufflcient  to  the  Inspector.  I  am  strong* 
ly  In  favor  of  doing  all  sprinkling  by  contract,  but  the  contract 
should  be  based,  not  upon  the  number  of  wiuare  yards  sprinkled  a 
stated  number  of  times  dally  for  a.  stated  number  of  days,  but  upon 
the  number  of  palJon*  sprinkled  from  a  nottle  of  tpecl/led  kind.  This 
Involves  metering  the  sources  of  water  supply,  which,  however.  Is  an 
expense  of  slight  consequence. 

The  cost  of  sprinkling  depends  primarily  upon  the  amount  of  water 
loaded  Into  the  tank,  hauled  and  spread  upon  the  street ;  hence  the 
gallon  Is  the  proper  unit  of  cost.  Obviously,  however,  the  kind  of 
sprinkler  or  nazzle  from  which  the  water  Hows  should  be  specined, 
■o  that  too  much  water  will  not  l>e  put  tipon  the  street  at  one  time 

Such  a  contract  le  flexible  as  to  the  number  of  sprinklings — de- 
pending on  the  weuther — and  Is  exact  as  to  its  payment  In  pro- 
portion to  work  done.  Nor  can  It  fall  to  t>e  tar  cheaper.  In  the  long 
run.  than  any  attempt  to  do  the  sprinkling  by  day  labor  farces  work- 
ing tor  the  clly. 

Cost  of  Street  Sprinkling,  WMhlngton,  D.  C.*~-About  10  miles 
of  streets  and  roads  In  th«  District  of  Columbia  are  sprinkled  each 
<lBy  upon  which  weather  condltlotis  were  such  as  to  render  It  neces- 
aary.  The  District  owns  its  own  sprinklers  and  teams  and  hires  the 
drivers,     In  all  19  sprinklers  are  us*d,  four  on  the  heavily  traveled 

'Snoineerina-ContracUng,  Doc.   i,   1907. 
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car-tT«ck  paved   afreets,   and   tG  on   macadam  and  dirt  streeta  or 

ESach  Bprlnkler  la  required  to  cover  two  mllea  of  territory  from  8  a. 
m.  to  G  p.  m.,  at  least  three  tlmea  each  day.  The  q^rlnklera  are 
2-hoTi>e  waxona.  and  have  a  capacity  of  4G0  gallona  each.  On  the 
averaKe.  it  i*  neceasary  to  All  the  tanka  about  every  t^  aquam^ 
or  a  distance  In  one  direction  of  l.TEO  fU 

The  dlmenalon  of  the  apray  no»le  on  the  inalde  la  4H  Ina  Id  di- 
ameter, and  the  holes  ChrouKh  which  the  water -dowa  vary  from  l/ZZ 
Ins.  to  4/32  <na  and  cover  a  diameter  of  2>A   Ins. 

The  water  la  mipphed  tree  of  charffe,  and  drivers  are  paid  tl.TS 
per  day,  In  addition  to  which  It  IB  eatlmaled  that  the  cost  of  main- 
taining: the  2  horses,  repairs,  etc.,  la  about  11.25  per  day,  or  a  total 
Of  tX.OO  for  each  day  per  wagon  for  each  day  upon  which  work 
Is  performed. 

The  cost   of  the  sprlnkllns  for  the  flscal  year   ending  June   3D, 

Drivers     (  4.S21.J7 

Forage,   pro  rata 4,863.77 

Horseatioes  and  nalla.  pro  rata.  218.G5 

Incidental  expeneea.   pro  rata..  419.13 

Hlacellaneoua  expenaea,  pro  rata  830.41 

Wages  of  extra  laborers 1,28R.1S 

Total,  40  milea,  at  1308 fIZ,142.Sl 

The  total  number  of  daya  worked  was  19B. 

The  cost  of  maintaining  and  operatInK  each  sprinkler  for  the 
nacal  year  was  about  IS44,  or  (3.30  per  sprinkler  per  day  worked. 
Since  each  sprinkler  covered  2  miles  of  street,  or  about  37,600  sq. 
yds.  dally,  the  toUl  cost  of  sprinkling  (exclusive  of  the  cost  of  the 
water)  was  (844 -^  87, BOO  sq.  yds  =  1.72  cts  per  sq.  yd.  per  soason 
(of  190  days),  tor  sprinkling  three  times  dally. 

Cost  of  Sprinkllnt)  Streets  and  Road*.— Mr.  J.  J.  H.  Croet  saya 
that  to  keep  down  the  dust  In  Central  Park,  N.  T..  from  April  1  to 
Oct.  31  (T  moa).  about  100  cu.  ft  (750  gals.)  of  water  were  used 
dally  per  1,000  an.  yds  of  macadsni,  the  greatest  amount  on  any 
one  day  being  157  cu.  ft.  per  1,000  sq.  yds  Carts  holding  41  cv.  ft 
of  water  were  used.  From  the  above  It  appears  that  about  1*0  gBlS. 
Of  water  were  used  per  sq.  yd.  of  macadam  during  the  7  mos 

Ur.  Ti.  P.  North  statea  that  to  keep  down  the  duat  on  an  earth 
road,  water  applied  twice  dally,  there  were  143  cu.  ft  (1,070  gala) 
of  water  used  dally  per  1,000  sq.  yds.  A  aprlnkllng  cart  boldlng  80 
cu.  ft.  covered  BGO  sq.  yda.  or  about  Vi  gal.  per  sq.  yd. 

Mr.  B.  W.  Howe  gives  the  coat  of  sprinkling  park  (macadam) 
roada  The  road  waa  sprinkled  ID  tlmea  dalljr  to  keep  the  duat 
down,  &  sprinkler  with  line  holes  being  used. 

Per  mile 
per  year. 

1,1TD,D00  gala,  water,  at  IS  cts.  per  1,000  gal* TIB7 

Teama G3S 

Total    J7I0 
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UnCortunatelr  th«  width  of  these  perk  roadi  I*  not  Klven,  « 
It  h  Impoaslble  to  arrive  at  the  amount  of  water  or  coat  per  aq.  yd. 

AiiMunt    »f    Water    for    Sprinkling     StreaU,     rndlanapolia 
Mlnneapolla^-Ur.  F.  A.  W.  Davia  glvei  the  following.    In  Indlan- 
ipollB.   durinx  the  Tear  of  Itil.  from  Apr.    1  to  Oct.   31    (T  moi 
.4.900.000  oq.  ft.  of  Btreeta  were  sprinkled.  UEdng  T.l  gala,  per  aq.  I 

M  Bala,  per  aq.  yd.,  tor  the  season.    The  water  was  metered  and 

paJd  for  at  S  eta.  per  1,000  Bala  (or  ISO  per  1,000,000  gals.).    Hence 

ihe  water  coat  (O.OOS.  or  H  ct.  per  aq.  yd.,  or  about  14  mill  per  aq. 

The  sprinkling  waa  done  by  contract,  the  prices  rHnglng  from 

8  to  f48  per  10,000   aq.  ft,  which   !■  equivalent  to   3.4  ct  to 

.   per  aq.   yd.,  for  the  season.      The  streets  were  aprlnkled  )  t 

nea  dally.      Hence  these  contract  prlcea  were  high. 

I>urtng  1893   there  were  8  gala;  used  per  aq.   ft,  or  It  gala 
aq.  yd. 

It  la  stated  that  In  Htnneapolls,  during  1893.  each    team     on    a 
sprinkling  cart  averaged  7,100  lln,   ft.   of  street   aprlnkled  per  day, 
which  Is  nearly  1.4  mllea  of  atreet,  there  being  ISO  carts  employed  In 
sprinkling  ZB7  mllea  of  atreet.     During  two  of  the  driest  months  < 
summer,  ID.OOO.OOO  gala,  were  use^  par  day,  which  Is  nearly  50.01 
gala,  per  mtle  per  day.     The  width  of  streets  Is  not  stated,  but 
they  averaged  31  ft.,  there  were  2.87  gals,  of  water  per  aq.  yd.  per 
day.  during  the  two  driest  months. 

Sprinkling  Car  Tricks.-^The  cost  of  sprinkling  the  stree 
tracks  of  the  Detroit  United  Railway  of  Detroit,  Mich.,  amounts  to 
t4,113  per  season;  the  company  has  eight  sprinkling  cara'ln  opera- 
tion, the  cost  for  each  car  per  year  thus  being  }G11.  Two  of  the 
cars  have  tanks  of  a  capacity  of  3.670  gallons  each,  and  six 
bave  a  tank  capacity  of  3.702  gallons  each.  A  car  having  a  tank 
capacity  of  3.702  gallons  sprinkles  at  one  fllUng  3.3  mllea  of  track 
to  a  width  of  8  fL     The  rate  per  hour  Is  10^  miles. 

Recording  Cost  of  Street  Sweeping — Very  rarely  doe*  an  a 
report  on  municipal  street  sweeping  contain  the  data  In  fom 
admits  of  comparison  with  other  cltlea      Sweeping  coat  data  should 
be  so  compiled  aa  to  show  the  following: 

I.     The  organliatlon  of  the  workmen,  the  nurobera  In  each  class, 
and  their  respective  dally  wages. 

t.     The  average  dally  wage. 

3.  The  number  of  days  worked  by  the  average  workman  during 
the  fiscal  year. 

4.  It  possible,  the  average  number  of  times  all     atreets     were 
swept  during  the  year. 

5.  The  coat  Of  this  sweeping  per  sq.  yd.  of  street  per  year. 
•.     The  cost  per  1,000  sq.  yda  for  one  sweeping. 

7.     Tim  number  of  loada  and  cu.  yds.  of  sweepings  removed. 
It  la  further  dealrable.  where  there  are  several  different  kinds  of 
pavements,  to  give  the  unit  costs  of  sweeping  each  clasa 
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Where  maf  hlnes  are  u««d.  Ibeir  kind  and  number,  aa  well  aa  tiM 
methods  of  doing  the  work  should  be  alated. 

A  commoD  cost  of  sweeping  Is  about  20  eta.  per  1,000  mi.  ydm 
swept  once.  Henee  If  a  street  Is  swept  3  times  a.  week,  or  ISI  tlmea 
a.  year,  the  cost  la  3.12  uts.  per  sq.  yd.  per  year  for  sweeping. 

II  Is  commonly  believed  that  street  cleanlos  can  not  be  we]l  dona 
by  contract,  due  to  the  difficulty  of  specifying  exactly  what  la 
wanted  and  o(  determining  by  Inspection  whether  the  contract  Is  b»- 
Ing  lived  up  to.  This  Is  undoubtedly  true  where  the  attempt  Is  nuulA 
to  contract  at  a  given  price  per  sq.  yd.  of  street  per  year.  On  the 
other  hand.  It  has  been  demonstrated  In  Washington.  D.  C,  and 
elsewhere,  that  much  of  the  difficulty  vanlahea  whfln  a  contract  la 
made  on  the  basis  of  1,000  sq.  yds  swept  once.  Then,  if.  iB.f,  3 
sweepings  a  week  does  not  give  mtlsfactory  cleanliness,  the  number 
of  sweepings  can  tie  Int^reaoed  and  paid  for  at  the  contract  price  o^ 
say,  20  cts.  per  1.000  B(^  yda  swept  once. 

Under  such  a  contract,  the  contractor  should  be  required  to  work 
his  nien  In  (alrly  large  gangs,  and  under  the  general  direction  ot  the 
city's  representative.  Under  the  "patrol  system"  of  sweeping,  eacb 
street  cleaner  la  assigned  a  certain  length  of  street  to  keep  clean. 
This  Is  a  (alrly  satlsfBctory  method  where  work  is  done  by  day  labor 
by  tlie  cily ;  but  it  Is  not  an  economic  method,  nor  one  to  be  gen- 
erally used.  The  German  method-  of  hai'lng  men  work  In  lar«e 
gangs  1b  far  more  economic.  It  possesses  the  very  lotportant  advan- 
tage ot  enabling  one  to  know  exactly  how  many  times  each  street 
has  been  actually  swept  over  each  week,  and  thus  makes  It  possible 
to  determine  what  it  has  cost  per  1.000  sq.  yds.  for  each  sweeplns. 
As  this  Is  the  only  unit  of  coat  of  sweeping  that  admits  of  a  rational 
comparison  of  the  cost  In  different  cllie^  or  of  the  cost  In  dlRarant 
sections  of  the  same  city.  It  Is  obviously  of  the  utmost  ImiMrtance 
Id  ailcipt  the  "gang  system"  and  atundon  the  "patrol  system"  of 
sweeping. 

Coat  of  Street  Sweeping  In  38  Cities.— In  January,  1900.  Mr. 
Andrew  Rosewater,  City  Engineer  of  Omaha.  Neb.,  collected  Ibe 
data  shown  in  Table  XIX.  It  will  be  noted  that  he  eecured  the 
actual  costs  for  the  year  1898;  and  that  the  costs  (or  18B9  were 
estimated,  but  probably  close  to  actual.  It  Is  unfortunate  that  the 
data  were  not  secured  to  show  how  many  times  Ibe  average  street 
was  swept  In  each  city,  for  then  wc  could  have  determined  what  It 
cost  per  1,000  sq.  yds.  swept  once. 

Excluding  New  York,  Chicago.  Philadelphia  and  Pittsburg,  tbe 
31  remaining  cities  have  3.ST0  miles  ot  paved  streets  with  on  area  ot 
7I,439,0»i  sq.  yda  Hence  the  average  width  of  pavement  is  IIH 
ft.,  which  la  equivalent  to  3.T  eq.  yds.  per  lln.  ft  of  street,  or  IS.EOO 
sq.  yda.  per  mile.  The  estimated  cost  of  cleaning  these  t1  cities  la 
1899  was  |i,30E,S9G  (Including  Newark  and  Minneapolis  on  the  baala 
ot  1898).  This  is  lyjulvalent  to  i.ti  eta.  per  sq.  yd.  of  pavement 
tor  the  year,  or  |3?  30  per  1,000  sq.  yds. 

Assuming  that  the  pavements  of  Chicago.  Philadelphia  and  Pitta- 
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tmrc  alBO  averaged  MM  t.  wide,  the  ci 


t  ot  clsanlDC  tbe  lour  targ* 


Cts. 


New  York 

Chicago  2.8 

Phtlauelphia   3.1 

PlUatnirg    3.8 

The  Bhameful  record  ot  Mew  Vork  Ib  well  seen  by  this  contraat 

There  has  been  no  Improvonent  in  New  York  since  1839.    In  faci 
the  unit  coBia  of  cleaning  have  risen.    In  ISOfl  the  boroughs  ot  Man- 
hattan and  the  Bronx,  had  63B  miles  of  paved  atreets.  t2.36E.D0a  aq. 
yda    and  a  population   of    2.61B.602.      The   cost   of  street    swaeplni 
alone  was  11.GGS.18Z,  or  12.7  cts.  per  sq,  yd.     The  coat  of  carting  al 
the   refuse,    ashes,    garlmge.    and   street   sweepings,    was    }1.211.S39 
Thla  material  was  carried  away  In  acowa  and  depoalted  In  dumps  at 
a  coat  ol  1175.249.   making  a  toUl   of  nearly   f3, ODD, ODD,    of  which 
at  leaat    11%    should    be  charged   against    Che   street   Bweeplnga. 
»I40.e00,  as  that  waa  tfaelr  relative  number  of  cart  loads.     Thla 
equivalent  to  2.8  eta  per  sq.  yd.  of  pavement-     Administration  e 
penses  added  (1%,  or  another  1.0  ct.  per  sq.  yd.,  making  a  total 
ICS  cts.,  without  any  allowance  for  interest  and  depreciation  on  t 
plant  {horsea,  carts,  etc),  or  for  rents  and  mlscellanlea,  which  we 
fuUy  Z   cla  more  per  sq.   yd.      The  city  accounts  are  so  kept  th 
complete  unit  costs  are  almost  Impossible  to  secure  from  the  antiu 
reports.    Political  ndanile  Is  written  all  over  these  New  York  Cit; 
con  records. 

Cost  of  StrsM  Claanlng,  Washington,  D.  C* — The  street  cleaning 
work  of  Washington  covers  an  area  of  T,88«,030  sq.  yda  Of  this 
•mount  1,T45,4G2  sq.  yda  of  paved  atreets  are  cleaned  by  hand 
patrol  work ;  3,245,297  sq.  yda  of  paved  streets  are  cleaned  by 
machins  sweeping;  1,714,400  sq.  yda  are  unpaved  streets:  and 
M1,I3T  sq.  yds.  are  public  alleys,  paved  and  unpaved. 

The  kaad  polrol  teorfc  is  done  by  municipal  forces,  a  summary  of 
tbe  work  done  tiy  them  during  the  fiscal  year  ending  June  30,  1907, 
befnX  as  follows :  ' 

Numt>er  of  days  worked Utl 

Number  of  men  employed 


22,330 


Bags  of  paper  removed 5I,!93 

Prom  thla  It  Is  evident  that  since  1,745,453  sq.  yda  of  street 
Involved  sweeping  an  area  of  4)7,811,218  sq.  yds.,  these  streets  must 
have  been  swept  2gG  times  during  the  year,  or  not  quits  once  every 
day. 

Tbe  COM  of  th«  work  was  as  follows  for  each  sweeping : 

Per  1.000 
Total,  sq.  yda 

Labor    »B2.aS8.91  lO.lSB 

Hstertals.  etc. 8.338.14  ^17 

Total    »90,«7S.05  |0.182 

'BtaiMxerinB-CimtTactina,  Nov.  27.  I$OT. 
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The  Item  materials,  etc.,  Included  the  tollowlnc: 

Bamboo,  baaa  and  blocks |I,2Eg.tT 

Bags   1,910.00 

Corn   brooms   ipg.oo 

i'Drnge.   iiTO  ratu    ' '.'.'.'.'.'.'.'.'.'.'.'.'.  3,157!i8 

IncldentaJ  e>^penEeii.  pro  rata 273.12 

MlBceltaneouB 1,41S.E1 

Rent  of  tool  houoe 48.04 

Total    18.3 JiTu 

T!ie  coHt  of  hand  cleanLng  per  i:ublc  yard  ot  debris  removed,  e«- 
clualve  of  waste  paper,  was  12.283.  as  against  82.011  In  1006,  Uie 
Increase  being  due  to  the  longjer  haul. 

The  average  width  of  the  streets  cleaned  was  SB  ft.,  and  the  coat 
per  mile  of  cleaning  was  84, OG.  A  total  area  of  I,T4G,4&Z  sq.  yds. 
was  gone  over  each  day.  The  wage  paid  laborers  was  tl.SO  per 
B-hr.  day,  and  each  laborer  had  an  average  strsel  service  area  of 
between  9,000  and  lO.OOO  sq.  yds. 

The  cost  ot  this  hand  sweeping  was  G,2  cts,  per  sci.  yd.  of  pave- 
ment per  year,  which  la  lust  twice  what  the  machine  sweeping  cost, 
due  principally  to  the  fact  that  the  machine  swept  streets  were 
only  swept  115  times  during  the  year. 

A  total  of  SE.Z3Z  large  sacks  of  paper  was  gathered  In  (he  hand 
Cleaning  district  alone,  an  averoge  of  200.3  sacks  per  working  day. 
Only  a  small  proportion  of  this  amount  was  taken  from  the  waste 
paper  boxes  placed  at  different  points  throughout  the  business  dis- 
trict. In  order  to  keep  the  streets  and  sidewalks  within  the  hand 
cleaning  territory  free  of  paper  during  the  daytime  an  average  o( 
two  hours  out  ot  the  eight  was  devoted  by  the  laborers  to  picking  It 
up.  For  this  purpose  the  men  were  required  to  go  over  their 
respective  sections  four  times  per  day — the  first  thing  In  the  morn- 
ing,  before  luneh,  after  lunch,  and  toward  the  end  of  the  workInK 

The  machine  iteeepttia  of  paved  streets  (3.24E,29T  sq.  yds.)  woe 
done  by  contract,  a  summary  o(  the  work  accomplished  for  the 
Hscol  ye,ir  1907  being  as  follows: 

Number  of  days  worked   HHi 

Area  denned,  so.  yda 373.021. 844 

Area  cleaned,  miles  ie,7S3 

Debris  removed,  cu,  yda 86,814 

Contract    price     per     1,000     sq,     yda    per 

sweeping    *0.2I% 

Cost  per  mile  per  sweeping IE. 07 

The  tirea  covered  by  machine  sweeping  was  as  follows: 

Area,    sq.    yds. S.2(S,29T 

Cost  per  sq.  yd.  per  year 2.e!  eta. 

Area.  mllPB    "S.8 

Avpmgo  width  of  paved  street,  ft 88 

Area  ripnncrt  vr  day.  sq.  yd- ''SSMSS 

Aron  cleaned   B  tlme<  per  wpek.  sq.  yds "M" 

Area  cleaned   3  times  per  week.  sq.  yd<t. ....  .1,253,88! 

Average  number  of  limes  streets  were  swept. .  IIB 

of    the   work   of   cleaning   the   unimproved    stTeMa 
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(1,734,440  aq.  yda.).  confllating  of  rough  cobblestone,  maca^.tmlzeJ. 
Krevel  and  dirt  roads  ajid  streeta  la  aa  toUows: 

Number  of  daya  worked   27S 

ArBH.  cleaned,  sq.  yda.    11,007,419 

Arm  cleaned,  miles 1.(52 

Debris  removed,  cu.  yds 20,236 

Contract  price  per  day  for  full  torce *73,80 

Cost  per  1.000  sq.  yda.  per  sweeping lO.SSS 

Coat  per  mile  per  aweeplns jll 

Avemse  Dumber  of  tlmea  streets  were  swept  18 

The  total  area  of  unpaved  Mreeta  waa  1.734,440  sq.  yda,  the 
average  width  beliiK  3S  ft.  A  total  area  of  214,196  sq.  yda  was 
cleaned  eacb  day. 

The  cleaning  of  public  alleys  (0S1,T37  aq.  yda  paved  and  un- 
paved) was  done  by  contract,  a  aummary  of  the  work  done  being  as 

Number  of  days  worked    2S0 

Area  cleaned,  sq.  yda. 44,131.506 

Area   cleaned,    miles 6,289 

Average  width  of  alleys,  f L 12 

DebriB  removed,  cu.  yds. 12,2g8 

Contract  price  per  1,000  yds.  per  sweeping. .  f0.40 

Cost  pec  mile  per  sweeping t2.Sie 

Average  number  of  tiroea  swept 46 

Cost  of  Sweeping  Streets  Washington,  D.  C— Hr.  Warner  Btutler 
gives  the  following: 

Ihirlng  the  year,  July  1.  1901-02.  1.565,809  sq,  yds.  asphalt  were 
swept  dally  by  hand.  There  were  ZOO  men,  at  tl,25,  and  9  teams. 
The  total  area  cleaned  waa  413,765.028  sq.  yda.,  at  a  cost  of  IS.S 
eta,  per  1,000  aq.  yda  for  each  sweeping. 

The  numlier  of  times  swept  during  the  year  waa  413,766.028 -> 
1,565,809  =  264.  Hence  the  cost  per  sq,  yd.  of  pavement  pel-  year, 
for  sweeping,  was  4.9  eta 

Tbea  a  "pick-up"  sweeper  ("The  Peerless."  made  by  Barron  A 
Cole,  of  New  York  City)  waa  adopted,  with  which  a  laborer  could 
clean  33%  more  area  dally  than  with  hand  brooms  and  do  belter 

Cost  of  Sweeping  With  a  "Pickup"  Sweeper.* — During  the  sum- 
mer of  1007  Mayor  Geo.  B,  UcClellan  appointed  Mr.  H.  de  B.  Par- 
sona.  Dr.  Rudolph.  Bering  and  Mr.  Samuel  Whinery  a  commission 
to  report  on  an  improved  and  more  effective  system  of  street  olenn* 
ing  and  waste  disposal  than  Is  now  in  operation  In  New  York  City. 
At  the  end  of  the  year  this  commission  made  Its  report,  which  has 
since  been  printed  by  the  city. 

The  report  covers  nearly  250  pages,  and  has  In  it  much  Valuable 
Information  on  street  cleaning  and  waste  disposal.  The  commission 
has  made  a  study  ol  many  features  of  this  kind  of  work,  and 
liaH  collected  a  large  amount  of  data  on  the  subject. 

The   report  discusses  at  some  length   the  various  methods  used 

*BngtneeHnO-Ci)*lTacting,  May  fl.  1908. 
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In  street  cleanins,  &oA  gives  an  eatlnnaied  coat  (or  each  method  de- 
scribed, thus  allowing  a  comparleDn  at  each  with  the  other.  Tha 
estimate  on  hand  sweeping  by  the  "patrol  method"  Is  as  lallows: 
Cost  of  one  outflt: 

One  hand  cart  IIO.OS 

Five  cans  for  sweepings,  at  12. SO 12. ED 

Four    hand    brooms,    at    GG    cts 2.(0 

One  shovel    > 0.7S 

Two  eteel  scrapers,  at  tS 4.00 

Total    t89.86 

Artmtal  charger: 

Interest  on  outnt  at  4% I  1.19 

Repairs  and  deprecUtloa  at  $0% 17.01 

Total  annual  charges   fll.lO 

Or  for  310   days,   per  day lO.OfiZ 

Cost  ol  operation  per  day.  1  man  sweeping  2.190 

Total  cost  per  day tl.ZGI 

On  the  twsis  that  one  sweeper  will  clean  satisfactorily  B,000  aq. 
yds.  of  pavement  per  day  Che  cost  per  1,000  sq,  yds.  will  be  28.1  cts. 

Id  closing  their  remarks  on  hand  sweeping  tha  conunlBslonerB 
said: 

"A  modlfled  method  of  hand  sweeping  In  use  In  a  number  of 
American  and  foreign  cities  consists  In  substituting  for  the  ordinary 
push  broom  a  small  machine  with  a  revolving  brooro.  This  machine 
Is  generally  similar  to  the  large  machine  sweeper,  except  that  It  Is 
designed  to  plch  up  Its  own  sweepings  and  deposit  them  In  an 
attached  receptacle,  which  Is  emjitied  when  neces^JT.  This  small 
machine  Is  pushed  over  the  street  by  the  street  sweeper  and  does 
Its  work  Quite  well  when  the  street  Is  dry.  It  Is  SKtenslvely  used 
In  Washington,  where  it  In  well  liked.  One  objection  Is  that  on 
heavy  traveled  streets  there  Is  dlfflculty  In  working  It  among  horses 
and  vehicles.  Upon  the  whole,  this  hand  sweeping  machine  Is  not 
In  general  favor  in  Amorkiin  tillea" 

It  !b  to  be  very  much  regretted  that  this  commission  of  eminent 
engineers  did  not  make  a  thorough  Investigation  of  this  sweeping 
machine  and  report  their  findings  on  It.  This  type  of  machine 
seems  to  us  to  solve  some  of  the  problems  of  street  cleaning,  and  in 
this  article  we  give  some  duta  that  we  have  collected.  We  realise 
that  tlieir  can  be  some  objection  to  any  method,  but  on  good  pave- 
ments these  machines  can  effect  a  saving  over  the  patrol  hand 
sweeping,  and  at  the  same  time  do  much  more  elTlclent  work. 

This  style  of  machine  has  been  used  In  Washington,  D,  C  Stnce 
the  summer  of  1901.  and.  as  the  commission  slates,  "It  Is  well  liked." 
The  name  of  the  machine  used  In  Washington  Is  the  "Peerless,"  sold 
by  Barron  A  Cole,  of  New  York  City. 

Prior  to  the  InstHllalion  of  these  machines  In  Washington  a  patrol 
sweeper  swept  daily  7.46*  sq.  yds.,  and  with  the  pick-up  machine 
the  same  man  covered  9,146  sq.  yda,  an  Increased  area  of  more  than 
22  per  cent.  In  order  to  compare  this  with  the  costs  given  above  tho 
-ame  wages  will  be  applied.    Thus  we  hare: 
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Cott  of  one  oufjil.- 

One  PeerlesD  band  BWeeper tTG.OO 

Forty  bags    *.00 

Four  uprtKht   broomB  at  3&  cU 1.40 

One  Hhoval    76 

One  steel  loosener 40 

Total    t81.GG 

^HHiial  chorgei; 

Int.  on  outfit  at  4% t  3.S« 

Four  now  brooms  at  (4 IS.OO 

Depreciation  at   20% 18.31 

I  Total  annual  charsea tSE.GT 

Or,  tor  310  days,  par  day 10.114 

One  man  Z.IOQ 

Total  cost  per  day    }S.3a4 

With  the  area  of  9,146  eq.  yds.  iwept  per  day  thli  elves  a  cost  per 
1.000  sa.  yds.  of  36.1  eta.,  or  Just  S  eta,  less  than  the  estimated  coat 
of  the  patrol  aweepinK, 

The  working  day  In  WasbiDBton,  like  New  York,  la  S  hrs..  but  the 
raacbhiea  are  only  operated  6  hra  each  day,  aa  the  men  apend  3  hra, 
each  day  in  plcklDg  up  paper.  For  thla  purpose  the  men  are  re- 
quired to  CO  over  their  reapectlve  sections  tour  times  per  day — 
the  first  thins  In  the  momlnK.  before  lunch,  after  lunch,  and  towards 
the  end  of  the  workinB  day.  It  would  aeem  possible  that  this  ptu>er 
could  tie  cared  for  In  some  other  way.  With  ordinances  properly 
enforced  the  greater  part  of  It  should  be  put  Into  boxes  on  the  side- 
walks by  the  uaers  of  the  street,  thua  preventlnK  the  paper  from 
being-  scattered  In  the  street.  With  the  waste  paper  eliminated  and 
the  men  employed  on  the  machines  operating  them  S  hra,  the  area 
covered  per  day  would  be  between  11,000  and  12,000  sq.  yds.  at  a 
cost  of  about  20  eta.  per  1,000  sq.  yds.  The  style  ot  box  tor  de- 
IKHritlnK  waste  paper  should  be  somewhat  similar  to  the  package 
mall  boxes  used  by  the  government,  as  the  self-closing  lids  prevent 
the  paper  from  being  blown  out  ot  the  boxes  by  the  wind. 

Burlap  bags  should  likewise  be  used  tor  collecting  the  street 
■weepings.  Instead  ot  cans.  The  bags  are  cheaper  and  better  adapted 
to  the  work.  The  dirt  receptacle  on  a  sweeper  ordinarily  holds  the 
sweepings  of  about  BOO  sq.  yds.  When  the  dirt  Is  dmnped  from  the 
sweeper  It  can  be  shoveled  Into  a  bag.  the  bag  being  held  open  on 
hooks  made  tor  the  purpose  on  the  handle  of  the  machine.  The  bag 
can  be  tied  up  and  placed  on  the  sidewalk  tor  the  pick-up  wagon 
to  carry  away.  With  a  bag  It  Is  not  possible,  either,  for  the  wind 
or  some  boy  to  scatter  the  dirt  as  with  an  open  top  can.  With  the 
machine  carrying  a  bag  on  the  hooka  on  the  handle  paper  can  also 
be  picked  up  by  the  operator  as  he  paeses  a  piece  and  placed  fn  the 
bag.  With  bags  a  larger  load,  without  chance  ot  spilling  any  dirt, 
can  be  carried  on  the  pick-up  wagon  or  carl 

Upright  brooms  are  cheaper  than  push  brooms,  and  can  be  used 
Wltb  this  machine,  as  brooms  are  only  needed  to  sweep  the  dirt 
awa-y  from  curbs  or  In  taking  up  the  sweepings  after  Che  machines 
bave  been  emptied. 

The  steel  loosener  has  a  long  handle  and  la  used  to  loosen  any 
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materials  that  have  become  stuck  to  the  pavement,  the  length  of  tho 
baaOXe  admlttlnK  ot  thla  betng  done  witliout  ihe  operator  leaving  his 
position  behind  the  machine. 

The  machine  usee  up  four  brooms  a  year,  and  Uiese  have  been 
charged  in  the  annual  expenses.  The  life  of  a  machine  Is  from 
S  to  ID  years,  hence  a  depreciation  o(  20  per  cent  per  year  Is  more 
than  ample  to  allow,  and  this  will  also  cover  renewals,  as  we  are 
Informed  by  the  manufacturer  that  (or  about  200  machines  used  by 
the  city  of  Washington  the  repair  parts  ordered  during  tbe  past  two 
years  have  not  amounted  to  quite  J200,  or  a  yearly  expense  of  le«» 
than  50  eta  for  each  machine. 

The  great  problem  in  street  cleaning  Is  the  removing  of  the  finer 
particles  and  the  dust.  The  commission,  In  Its  report,  dwells  at  some 
.  length  on  this.  The  coarser  particles,  they  state,  are  eatfly  cleaned 
up,  but  even  when  a  street  has  been  swept  there  still  remains  the 
dust,  which  Is  a  "serious  menace  to  health  and  a  destructive  and  dis- 
comforting element  of  city  life."  The  hand  piclc-up  sweepar  does  not 
take  up  all  of  this  dust,  but  II  does  take  up  the  greater  part  of  It. 
as  Is  evident  when  one  walks  along  Pennsylvania  Ave.  In  Wash- 
ington on  a.  windy  day,  for  It  Is  possible  to  keep  one's  eyes  open 
without  having  them  filled  with  dust  In  New  Torlc  a  puff  of  wind 
means  a  cloud  of  dust-  On  this  point  the  superintendent  of  (he 
street  cleaning  department  of  Washington,  In  his  report  dated 
June  iO.   1902,  In  commenting  on  the  work  of  these  machines,  said: 

"The  dally  area  cleaned,  therefore,  was  not  only  enlarged  and  the 
expenses   reduced,   but    the    streets   were   kept   cleaner   than    ever 

Estimated   Cost  of   Machine  Sweeping. — In  the  Parsons -Herlng- 

Whlnery  report,  above  mentioned,  the  cost  of  sweeping  with  horse- 
lirawn  machines  <hnvlng  revolving  brooms)  Is  estimated  as  follows ; 


fS 


sweeping  machine    I    275.00 

-■    ---  horse  sprinkling  cart 104.00 


i  shovels  at  I0.7J 


K'. 


..  ..-■  'A  sprinkle- ISO.OO 

s  of  harness  at  ?25 (2.  BO 

Toul    outfit     Jl, 203.80 

Annual  plant  charaea: 

Interest  on  (1.203.80  at  i% t      48.1S 

Repairs  and  depreciation  on  tools,  at  20% 90.TC 

Depreciation  on  horses,  at   15% 112.60 

Total,  JIO  days  at  »0.81. I  26l.*l 

Operotlno  cxpcnira:  J*"  ^% 

Maintenance  of  iVj  horses  at  11.35 t  3.38 

Rent,   storage   of   sweeper O.JO 

Wages,   1  sweeper  driver   i.lV 

Wages,    W    sprinkler  driver    -■.■■;: Ai^ 

Wages,   6  gutter   sweepers,  at  12.19 'MJ 

Plant  charges - O.Bl 

IS.OOO  gals,  water  at  (90  per  million lit 

Total,  TO.OOO  sq.  yds,  at  31. T  ete.  per  1.000 

«.    yds.    S      tt-i* 
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It  I 

Into  carta  and  carting  away. 

Emtlmatcd  Co*t  or  Flushing  Btrccti.~ln  tlie  ParBons-HerlnB- 
WhlDOry  report,  above  mentioned,  the  cost  o(  flushing  Nev  York 
streets  witli  a  horse  and  with  a  machine  are  eatlmated  as  (oUuws: 

UsinB  a  Z^-ln.  Are  hose  with  a  lU-ln.  noule.  under  a  pressure 
ot  40  lbs.  per  Sq.  In..  235  gals,  per  min.  are  dlschargod,  and  4,000 
to  10.000  sq.  yds.  are  wasbad  per  hour.  AbsuhUdk  an  average  of 
6.000  sq.  yds.  per  hr..  and  that  the  water  Jet  Is  operating  80%  o(  th* 
tlnie,  there  would  bp  1.88  gala  used  per  sq.  yd. 
rks  cost  of  one  ourjtl  i»: 
100  fL  ot  2W-ln.  hose  at  li.lO 1110.00 

1  Ore  noEzle  12. SO 

6  brooms 3.90 

Annual  plant  cltargea: 

Interest  on  1126.40  at  4%   t     K.0< 

Repairs  and   depreciation    160% 189.60 

Total.   310   days  at  |D.«3 1131.00 

OoeraUng  expense:  Per  day. 

S   men   at   |2.iB    (   8.67 

90.000  mla  water  at  (90  per  million 8. 10 

Plant   charges    0.03 

Total.  48,000  sq.  yda  at  S1.9  cts.  per  M |l£.aO 

It  was  eatlmated  thai  as  rapid  and  as  thorough  work  could  prob> 
ably  bo  aeoured  with  a  1-ln.  special  noiile  ton  a  3-ln.  hose),  throw- 
ing a  fan-shaped  jet,  and  with  30  Iba  per  sq.  In.  pressure.  Under 
such  condltlona  the  cost  of  nuBhlng  w&b  estimated  thus; 

2  men  at  t2.19    %   4.3S 

ET.flOO>nila  o(  water  at  190  per  million 5.18 


•^B-    • 


.  Total,  40.000  sq.  yda  at  20.1  eta  per  M 110.04 

Street  flushing  with  special  waeona  wua  esttmaCea  as  IoIIowb. 
The  wagon  has  a  tank  with  two  airtight  compartments,  one  holding 
water  [000  gala)  and  the  other  holding  compreasad  air,  Ihe  two 
being  connected  alwve  the  water  line.  When  the  water  tank  la  flUed 
with  a  hose,  air  Is  compressed  In  the  air  compartment.  In  Hushing 
the  water  Is  forced  oiil  at  a  pressure  of  about  35  Iba  per  sq.  In. 
through  a  apeclal  noKzle. 

Coal  of  one  outfit: 

One  flushing  wagon   11,000.00 

$  hand  brooms  at  J0.65 3.90 

a   shovels  at   (0.75    2.25 

2  horsCB  at  ?300 OOO.OO 

2  sets  harness  at  t25  50.00 

Total    (1,658.15 

Annual  plant  rharaea: 

Interest  on   11,658.15  at  4% t      06.25 

Repairs  and  depreciation  on  tools  at  11% 147.80 

Depreciation  on  horses  at  15% 90.00 

Total.  810  days  at  80.98 (    304.11 
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Operatine   mcpeniw:  Per  day. 

1   driver    |  1.19 

U  day  helper 1.09 

Maintenance  2  horaea  at  fl.SS 2.T0 

4  men  collecting  dirt  In  gutters  at  (2.00 8.D0 

Rent,  Btomse  of  Plant 0.10 

Plant  chargea    0.98 

EG,D00  gala  vater  at  190  per  million 6.04 

Total  28.000  aq.  yda  at  Ti.l  eta.  per  U..  .f      £0.20 

OMf  of  Street  Sweeping,  Mlnnaapolla.* — The  asphalt  pavement  of 
tne  city  of  Minneapolis,  Minn.,  la  swept  by  hand,  using  the  Roas 
scraper  according  to  the  block  Bystem.  Bach  man  has  from  two  to 
nve  blocks  to  keep  clean.  The  sweeplnga  are  deposited  In  galvanlied 
Iron  cana  placed  at  street  corners,  from  which  they  are  removed  by 
teama.  The  asphalt  pavement  la  also  swept  by  machine  at  night. 
and  ftuabed  whenever  necessary. 

The  wages  paid  per  day  are  as  follows:  Teama,  |4  ;  men,  |1,G0 
to  11. 

According  to  the  annual  report  of  the  city  engineer,  the  coat  of 
hand  sweeping  for  ISOt,  11  men  being  employed,  waa  til, 049.  or  B.SB 
eta.  per  aq.  yd.  per  year. 

The  coat  of  cteanlog,  machine  sweeping  and  washing  waa  IS. ITS, 
or  E.D2  ctB.  per  eg.  yd.  per  year. 

A  total  of  11. SS  miles  of  ST-It.  roadway  cost  per  mile  per  year  for 
cleaning,  tT96 :    tor  sweeping,  t1,3TS.  or  a  total  of  (2.174. 

In  all   184, E28   »q.   yda   of  asphalt   pavement  were  cleaned  and 

The  cost  of  cleaning  and  aweeplng  the  other  paved  (not  asphalt) 
streets  was  (43.01*.  or  3.13  eta  per  aq.  yd.  Thla  cost  la  tor  a 
yardage  of  1,290.930  aq.  yds.,  and  doea  not  Include  macadam  and 
aaphall  pavement.  The  coat  of  cleaning  was  t.4T  cts.  per  sq.  yd., 
and  the  cost  of  sweeping  waa  l.SG  eta  per  sq.  yd. 

During  IS99  there  were  200,000  aq.  yda  of  asphalt  pavement 
cleaned  by  hand  by  the  block  system.  The  aweeplnga  were  put  Into 
cans,  from  which  they  were  collected  by  teama  The  gang  waa  81 
men  at  I1.1S  and  G  teama  at  I3.G0.     The  cost  waa: 

Per  year. 

Cte, 

Machine  aweeplng  and  waahlng 1.45 

Hand  sweeping   S.T4 

Total   T.I9 

Coat  of  Street  Sweeping,  Wllllamapcirt,  Pa.t— Mr,  Jamea  F. 
FlBhcr,  City  Engineer  of  ■Wllllameport,  Pa..  In  his  report  for  1307, 
gives  the  coat  o(  sweeping  the  streets  by  maohlnea 

The  work  Is  done  by  cmployea  of  city  englneer'a  department,  the 
force  used  and  the  wages  paid  being  aa  follows; 

'BnetHeertna-Contracting,  Jan.   29.  1908. 
iBngtneering-CoiiiracHHg,  May  t,  1908. 
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One  team  on  eprlnklar    t  4'BO 

One  teem  on   sweeper 4.G0 

Two  one  horae  pick  up  wasons 5.G0 

Four  men   10  lira,  at  II.IG (.10 

Total   for  one  day (SI. 10 

Int.  anil  depreciation  of  outfit 1.00 

f22.10 
The  one  dollar  added  covers  Interest  at  S%   per  onnuio  and  de- 
predation of  the  plant  at  20%  per  year,  divided  by  ZOO  working 
dafi.  whtcb  la  the  lenxtti  of  the  neaaon  in  William  apart. 

Ibcb  day  this  force  sweeps  parte  of  aeven  atreeta  aggregating 
C^VOO  aq.  yds.  Thia  gives  a  coat  per  1.000  sq.  yds.  tor  cleaning  by 
machine  sweeping  of  SS.S  ct&  The  city  has  206.876  sq.  yds.  of  Im- 
proved pavements,  which  would  cost  tT3.6E  to  clean  dally,  or  llt.TSO 
foTft  season  ot  200  working  daya.  whLph  la  equivalent  lo  7.1  eta  per 
•q.  yd,  per  year.  This  enormously  high  coat  ahawa  the  usual  low 
effldency  of  men  working  by  the  day  for  a.  city. 

Cost  of  BwMpIng,  Rochsater,  N.  v.— Mr.  Edwin  A.  Flaher  gives 

the  following  coat  of  sweeping  for  Bocheater,  N.  T.,  In  1001 ; 

No.  times     Per  sq.  yd. 

swepL         (or  year. 

Bphalt  streets 09  3.71  eta. 


B^Tck 


Tt  wHI  be  noted  that,  at  this  rate,  edch  sweeping  cost : 

Per  1.000  ai 
aphalt  streets  3T  da 


^^k 


Medina  atone  block   hi  eta. 

These  high  costs  show  poor  efficiency  of  workmen. 

These  atreeta  were  Bi>rlnklBd  at  a  cost  of  2.21  eta.  per  sq.  yd.,  Or 
tIGO  i>er  mlla,  during  the  year. 

Cost  of  Street  Sweeping,  Albany,  N.  Y.*— The  street  cleaning  of 
Albany.  N.  Y.,  la  effected  by  three  methods:  Machine  sweeping 
of  Improved  atreeta  ;  hand  cleaning  of  cobblestone  streets  and  alleys 
and  hand  cleaning  in  the  business  district.  All  of  the  work  Is  done 
by  city  forces,  and  the  city  owns  the  sweeping  machines  and  street 
^rlnklers  and  hiring  necesaary  teams  and  drivers. 

In  the  principal  bualneaa  diatrlcta  the  aaphalt  pavements  (ITS.OOO 
aq.  yda)  are  kept  cleaned  and  waste  paper  picked  up.  The  follow- 
ing regular  gang  is  employed  lor  this  work,  the  wages  being  tl-T& 

2  men  cleaning  granite  cross-walks t  2.60 

i  men  cleaning   asphalt    S,ZE 

2  men  picking  up  waste  paper 3. SO 

Total  dally  expense fi2.ZG 

This  la  equivalent  to  an  annual  expense  of  t^.lOO.  or  nearly  ZA 
cts.  per  sq.  yd.,  not  Including  the  additional  cost  of  sweeping  streets 
with  machines. 

'BnOinterinB-Cimtractliitg,  Dec.  4,  1907. 
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The  cobbleatMie  pavemenM  o'  which  there  Is  a,  toul  M«ft  o( 
tii,i2%  sq.  yds.,  are  cleaned  by  hand  hoei  or  broom,  at  ttie  follcw- 
Lng  dally  expenM: 

I  (orenun,  at  ti.Si I  2.36 

10  men.  at  »I.7B 17.60 

1  horse  and  driver  for  aprlnliler.  at  (3.50 3.G0 

Total    %2iM 

The  itavements  are  cleaned  for  a  period  at  eight  monlha  at  a,  total 
cost  of  about  M>SOO,  or  2.1  cts.  per  xi.  rd.  per  year. 

The  principal  part  of  the  street  cleaning  work  la  eRecled  by 
machine  Bweeplng,  tho  areas  and  kinds  of  pavement  covered  being 
as  follows : 

Sq.  yda 

Granite  block   pavementH 560.S13 

Vltrifted  brick  pavement    <5S,T33 

Sheet  asphalt   173,091 

Asphalt  block    14,600 

Total   1,200,950 

This  area  Is  swept  twice  a  we^  during  eight  months  of  the  ya<ir, 
or  from  about  April  1  to  December  1.  The  force  engaged  in 
machine  sweeping  consists  of  four  gangs,  each  under  a  foreman,  and 
made  up  of  l  street  sprinkler,  2  machine  sweepers  and  12  men. 
Bach  gang  has  Its  regular  .district   to  cover  day  or  night  aa  the 

The  sweeping  II  done  In  the  usual  manner,  the  pavements  first 
being  llghlly  sprinkled  with  water  to  lay  the  dust  and  then  swept 
with  the  machines,  the  dirt  being  pushed  by  the  latter  from  the 
center  of  Ihe  street  to  each  of  the  gutters.  The  men  then  sweep  the 
dirt  Into  piles  along  the  gutters  at  Intervals  of  about  25  ft  Ma- 
chine cleaning  In  the  business  district  Is  done  only  at  night. 

The  dally  labor  cost  of  sweeping  and  collecting  (he  dtrt  In  piles  Is 
as  follows: 

S  teams  and  drivers  tor  8  sweeping  machines,  at  tS t  10.00 

4   teams  and  drivers  for  4  sprinklers  at   IB 20.00 

1   foremen,  at  S2.3S 9.10 

48  men,   at    J1.75    84.00 

Total  dally  labor  cost 1163.40 

The  above  force  Is  employed  about  eight  months,  the  total  yearly 
expense  for  labor  being  about  132,000.  The  cost  of  repairs  to  sweep- 
ing machines  and  eprlnklers,  cost  of  new  brooms  and  refitting  old  . 
brooms  and  other  Incidentals  amounts  to  about  !4,000  per  yea,r. 
mailing  a  total  cost  of  sweeping  the  dirt  Into  piles  amount  to  about 
136.000.  As  the  total  amoimt  of  pavement  swept  over  each  amounts 
In  about  8S. 000. 000  »q.  yds.,  the  cost  of  sweeping  the  dirt  Into  piles 
l>  Bl)OUt  42  cts.  per  1.000  sq.  yda  for  each  sweeping.  This  does  not 
Include  the  cost  of  shoveling  the  dirt  from  the  plies  Into  wagons 
and  conveying  It  (o  dumps  or  other  places  where  It  Is  used  for  fltllng. 
This  work  Is  done  by  contract,  the  price  (or  1907  being  111, BOO. 

There  are  8  public  dumps,  which  receive  street  dirt,  ashes,  etc.. 
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and  are  cared  for  by  9  mcD  at  bd  oKponae  of  (15.TE  per  d&y,  or  about 
t«,000  per  year. 

Bines  the  l.ZD6,9G0  eq.  yds.  Involve  8^,000,000  sq.  yds,  of  aweeplns 
yearly,  each  street  !h  swept  about  TO  times  durlDK  the  year. 

SumndnK  up  we  have  the  toUowlns  cost  o(  aweeplug  l.Z0S,9S0  aq. 
yds,,  not  Including  tbe  i2S,22S  an.  yds.  at  cobbleitoue  pavement: 

Per  year.  Cle. 

Laborers  cleanlns  buitnew  streets %  4.100  0.34 

Oangs  with  street  BWeeplnK  machlnss 32,000  2.BG 

Hapalra  to  sweeping  machines,   etc 4,000  0.33 

iMdlns  mai  hauilnK  dirt  to  dumps  (by  contract)    11,500  0.R& 

SpreadCiK  dirt  and  ashes  at  dumps 5,000  0.42 

Total    tSS.flOO  1.(9 

It  should  be  remembered  that  the  flrst  Item,  "laborers  cleaning 
business  streets,"  costs  S.4  cts.  per  sq.  yd.  ot  business  street  cleaned, 
which  becomes  0.J4  ct.  per  sq.  yd.  of  entire  area,  of  city  Btreeto. 

Since  the  8  machine  sweepers  sweep  85,000,000  tn.  yds.  In  the 
vorkInK  season  <S  moa),  each  machine  covers  10,600.000  sq.  yda  hi 
the  ZIO  working  days,  or  BO,00O  eq,  yds.  per  day,  at  a  cost  of  3S.4  cts. 
per  1,000  BQ.  yda  swept  once.  This  Is  for  labor  alone,  and.  as  will 
be  seen  from  the  tabulation  of  wages  above  given,  more  than  50%  of 
this  cost  Is  for  the  wages  of  the  laborers  who  sweep  the  dirt  Into 
piles  tn  the  gutters  ready  to  haul  away,  there  being  0  such  men 
to  each  machine  sweeper.  This  Is  an  exceedingly  high  cost,  but  It 
doea  not  Include  the  excessive  cost  of  repairs,  etc.,  which  Is  l&OU 
per  year  lor  each  machine  sweeper  (plus  halt  a  sprinkler),  etc., 
or  nearly  JZ.EO  per  working  day,  thus  adding  nearly  &  eta  per  1,000 
•q.  yds.  swept. 

Summing  up  we  have  the  following  total  cost  for  sweeping  1,000 
sq.  yds  each  time: 

Per  1.000  sq.  yds. 
eta 

Gang  with  street  sweeper   3G-4 

Repairs  to  sweeper,  etc 4,7 

Loading  and  hauling  dirt  (by  contract) 13.0 

Spreading  din  and  ashes B.O 

Total 60.7 

AH  Of  the  last  Item  Is  not  properly  chargeable  to  sweeping,  since 
It  Involves  spreading  ashes  also. 

In  excuse  (or  these  exceedingly  high  costs  it  has  been  said  that 
a  large  part  of  the  pavement  Is  granite  blocks  and  that  the  Albany 
streets  are  In  many  cases  very  steep,  or  hilly.  This  excuse  Is  In- 
adequate, for  not  half  the  streets  ore  granite,  and  tar  less  than  half 
are  steep.  The  true  eicuse  Is  the  general  Inefflclency  of  men  work- 
ing by  the  day  for  any  municipality. 

Cost  of  Street  Flushing  and  Sweeping.  St.  Louis,  Mo.*— The 
street  cleaning  of  St.  Louis  Is  done  by  the  day  labor  plan,  six  day 

*E»aineer\no-CfMtracHng,  Jan.   IS.   1908. 


474  HANDBOOK   OF  COST  DATA. 

gODKH  and  four  nl^t  gangs  being  emplored  In  the  work.     A  gans 

comprises  the  following ; 

t  flusbtng  machines  at  IC.OO tao.OO 

4  dirt  wagons  at  14.50 18,00 

e  laborers  at  f  1.50  9. 00 

1  Inspector  at  »B.OO J. 00 

Total    ItO.OO 

P'rom  20  to  3S  gals,  of  water  are  used  for  each  sQuare  (100  sq.  ft.) 
of  fluHhlng,  or  2  to  3  gals,  per  sq.  yd.  The  average  cost  to  the  city 
per  BTsat  square  (10,000  an,  ft.)  for  one  flushing  of  the  pavemeoti 
In  the  business  and  residence  dlstrlcls  Is  tl,10.  or  |1  per  1,000  >q. 
yds  This  estimate  1b  based  upon  Ihe  number  of  squares  flushed  pel 
month,  without  regard  to  the  paving  material.  Or  whsre  the  straotii 
cleaned  are  located.  It  la  possible  to  flush  an  ajq>halt  pavemenl 
In  the  residential  district  for  tO.TS  per  great  square,  or  t0.70  pel 
1.000  sq,  yds. ;  while  the  granite  block  pavements  in  the  bustneaa 
district,  where  the  delays  are  caused  by  (raffle,  may  cost  11.36  per 
great  square,  or  tl-22  per  1. 000  sq.  yda 

The  average  cost  for  machine  broom  sweeping  is  about  tO.GO  pel 
great  square,  or  t0.4E  per  1,000  aq.  yds.,  these  machines  being  used 
on  the  brick  pavements  except  where  the  streett  are  very  dirty. 

The  block  patrol  system  of  cleaning  is  also  employed.  In  this,  one 
man  is  given  about  five  clly  blocks  to  clean,  the  average  length  of 
block  being  300  ft.  With  wages  at  fl.EO  and  the  width  of  road- 
way assumed  at  3E  ft..  5^4  great  squares  are  cleaned  each  day  at  a 
cost  of  10.28  per  great  square,  or  (0.26  per  1,000  sq.  yda  The  sys- 
tem Of  street  sprinkling  aids  very  much  the  cleaning  of  streets  by 
the  block  system,  as  all  of  the  paved  streets  are  sprinkled  from  one 
to  (our  limes  per  day,  the  cost  thereof  tielng  chaj^ed  as  a  special 
tax  against  the  property  fronting  the  street  sprinkled,  the  average 
rate  for  the  year  amounting  to  about  t0.04  per  front  toot 
The  total  mileage  ol  hard  pavements  Is  as  follows: 

Miles. 

Asphalt   4B.4* 

Bituminous  macadam   24.46 

Vitrtfled  brick 98.1B 

Granite  blocks 63.48 

Wood   blocks   2.60 

Total    232.06 

In  addition.  134  miles  of  Improved  alleys  are  cleaned  from  the  ap- 
propriation for  street  cleaning. 

It  win  be  noted  that  all  these  costs  are  exceedingly  high. 
Life   of  Sweeping   Machines.— In  Berlin   the  life  of  hone-drawn 
■weeping  maohlnes   (rotary  brooms)   has  been  about  20  fears.      A 
rotary  broom  lasts  only  21  days  when  used  every  night;   a  machine 
requires  IT  brooms  yearly,  and  works  T  hra  dally. 


SECTION  V. 
STONE    MASONRY. 

I  Concrete,  for  deOnlUons  u 


mODU  are  built  on  t 
■tream  IUkIC 

Apron. — A  coverlnK  over  the  eartb  or  rock  below  tbe  qtlllirsy 
ot  a  dam. 

Arch  Culvert. — A  culvert  with  an  arched  rool. 

Arch  llaaotirtf- — That  portion  of  the  maaonry  In  the  arch  ring 
only,  or  between  the  intrados  and  the  extradoa 

Aahlar. — Flrst-clase  eaiuired  stone  maeonry  drewed  ao  that  Ita 
Joints  do  not  much  exceed  H-ln.  In  thlcknesa. 

Axed. — Dreased  so  as  to  cover  the  surface  of  a  atone  with  chUel 
mariis  which  are  nearly  or  quite  DaralleL 

SdCi:.— The  r«ar  face  of  a  walL 

Baekini;. — The  rough  backlni;  maaonry  Of  a  wall  faced  with  a. 
higher  clone  of  nmaonry.  The  earth  deposited  back  of  a  wall  or  arch 
Is  aometimes  miscalled  backing  Instead  of  backfllling;  or  lining. 

SarreL — The  under  surface  of  an  arch.     See  Soffit. 

Bat. — A  part  of  a  brick  or  stone. 

Balter.—The  backward  slope  of  the  (ace  of  a  wall,  A  1-ln.  batter 
means  that  the  face  of  the  wall  departs  from  a  plumb  line  at  the 
rate  of  l  In.  In  every  foot  of  rise. 

Beit. — Or  bed  Joints,  the  taorlzohtal  Joints  of  inasaory.  See 
olao  "Natural  bed." 

Belt  Cirarte. — A  projecting  cAursa  of  masonry  Immediately  under 
the  coping;  a  belt  course  la  often  called  a  corbel  course.  Its  object 
la  to  give  a  better  appearance  to  a  wall. 

Bench  Wall — The  wall  or  abutment  supporting  an  arch. 

Blhtd  Header. — A  header  that  extends  only  a  short  distance  back 
Into  a  wall  Instead  of  extending  to  the  full  depth  apeclfled;  blind 
beadera  are  also  called  "bob-talla" 

Block  Rubble. — luTge  blacks  of  building  stone  as  they  come  from 
the  quarry.     See  Bubble. 

Bond. — The  arrangement  of  stonee  so  as  to  overlap  or  "break 
Jofnta." 

Box  C*Uvert. — A  culvert  haTlng  a  waterway  of  rectangular  croes- 
Mctlon. 
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Breotl  Walt — A  wall  built  aBalnn  the  face  of  an  excavation  to 
prevent  Its  caving  down ;   bIho  called  a  race  waU, 
Bridge  Beat. — See  I'edestal. 
Broken  Range  Ma»onni.~lla.oonry   In  Which  the  bed  Jolnta  are 

parallel  but^ot  conttnuoua 

Build.— A.  vertical  joint 

Bulkhead.^A.  bead  wall  at  the  end  of  a  culvert  and  perpen- 
dicular to  the  axis  of  the  culvert.     See  Head  WalL 

Buah  Hammer.—  To  dreee  stone  With  a  tiammer  having  a  number 
of  pyramidal  cuttlnK   teeth  on  Its  etrlklnc  face. 

Butlreat. — A  vertical  piece  of  nusonry  proJecUng  from  the  face 
of  a  retaining  wall  to   strengthen  It. 

Centers. — The  temporary  structure  that  nipporte  an  arch  during 
Its  construction.      {Also  called  CenteiitiK.) 

Chitel  Dratt. — A  narrow  plane  surface  cut  with  a  pitching  chlael 
along  the  oulcr  eilges  of  the  face  of  an  ashlar  stone,  usually  cut  the 

CloMe*,— Different  kinds  of  masonry  speclfled,  usually.  Urst.  sec- 
ond and  third  class ;  the  first  class  being  the  most  expensive. 
What  Is  "nrBL  class"  according. to  one  engineer  may  be  "second 
class"  according  to  another. 

Cloicr. — A  narrow  stone  used  to  finish  a  course  of  masonry. 

Coping. — The  lop  course  of  stones  on  ft  wall,  usually  made  of 
large  flat  stones  which  are  laid  so  as  to  project  a  tew  Inches  over 
the  face  of  the  wall.  A  projecting  coping  relieves  the  wall  of  a 
"bobtalled"   appearance. 

Cottrae. — A  horizontal  layer  or  tier  of  stonea  "Coursed  masonry" 
Is  built  up  In  coursea 

Course  Bed.—Stone.  brick  or  other  building  material  In  position, 
upon  which  other  material  Is  to  be  laid. 

Cover-Stonea. — The  Oat  stones  forming  the  roof  of  a.  box  culvert. 

Cramp. — A  bar  of  metal  having  the  two  ends  bent  at  right  angles 
to  the  bar  (or  Insertion   Into  holes  drilled  In   adjoining  blocks  of 

Crandall. — A  stone  dressing  hammer,  conalatlng  of  a  steel  bar  with 
a  slot  In  one  end  holding  10  double-hendcJ  points  of  steel  ( Vl-bi. 
square  x  3  Ina  long),  producing  an  erreft  like  flnc  pointing. 

Crovin. — The  top  of  an  arch  at  Its  highest  point. 

Cull.— A  rejected  slone  or  brick. 

Culcerf. — A  waterway  under  a  road,  canal  or  railroad  emtnok- 

Cul-aione. — A  stone  that  Is  cnrefuUy  "dressed"   or   shaped   with 

Cul-H'oter.-The  upper  wedge-shaped  end  of  a  bridge  pier. 
Ctielopean  Masonry. — Masonry  made  of  huge  stones,  usually  bed- 
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STONE  MASONRY. 


Dhnvneiim  Slona. — Stone  dreaeed  to  exactly  speclflad  dimenBlana. 

IMrt  Wall.— See  "Hud  WalL" 

Doff  Hole*. — Shallow  holei  drilled  In  a  (tona  to  afford  a  bite  for 
the  "doK^"    or  hooka,  used  In  lifting  the  stone  with  a  derrick. 

DoweL — A  Bhort  ateel  cln  Inserted  mrt  way  Into  the  adjolnlog 
faces  o(  two  blocks  o(  stona 

J>ra/1  Line. — See  "Chisel  DralL" 

Drattad  BtoKta. — Stones  on  which  the  face  is  surrounded  by  a 
draft,  the  space  inside  the  draft  being  left  rough. 

Drf9. — To  cut  or  shape  a  stone  with  toola 

£>n>iie.~pl>ressed  on  the  face  so  as  to  have  a  series  of  small  paral- 
lel Ttdgea  and  valleys. 

Dry   Wall. — A  stone  wall  built  without  mortar. 

BtUmaceiuie. — A  white  crust  that  often  forms  on  the  face  of  ma- 
sonry, due  to  the  leaching  of  soluble  salts  out  of  the  mortar;  often 
called  "whitewash." 

BxpoHMion  Joint. — A  vertical  Joint  or  scace  to  allow  for  tempera- 
ture changes. 

BxtTodom. — The  curve  that  tMunds  the  outer  extremities  of  the 
joints  between  the  arch  stones,  or  voussolrs. 

Face. — The  front  surface  of  a  wall. 

Face  Stones. — The  atones  forming  the  front  of  a  wall. 

Face  WalL — See  "Breast  Wall." 

Fl»e  Pohtted. — Dreaeed  by  flne  Dolnt  to  smoother  llnlsh  than  by 
rvugh  polnL 

Flueh, — (Adj.)  Having  the  surface  even  or  level  with  an  adjacent 
sur'^ce.  (Verb.)  (1)  To  All.  (2)  To  bring  to  a  leveL  (3)  To 
force  irater  to  the  surface  of  mortar  or  concrete  by  compacting  or 
ramming. 

Footing  Courses.— The  bottom  or  foundation  courses,  which  usu- 
ally uroject  beyond  the  "neat  work"  of  an  abutment. 

foundation. — CI)  That  oortlon  of  a.  structure,  usually  below  the 
surface  of  the  ground,  which  distributes  Ilie  pressure  upon  Ita  sup- 
port.    (2)  Also  applied  to  the  natural  support  itself ;    rock,  clay,  etc. 

FovTtdaHon  Beti.- — Tlio  surface  on  which  a.  structure  rests. 

Frott  Batter. — A  butter  oecaBlonally  given  to  the  rear  of  a  wall 
near  Its  top  to  prevent  Ihe  dislocation  of  the  top  course  of  stones 
upon  the  formation  of  frost  In  the  ground. 

Fitli-Centered. — An  arch  thut  Is  a  full  •emi-circle.  or  half  circle. 

OnriiL — The   curved   interaecclon   of   two   arches   meeting   at   an 

Orout. — A  thin  Watery  mortar  which  is  poured  Into  the  Joints 
after  the  atones  have  been  Jald. 

Baunch. — The  part  of  an  arch  between  the  crown  and  the  skew- 
bock. 

Ueaiter. — A  stone  laid  with  Its-  longest  dimension  perpendicular  to 
the  face  of  the  wall. 
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Bead  WalL — An  end  wall,  or  bulkhead,  of  a  culvert. 
Hollow  Quoin — Tho  vertical  seml-clrcular  sroova  In  tha  maaonry 
Into  which  nu  the  "quoin   post,"   or   bluKo  post,  of  a  canal  lock 

Irttradoa. — The  Inner  circle  of  on  arch. 

Joint. — Tba  space  between  adjacent  atonea ;  aometlmei  the  word 
Joint  Is  used  to  denote  the  vertical  Joints  only.  In  distinction  from 
the  "beds"  or  bed  Joints.    Joints  are  usually  tilled  with  mortar. 

Keystone — The  center  stone  at  the  crown  ot  an  arch. 

Laggino. — The  aheetlnx  Dlonk  placed  upon  the  ribs  of  arch  centers. 

hength. — The  longest  dimension  of  a  stone. 

Ltveler. — A  small  rectungu'a''  stone,  not  less  than  4  to  <  Ins.  thick, 
used  In  broken  range  work  to  complete  the  bed  for  a  stone  In  the 
course  above  and  Klve  It  proper  bond.     Bometlmes  called  Jumper  or 

Ltvit  Hole. — A  wedBe-Bhaped  hole  In  a  block  ot  stone,  made  for 
the  purpeae  of  lifting  the  block  by  the  aid  of  a  lewis. 

Lining. — The  graveL  or  broken  stone  flIIInK  back  of  a  slope  wall 
or  retaining  wall,  for  the  puipose  of  drainage  and  to  protect  the 
earth  from  wash. 

i,ocl:.~Any  iDoclal  device  or  method  oC  construction  used  to 
secure  a  bond  In  the  wnrk. 

iforJur.— A  mixture  of  sand  with  cement  (or  lime)  and  water. 
A  1 ;  2  (one  to  two)  mortar  contains  1  part  cement  and  Z  paria  nand- 

Mttd^WalL — A  amal]  parapet  or  retaining  wall  built  on  top  of  a 
bridge  abutment  lo  prevent  the  earth  backfill  from  sliding  or  wash- 
ing down  upon  the  coping. 

Natural  Bed. — A  laminated  or  stratlHed  stone  is  laid  In  its  "nat- 
ural bed,"  or  "quarry  bed,"  when  Its  laminations  are  horlsontal  or 
are  perpendicular  to  Che  load  that  tbey  carry.  Granite  has  no 
"natural  bed." 

Seat  Mortar.— Mortar  made  without  sand. 

Heat  Work. — That  part  of  an  abulment  above  the  tooting  courses. 
Which  la  generally  equivalent  to  saying,  that  part  above  the  sur- 
face of  the  ground  or  water. 

A'lpped.^Hewcd  with  a  pick. 

JVIimerheods.— Roundeil  cobble  atonea 

Paratiet. — The  "mud-wall"  of  a  bridge  abutment :  the  "bulkhead" 
ot  a  culvert ;  the  spandrel  wall  at  each  end  of  an  arch  bridge  or 
culvert,  but  more  properly  the  extension  of  the  Spandrel  wall  above 
the  crown  of  the  arch  ;  a  low  guard  wall  rising  above  the  surface 
of  a.  roadway  or  walk  to  prevent  pcdeatrlana  or  vehlclea  from  leav- 
ing the  roadway  or  walk. 

Patent  ifammer.— A  double-faced  hammer  so  formed  OB  to  hold 
at  each  f&ce  a  set  of  wide  thin  chisels  lor  giving  a  finish  to  a  Stone 
surface. 

Paving. — Regularly  placed  stone  or  brick  forming  a  floor. 

Pedeatol*. — Or  pedestal  blocks,  are  atone  blocks  on  top  of  «n 
abutment  coping;  the  pedestal  blocka  receive  the  welflit  of  tha 
bridge,  and  are  often  called  "bridge  aeat^' :  the  term  pedestal  Is 
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aUo  applied  to  a  email  moKmry  pier  upon  which  tha  poat  or  bIU  of 

Pvroh.— 1«H  cu.  ft.  iQ  most  parts  of  the  United  State*  i  in  soma 
placw  2S   cu.   ft. ;  and   rarelj  S4%,   whlcli  was   the  old-taahlcned 

PliT. — A  maKHiry  structure  built  to  support  a  bridge,  between 
the  abutments;  a  column  supporting  two  sequent  archea.  See 
'*AbutmenL" 

PiUuter. — A  aouare  olllar  nroJectlnK  from  the  face  of  a  wall  to 
the  extent  of  one-Quarter  to  ooe-Ihlrd  Its  breadth. 

Pli»i«r. — A  spall  or  amall  stone  used  to  wedge  ud  a.  atone  and 
sire  It  better  bearing. 

PUch-Lint. — A  well  deflned,  atralght  line  cut  along  the  edge  of  a 
<iuarry-faced  stone,  but  not  aa  wide  as  a  chlael  draft. 

Pitc\e<t-Face. — A  face  rouchly  dressed  with  a  pitching  chisel. 

Flug  and  Feathered. — Split  with  plug  and  feathers ;  the  plug  being 
a  small  wedge  of  steel  driven  between  two  pieces  of  half-round  steel, 
called  feathers,  which  bear  egalnHt  the  a  Idea  of  the  drill  hole. 

Fotnttim. — A  Buoerlor  class  of  mortar  used  to  fill  the  Joints  In  the 
face  of  a  masonry  wall  for  a.  depth  of  1  to  3  Ina 

Quarry  Faced. — A  rough  face  of  atone,  only  the  larger  projections 
bavlng  been  knocked  oft  with  a  hammer. 

Quotn.— See  'Hollow  Quoin." 

Bai*i»g  Stone. — See  "FedestaL" 

Samp  Wall. — The  wing  of  an  abutment,  often  called  a  ramp. 

Random. — Not  courted. 

Range  Utuonr^. — Maaonry  In  which  the  varloua  couraea  are  laid 
up  with  continuous  horlHWital  beds. 

RangeiL—lAii  In  a  courae  of  the  same  thickness  tor  Ita  full 
length:  broken  ranaed  maaonry  la  laid  In  courses  not  of  uniform 
thickness  throughout  each  course. 

Rttatnino  Walk — A  wall  that  receives  the  horizontal  thrust  of 
earth  back  of  It;  on  canal  work  such  walla  are  called  "vertical 
walla"  to  distinguish  them  from  slope  walls. 

Rtno-Btonea. — The  vouasolrs  that  form  the  end  faces  of  an  arch, 
aa  disllngutshed  (rem  the  "sheeting  stones"  that  form  the  body  of 
the  arch. 

Alp-rap. — IdTge  stones  thrown  In  at  random  to  protect  earth  from 
scour  by  currants  or  waves;  occaalonally  called  "random  itonea." 
The  term  "hand  placed  rip-rap"  la  aomeclmea  uaed  to  denote  rough 
alope  wall,  but  slope  wall  Is  a  preferable  term. 

Ri»e. — The  thickness  (or  vertical  height)  of  a  stone,  measured 
from  Its  lower  bed  to  Its  upper  bad.  Do  not  confuse  the  "rise"  with 
the  "denth."  The  rise  of  an  arch  la  the  vertical  distance  from  the 
Qiring  line  to  the  under  face  of  the  keystone. 

Roek-faeed. — See  "Quarry-faced." 

Baek-ilU  Dam,-~A.  dam  made  of  dry  masonry;  a  rubble  dam  In 
which  no  mortar  la  used. 

B%tibte. — Haaoniy   made   of   atones    that    have   not   been    dreaaed. 
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or  If  dresaed  at  all,  liave  been  only  rouglily  shapad  wUli  a  luimmer, 
or  "Bcabbled." 

Bcabbleil. — Hammer  dresaed. 

Sheeline. — The  Htunea  forming  on  arch.     See  "Stng-S tones." 

Skew  J,rcl».— An  arch  the  Diane  of  whoMt  ilng-wona  tacea  torme 
an  Hnsle  of  less  than  SO'  with  the  axle  of  the  barrel.  If  the  nheet- 
Ing  slunes  are  all  cut  skewed,  the  arch  ia  a  "true  skew"  ;  but  If  only 
the  faces  of  the  rlnK-stones  are  cut  on  a  skew,  while  all  the  other 
•heetlng  stones  are  cut  with  end  Joints  perpendicular  to  the  bed 
Joints,  the  arch  la  calleJ  a  "false  skew." 

SkevbackM.—Tiia  cuurse  of  stones  against  which  the  sprlnxer 
stones  of  an  arch  abut. 

Blope  Wall. — A  puvenient  of  scabbled  stones  laid,  upon  an  earlh 
slope  to  protect  It  from  wasli.  U  the  stones  are  not  scabbled,  the 
terms  rip-rap,  or  hand-laid  rip-rap.  are  more  appropriate. 

Boglt.- — The  under  surface  of  an  arcli. 

Bpon.— The  shortest  distance  between  the  spring  lines  of  an  arch. 

SiHindrel. — The  triangular  area  bounded  by  the  extraijos  of  an 
orcb,  a  horlmntat  line  tangent  to  the  extrados  at  the  crown  and 
a  vertical  line  through  the  springing,  A  spandrel  wall  Is  a  wall 
built  on  the  extrados  and  filling  the  spandrel  area ;  It  Is  often  mis- 
called a  parapet  wall.  Spandrel  filling  Is  the  earth  filling  between 
the  spandrel  walls. 

Bpaii.— A  fragment  of  stone,  or  stone  chip. 

SprtHpers. — The  lunesC  course  of  arch  stones,  the  course  resting 
on  the  skew  backs 

iSpnn^np. — Or  spring  line,  the  Inner  edge  of  the  akewtiacks^  or 
the  lower  edge  of  the  springers. 

Sanored-Blone  Maeonry. — Masonry  In  which  the  stones  ar*  rough' 
ly  squared  and  roughly  dressed  on  beds  and  sides. 

BtorMaffs.^The  two  ends  of  a  pier. 

Blrttcher. — A  stone  laid  so  that  its  longest  face  forma  part  of  Ihe 
face  of  a  valL 

VoHssoJr. — An  arch  stone. 

Wing. — A  spur  wall  at  the  end  of  a  bridge  abutment :  also  called 

Note. — Other  definitions  will  be  found  at  Ihe  beginning  of  the  sec- 
tion on  Concrete. 

Percentage  of  Mortar  In  Stone  Masonry.— Published  tables  giving 
the  percentages  of  mortar  In  different  kinds  of  masont?  Iiave  been 
very  misleading  not  only  liecause  they  have  been  based  upon  meager 
data,  but  because  the  factors  that  cause  variations  In  mortar 
percentages  have  not  been  discussed. 

There  are  two  wa;*  d(  estimating  the  amount  of  cement  reoulred 
per  cubic  yard  of  maaonry:  (I)  By  estimating  the  percentage  of 
mortar  in  tl>e  cubic  yard  o(  masonry,  and  then  using  a  mortar  table 
like  that  on  page  til.  (2)  By  tabulating  the  dlOerent  kinds  ot 
masonry  and  aiving  the  tractions  of  a  barrel  ot  cement  required  tor 
a  cubic  yard  ot  each  kind  ot  masonry,  when  the  mortar  is  a  1 : 1 
mixture,  also  when  tt  Is  a  1 :  S  mixture— tbe»e  two  being  the  com- 
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ch  mathod  dommbm  IU  MtvonucM,  but  the  flrM 
la  Uw  salest  because  proper  allowance  can  be  made  lor  variations 
m  the  die  of  cement  barre]. 

A  Kreet  many  Doaaonry  walla  conaln  of  a  "facbiK"  of  aahlar,  or 
Htuared  atone  cut  to  lay  cloae  joints  -and  a  "backioB"  o(  more  or 
len  irregular  rubble  BtoDeH.  Ubvloualy,  If  the  wall  la  a  thin  one,  the 
petrentaKe  of  backing  la  much  amailer  than  If  the  wall  la  tlilck. 
So  that  It  would  be  desirable  always  to  keep  separate  records  of  the 
stnount  of  mortar  used  for  the  backing  and  for  tbe  ashlaj-.  In  prac- 
tice, however.  It  Is  usually  Impracticable  to  keep  separate  records. 
The  flnal  record  usually  gives  only  the  amount  of  cement  per  cubic 
yard  of  the  whole  wall.  However,  In  making  close  eatlmates  of 
probable  cost  It  Is  well  to  keep  the  two  classes  of  masonry  distinct. 

Knowing  the  average  size  of  cut  atone  blocks  and  the  thickness  o( 
Joints  speclfled.  we  can  estimate  the  per  cent  of  morlar  tor  the  face 
■tone  with  considerable  accuracy.  Suppose  the  cut  stone  la  to  be  in 
courses  IS  Ins.  hlth,  and  dressed  to  lay  K-ln.  Joints  for  12  Ins.  back 
of  the  face.  We  can  assume  that  the  length  of  each  face  stone  will 
not  be  (ar  from  IK  times  Its  thickness,  or  IS  Ins.  In  this  case. 
Hence  each  cut  stone  will  contain  Ixlxli^.  or  IK  cu.  ft.  Elach 
stone  must  have  one  end  and  one  bed  mortared  to  a  thickness  ot 
Vi  la.,  hence  we  have:  1X1KX(K-^12).  or  0.04  cu.  ft.  of  mor- 
tar for  the  end;  ajid  IXlKX(K-f-lZ),  or  0.06  cu.  fL  of  mor- 
tar for  the  bed ;  making  a,  total  of  0.1  cu.  fL  of  mortar  (or  the  end 
and  bed  of  each  stone.  But  as  each  stone  contains  l.G  cu.  ft.,  we 
see  that  0.1  -i-  l.G  fiives  us  7%  (nearly)  of  mortar  for  the  cut  stone. 

Obviously  the  larger  tbe  Individual  stones  the  less  Is  the  per- 
centage of  mortar.  Stonee  18  Ins.  high.  30  Ins.  long,  and  dressed 
to  lay   K-ln-  Joints  for  IS  Ins.  back  of  the  face,  require  4K%  of 

The  mortar  required  for  the  back  of  the  'stone  Is  apparently 
emitted  In  applying  the  above  method,  but  It  Is  not  omitted  in  the 
flnal  account,  since  It  Is  Included  In  the  rubble  backing  to  a  con- 
■Iderallon  ol  which  we  now  pass. 

Rubble  Is  a  term  having  wide  variations  In  meaning,  but  in  gen- 
eral It  may  be  said  to  apply  to  masonry  built  of  undressed  stones 
Just  as  they  come  from  the  quarry.  Now,  If  the  quarry  Is  lime- 
stone or  ^ndstone  yielding  flat-bedded  stones,  the  rubble  may  be 
laid  with  bed  Joints  as  close  as  the  Joints  of  well-dressed  granite 
ashlar.  On  the  other  hand,  if  the  quarry  Is  granite  or  rock  that 
when  blasted  yields  chunks  ot  Irregular  shape,  the  rubble  becomes  a 
•Mt  of  giant  concrete  and  requires  a  large  percentage  of  mortar  to 
nil  Its  voids. 

In  any  kind  ot  rubble  the  percentage  of  mortar  can  be  consider- 
ably reduced  by  packing  spalls  Into  the  vertical  Joints  between 
adjacent  stonea  As  Portland  cement  mortar  seldom  costs  less  than 
K  per  cu.  yd.,  and  as  spalls  usually  cost  but  a  few  cents  per  cu.  yd., 
no  pains  ahould  be  snared  to  use  as  many  spalls  as  the  Joints  will 

bold. 

If  no  spalls  are  used,  and  If  the  rubble  Is  made  of  Irregular  stones. 
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about  SG%  of  the  rubble  masonry  la  mortar.  If  tbe  rubble  la  made 
ot  flat-b«dded  aandetone  or  llmeatone.  It  may  contain  oa  low  aa  1G% 
mortar,  but  more  often  will  average  20  to  2S%. 

The  following  are  recorda  of  the  actual  amounta  of  mortar  u*ed 
In  different  masoDry  structures: 

(1>  The  Medina  nndstDne  retaining  walla  on  the  Srie  Canal 
averoKed  about  10  ft.  hlKh  and  were  faced  with  itammer^resaei) 
atonea  and  backed  with  flat-bedded  rubble.  About  22%  of  tho  wall 
was  mortar.  The  mortar  was  1 ;  2,  and  It  required  al»ut  0.63  bbL 
cemNit  per  cu.  yd.  of  wall.  A  barrel  was  counted  as  hoidlns  3.S 
cu.  ft 

(t)  Ur.  A.  J.  Wiley  atatea  that  la  the  Crow  Creek  Dam,  near 
CheyMme,  Wyo.,  there  are  14.420  cu.  yda.  of  rubble  maaonry,  of 
which  34%%  waa  mortar  About  80%  of  thla  mortar  waa  1  Port- 
land cement  to-  4  sand :  tha  rest  waa  1  to  3.  Each  barrel  waa 
counted    aa    4    cu.    fL.    and    S.S44    bbls.    were    used,    or    0,t2    bbl. 

per  cu.  yd. 

(3)  The  Cbeesman  Dam  la  of  rubbles  with  one  ashlar  face,  and 
ta  said  to  contain  28%  mortar. 

<4>  The  Cheat  River  BrIdse.  on  the  B.  A  O.  R.  R..  D«ar 
Unlontown,  Pa.,  has  live  olers  and  two  abutmenta  The  masonry  la 
a  nrat-cloas  aandatone  facing  with  a  rubble  backing  of  heavy  atones, 
and  the  mortar  waa  1  of  Louisville  (natural)  cement  to  2  of  aund. 
There  were  3.TI0  cu.  yds.  of  masonry,  which  required  1,600  bblS. 
ol  cement  (ahlDped  In  bass),  or  0.4  bbL  Dor  cil  yd. 

(E>  Tbe  maaonry  locks  on  the  Great  Kanawha  Hlver,  West 
VlrBtnlOi  were  built  of  aandstone  obtained  at  Lotted  W.  Va.  F'acr 
stones  were  cut  to  lav  W-ln.  bed-Jolnta  and  1-In.  vertical  joints 
Backing  bed-Joints  were  1  In.  The  mortar  waa  1  part  Rosendala 
cement  (Hoffman  brand),  to  2  parts  sand.    It  required  0.36  bbl.  per 


(S)  A  curved  masonry  dam.  82  ft.  hlfch,  built  at  Remactaald, 
Oermany,  la  made  o(  slate  havInK  a  ai>eclflc  gravity  of  2.7.  Tbe 
masonry,  laid  In  trass  mortar,  weighs  4,016  Iba.  per  cu.  yd.  Owing 
to   the  irregular  torm  of  tbe  stones  the  mortar  was  38%   of  the 


(7)     Tbe  Holyoke  Dam.  30  fL  high,  la  of  rubble  n 
a  cut  granite  face.     Tbe  mortar  was  1  Portland  cement  to  2  sand, 
and  It  la  atated  that  0.S7  bbL  of  cement  waa  required  per  cubic  yard 


{8)  Maaonry  In  bridge  plera,  at  Van  Buren,  Arkansas  River,  was 
tor  the  moat  part  of  white  limestone.  In  10  piers  there  were  4,600 
cu.  r<ls.  of  maaonry,  which  averaged  0.6T  bbl.  natural  cement  per 
cu.  yd.  The  beds  and  joints  were  1 :  S  mortar,  and  a  1 :  1  grout  was 
also  used. 

(9)  The  limestone  masonry  for  tha  Sault  8te.  Uarte  tocka  (U. 
8.  Government)  amounted  to  BO.ST*  cu.  yds.,  of  which  23%  waa  cut 
stone,  tO%  backing  and  17%  mortar.  The  cut  stone  blocka  averaga 
1.3  cu.  yda  each,  and  were  dresaed  to  lay  H-ln.  vertical  Joints  for 
IS  Ina  hack  of  the  face,  and  the  bed  Joints  were  dressed  to  %  In. 
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tlw  full  depUi  of  tbe  stone.  Id  cutting  the  stone  there  was  a 
waatase  of  £>ii%  of  atone.  The  mortar  wiu>  1:1.  and  It  required 
t.Z»  bbL  ot  Portland  cement  per  cu.  yd.  of  cut  stone,  1.21  bbls.  of 
natujal  cement  per  cu.  yd.  of  backing,  and  O.TS  bbL  per  cu. 
yd.  ot  tbe  wall.  Including  cut  Mone  and  backing.  The  bacUng  atones 
each  averOKed  B  sq.  ft.  t>ed  area,  and  no  bed- Joint  waa  greater  than 
1  In.  1  and  no  vertical  Joint  exceeded  4  Ins.,  the  average  beln^  i 
Ins.  Thla  Is  remarkably  cloae  Jointing  tor  backing,  and  was  un- 
qaestlmiably  very  expensive  Co  secure. 

(10)  The  Lanchensee  Dam,  Germany,  waa  made  of  graywack« 
rabble  Cstonea  U  to  ^  cu.  yd.  each)  ;  35%  ot  the  dam  was  mortar. 
A  force  of  4S  masons.  12  helnerH,  27  laborers  and  t  foremen 
worked  on  the  dam,  and  110  man  at  the  quarry.  They  averaged  120 
CO.  yds.  of  masonry  per  day,  the  beat  day's  work  being  19S  cu,  yds. 
ESsht  locomotive  cranes  running  on  tresllea  took  the  alone  from  the 
aia.    The  work  waa  done  by  day  labor  for  the  Qerman  Government. 

(11)  The  Sweetwater  Dam.  California,  max  built  of  a  granitic 
mbbie  that  was  ouarrled  In  Irresular  chunka,  Mortar  was  1 :  3, 
propartloned  by  barrels,  and  It  required  0.86  bbl.  cement  per  cu.  yd. 
of  rubble  masonry. 

Cost  of  L,aylnD  Masonry.— According  to  my  experience  on  numer- 
ous small  culvert  bulkheads  made  of  limestone  or  sandstone  rubble, 
one  mason  with  a  helper  to  mix  morlar  and  "get  atone"  will  lay 
4  to  S  cu.  yda  per  B-hr.  day.  If  mason's  wages  are  }3  and  helper's 
tl.SO  this  makes  the  cost  average  tl  per  cu.  yd.  for  laying.  No 
derrick  la  used  In  such  work  tho  stone  being  one-man  or  two-man 
stone;  KosBOvar.  the  atone  requires  little  or  no  hammer-dressing 
on  tbe  part  of  the  mason. 

la  laying  dry  slope-walls  Hi  or  IG  tna  thick)  where  stone 
of  the  same  kind  as  the  above  is  used,  requiring  very  little  hammer- 
ilrrailin  a  slope-wall  maaon  will  lay  E  to  T  cu.  yds.  per  lO-br.  day, 
Ukd  I  have  had  a  man  lay  as.  high  as  12  cu.  yds.  per  day.  One 
islmrer  te  about  I  or  S  Blope-wali  maaona  is  required,  to  furnish 
them  with  stone.  A  common  laborer  will  lay  about  half  as  many 
yarda  of  dope-wall  stone  as  a  skilled  mason,  so  there  Is  little  or 
no  economy  In  using  unakilled  labor  In  laying  the  stone  that  must 
be  laid  to  a  line  and  occaalonally  dreaaed  with  a  hummer. 

On  a  highway  arch  bridge  of  30-ft.  qian,  with  a  barrti  20  ft. 
loDft  there  wore  EO  cu.  yda  of  cut  stone  sheeting,  30  cu.  yda  of  cut 
stone  being  In  the  abutments  and  walla,  and  190  cu.  yda.  of  lime- 
stoQS  rubble  In  the  abutments  and  walla  The  masonry  was  laid 
by  a  mason  and  S  laborers,  two  of  the  laborera  operating  a  hand 
pawn'  derrick  and  getting  stone  for  the  mason,  while  (he  third  labor- 
er made  mortar  and  alao  asaiated  In  getting  stone.  This  gong  worked 
wltluHit  a  foreman  and  were  very  alow,  since  they  averaged  only 
1  CD.  yds.  per  S-hr.  day.  With  mason's  wages  at  |3  and  laborers' 
at  11.64,  the  cost  ot  laying  the  masonry  was  }2,50  per  cu.  yd.  This 
tocluded  tbe  erecting  of  two  small  derricks  on  opposite  aidea  of  the 
tream,  but  did  not  Include  erecting  the  centera  for  the  arch.  On 
bags  20t,  the  coat  of  laying  the  masonry  of  an  arch  bridge,  aimllar 
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to  this  one  In  Ktven  In  detail;  .It  being  tl.SG  per  cu.  yd..  Which 
BhowH  how  eiLEy  It  Is  to  reduce  the  coat  ol  laylns  vhere  the  men  axe 
better  orKanlied.  The  common  mletake  made  In  orKanlilng  Corcea 
(sr  laying  stone  with  hand  operated  derricks  Is  In  having  too  many 
laborers  to  one  mason,  who  la  unable  to  keep  them  busy. 

1(  the  mason  must  hammer-dreaa  the  stone  to  a  Ereut  extent,  as 
Is  often  required  by  Inspectors  on  Kranlte  rubble  archea.  the  cost 
of  laying  (Including  this  hammer  dressing)  may  amount  to  13. 60 
per  cu,  yd.  It  Is  difficult  to  be  dellnlte  In  the  matter  of  costs  ot 
hammer-dreased  granite  rubble,  because  Inqjectore  vaiy  ao  ex- 
tremely In  their  Interpretation  ot  speclflcatlona  If  no  hammer- 
dressing  la  required  (and  none  should  be  required  for  backing  laid 
In  cement  murtnr),  the  coat  of  laying  granite  rubble  need  not  exceed 
the  cost  of  laying  limestone  or  sandstone  rubble,  aay  (1  jier  cu.  yd., 
wages  being  aa  above  given. 

In  tearing  down  and  rt-laylng  an  old  maaonry  retaining  wall  (9 
ft  high),  the  author  employed  16  laborers  and  2  masons  under  a 
foreman.  A  stlff-Iee  derrick  having  30-fL  boom,  and  operated  by 
hand,  woa  used  to  handle  the  heaviest  stones.  Much  of  the  back- 
ing was  laid  by  hand  by  the  latrarers.  This  gang  averaged  3£  cu- 
yda  of  masonry  laid  per  lO-hr.  day,  at  a  cost  ol  }30.  enctuMve  ot 
foreman's  wages,  or  less  (ban  85  cts.  per  cu,  yd.  It  cost  TB  cts.  per 
cu.  yd.  to  tear  down  the  wall  before  relaying  It. 

For  laying  any  considerable  quantity  of  masonry,  never  use  a. 
hand-operated  derrick.  A  horse-whim  forms  cheaper  power  than  twa 
men  on  a  winch.  But  In  either  case  the  lost  time  of  swinging,  or 
slewing,  the  boom  cannot  be  avoided.  The  men  (uaually  two)  who 
swing  the  boom  are  called  "tag  men,"  because  they  pull  the  t>oom 
back  and  forth  with  "tag  ropes."  The  wages  of  these  men  form 
a  surprisingly  large  part  of  the  cost  of  laying  stone  where  a  derrick 
Is  used  which  is  not  provided  with  a  "bull-wheel"  for  swinging  the 
boom.  The  engineman  controls  the  swinging  of  the  boom  where  a 
bull-Wheel  Is  used,  and  can  make  a  swing  ot  90°  In  IS  to  10 
seconda 

To  show  how  rapidly  stone  may  be  handled  with  a  60-rt.  boom 
derrick,  the  following  record  will  serve: 

Hooking  on  to  skip Si 

Swinging  boom  90' '.  30 

Dumping  aklp  IS 

Swinging  back  30° 20 

Total   90 

This  la  equivalent  to  400  skip  loads  In  10  hra  :  and,  wer«  the 
material  supplied  and  removed  fast  enough,  the  derrick  could  readllr 
maintain  this  output  tor  10  hrs.,  handling  I  cu,  yd.  of  nibble  In 
each  ^Ip  load.  Obviously  In  masonry  work,  where  a  bull-.wh«el 
derrick  Is  used,  the  limiting  factor  Is  the  amount  of  stone  the  maaona 
can  handle  per  day.  Much  ot  the  derrick  time  Is  spent  In  the  put- 
terlnK  work  necesMiry  In  carefully  placing  large  stones  In  the  wall. 
Now.   where  tag-rope  men   are  used  Instead   of  a  bull-Wheel,  prac- 
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tinny  all  tbelr  tlnM  la  wasted,  aa  tbey  q»end  aa  little  of  tlie  day 
dolDB  active  irork. 

Further  data  on  the  cost  of  laylnK  masonry  will  be  found  on  aub- 
•Bquenl  pages. 

EMImating  tha  Cost  of  Stono  Oresslns-— Stone  may  be  divided 
Into  two  classes:  (1)  Stone  stratified  In  beds  of  a  thickness  not 
much  exceeding  30  Ins. ;  and  (2)  stone  that  la  either  unstratiQed.  or 
occurs  In  beds  of  such  thickness  that  the  blocks  roust  be  split  with 
plUES  BJid  feathers  to  secure  slMs  which  can  be  handled  with  a 
derrick. 

Many  fomdatonea  and  limestones  occur  In  thin  strata  or  layers, 
and.  after  the  use  of  Bi  utile  black  powder  to  "shake  up"  the  ledge, 
it  li  posBlhle  to  quarry  blocks  with  wedges  and  bars.  These  blocks 
will  often  be  aa  smooth  as  a  Hoor  on  the  bed-Joints,  but  may  be  quite 
Irregular  on  toe  vertical  Joints.  However,  either  by  hammering,  or 
by  plug  and  feathering,  the  vertical  Joints  can  be  squared  up  at 
slight  expense  ready  for  further  dresring  It  required  by  the  speclQ- 
CHilons.  On  the  other  hand,  all  granites  and  many  thick-bedded 
limestones  and  sandstones,  break  out  In  such  Irregular  shapes  that  It 
often  happens  that  every  face  must  be  plug  and  feathered  before  the 
block  Is  roughly  squared  up  ready  to  be  dreaaed  by  the  stonecutters. 
ObTlausly  the  dressing  of  the  beds  of  such  stnnes  la  far  more  ex- 
pensive than  the  dressing  of  the  beds  of  amaathiy  BtratlHed  stones. 

Besides  differences  in  hardness,  we  see  that  tha  shape  of  the 
stones  aa  they  come  from  the  quarry  ia  a  very  Important  factor  in 
the  cost  of  dreaalng. 

Another  factor  of  scarcely  less  Importance  la  the  sise  of  the 
blocks  of  alone.  It  la  generally  pasalble  to  quarry  granites  in  blocks 
nt  any  desired  aize,  the  limit  being  fixed  by  the  strength  of  the 
derricks  and  other  machinery  used.  A  very  common  slie  of  granltA 
UockB  dressed  ready  to  lay  In  the  wall  is  IS  ina  rise  x  40  Ins. 
length  I  2«  to  30  Ina  depth.  And  as  every  block  of  granite  muat  be 
plug  and  feathered  to  alxe  before  dressing.  It  is  Just  aa  cheap  to 
■nake  coursed  ashlar  as  random  range  ashlar.  On  the  other  hand, 
•tcatlQed  rocks  like  aandatone  usually  occur  In  layers  of  different 
tblckneaa.  and  It  may  be  impossible  to  secure  enough  stone  for 
courses  of  a  qieclfied  rise  without  wasting  a  large  part  of  the 
Quarry  product.  An  engineer  should  never  specify  any  given  "rlee" 
Cor  the  courses  (except  in  granite),  until  he  haa  examined  the 
Quarries  and  is  sure  that  they  wilt  yield  the  product  speclfled. 
But  engineers  often  fail  to  do  thl«  and  the  contractor  must  be 
cBTctul  not  to  be  equally  foolish  In  falling  to  examine  the  stone 
sTsllablo. 

Btone  is  often  so  seamy  or  so  orlttte  that  It  can  be  quarried  only 
In  snail  chunks.  Nd^  It  is  obvious  thai  the  smaller  the  chunk 
Uie  greater  the  area  Chat  roust  be  dressed  per  cubic  yard ;  but 
how  greatly  thla  factor  affects  the  cost  of  dressing  la  seldom  consld- 
ereO.  To  illustrate,  let  us  assume  that  blocks  for  ashlar  are  each 
II  ina  rise  x  24  ina  long  x  18  Ins.  deep.     Each  block  then  contains 


A80  HANDBOOK   OF  COST  DATA. 

3  cu.  ft.,  and  haa  8  iq.  ft.  of  bed  joints  and  3  >a.  ft-  of  end  lotatt, 
or  9  an.  ft  of  joints  Co  be  droBsed.  Let  ua  now  take  an  ashlar  bloc* 
18  Ins.  rise  i  38  ins.  long  i  24  Ins.  deep.  This  block  contains  S 
cu.  ft.  and  has  12  sq.  ft  of  bed  joints  and  8  sq.  ft,  of  end  Joints,  or 
18  BO.  ft  of  joints  to  be  dressed.  With  the  smaller  blocli  we  have 
9x9,  or  81  sq.  ft  of  joints  to  be  dressed  for  eveiy  cubic  yard ; 
■whereas  with  the  larger  block  we  have  8x12,  or  36  sq.  ft  to  be 
dressed  for  every  cubic  yard.  In  other  words  the  cost  of  drsssltis 
ashlar  of  Iho  3-cu.  ft  blctcka  is  more  than  twice  as  expensive  per 
cubic  yard  as  the  cost  of  dressing  the  9-cu.  ft  blocka 

It  Is  apparent,  therefore,  that  all  records  of  the  cost  of  dresotn^ 
stone  should  be  exiiressed  in  terms  of  the  square  feet  actually 
dressed,  and  then  the  data  can  be  applied  to  blocks  of  any  given  slie 
to  oblaln  the  cost  of  dressInK  i>er  cubic  yard.  This  method  of  esti- 
mating' costs  will  often  lead  a  contractor  to  Import  his  stone  a  long 
distance  by  mil  rather  than  attempt  to  dress  the  small-siied  stones 
from  local  quarries. 

It  Is  customary  among  contractors  and  stonecutters  to  speak 
of  BO  and  so  rnany  "square  feel"  of  stone  dressed  per  day,  meaninc 
not  the  number  of  square  feet  of  beds  and  joints  dressed,  but  the 
square  (eet  of  "face."  For  example  a  stone  is  H4  ft  rise  i  J  ft 
long  X  2  ft  deep.  This  etone  when  laid  lengthwise  In  the  face  of 
a  wall  will  show  a  face  area  of  1<4  sq,  (t,  and  the  stone  cutter  Is 
said  to  have  dressed  4^  sq.  ft  As  a  matter  of  fact  he  has 
dressed  IS  sq.  ft.  of  bed  Joints,  and  6  sq.  ft.  of  end  joints,  beside 
plugging  on  or  hammering  the  face  of  the  stone,  and  cutting  the 
drafts  If  speclfled.  In  my  early  work  I  was  misled  by  this  method 
of  estimating  stone  dressing  In  terms  of  the  square  feet  of  face.  It 
Is  a  method  that  should  be  abandoned. 

Data  of  the  actual  cost  of  stone  dressing  will  be  given  In  •tibse- 
quent  pages. 

Dats  on  8tana  Sawing.— There  Is  little  on  this  subject  In  print, 
but  In  almost  any  large  city  stone  saws  may  be  seen  at  work,  and 
a  rough  estimate  can  be  made  of  the  cost  of  stone  sawing.  To 
tell  how  many  Inches  deen  a  saw  cuts  In  a  day,  examine  a  slab  of 
etone  newly  cut  In  the  yard.  It  will  be  noted  that  there  are  rust 
lines  on  the  face  of  the  slab.  The  distance  between  these  lines 
Indicates  the  depth  cut  In  a  day.  for  when  the  saws  are  Idle  at 
night,  the  rust  forma 

For  cutting  stone  Into  thin  slabst  it  Is  cotnmon  practice  to  ran  two 
"gangs"  of  saws,  of  16  saws  In  a  "gang"  driven  by  a  small  engine. 
As  nearly  as  I  have  been  able  to  estimate  by  observation  and  In- 
quiry, the  dally  cost  of  operating  a  "two-gang"  plant  is  as  follow* 
per  9-hr.  day  In  New  York  City: 

Sansman   t  4.00 
elper 3.00 

cu.  yda  sand,  at  |3 8.00 

ton  coal,  at  IB 3.00 

Total  per  day (18.00 


!B 
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.Wn-Ung  In  Tonnn—no  marble  each  nw  cuU  ttbont  <  bM.  deop 
P«r  day,  therefore,  U  tha  block  Is  6  ft.  lone,  the  SO  ^wb  cut  90 
SI.  ft  per  day  of  t>  hre.  The  cost  of  lawlnK  alab^  therefore,  ap- 
proilmates  IT  ctB.  per  aq.  ft.     The  aaw  cuta  e,  berf  ti'in.  wide. 

I  am  told  that  with  wages  of  iwliBber  at  tl.SO,  slabs  can  be  pol- 
iced by  hand  at  6  ct&  per  sq.  ft ;  but  where  the  polishing  Is  done 
by  machine  the  cost  is  about  t  ^  cts.  per  sq.  It. 

Wages  of  none  yard  men  In  New  York  City  are  about  a  third 
.  higher  than  In  most  other  American  cities. 

Ur.  R.  J.  Cooke  states  that  the  rates  of  sawing  dlfCerent  Iclnds  of 


1 


Depth  cut  In 


Granite,  Addison,  He.  (shot) 

Granltft  Chester.  Mass.  (eand) 

Granites  Red  Beach,  Ma    (stiot)... 
Bluestone,  Hudson  River   (sand)... 

Uarble.  Carara,  Italy   (sand) 

Uarble,   Tenaeaaee   (sand) 

Marble,  Tate,  Qa.  (sand) 

Uarble,  Tate,  (3a.   (sandi 

Harble,  Oouyemeu^  N.  T.   (sand).. 


Marble.  W.  RuUanii  vi.   (sand).. _. 

Marble,   Proctor,   VL    (saad) IB 

Limestone,  New  Point,   Ind.    (aand) ID 

Limestone.  New   Point,  Ind.    (sand) IS 

Oolitic  limestone,   Bedford.  Ind.    (sand) 40 

Oolitic  limestone,  Bedford,  Ihd,   (sand) TO 

Magnealan  limestone.  L.emont,   111.    (sand) 3<t 

Sandstone.   N.   Amherst    O.    (sand) 40 

Satidetone.  ClarksvIIIe,  O.    (sand) 36 

Brownstone.    Portland,   Conn,    (shot) ZO 

Brownstone,  Hummelston.  Pa.    (shot) 25 

The  Toung  &  Farrelt  Diamond  Stone  Bawlng  Co..  of  Chicago, 
classiOes  stone  into  soft  medium  and  hard;  soft  Includes  sand- 
stones; medium  includes  limestones,  and  hard  includes  marbles  and 
granites.  They  say  (1890)  the  cost  of  sawing  per  sq.  ft  Is:  Soft 
S  to  ID  cts. :  medium,  13  to  IT  cts. ;  hard,  25  to  30  cts. :  all  on  the 
basis  of  4-in.  sawing  or  two  cuts  to  the  cubic  foot  With  wafces  of 
stone  cutters  at  50  eta  an  hour,  the  cost  of  liand  dreaslag  the  same 
ctasaes  of  stones  ts  given  as  follows  per  square  foot;  Soft  25  to 
to  cts, ;  medlunii,  40  to  45  cts. ;  and  hard,  TB  to  BO  cts. ;  all  clear  face 

Coit  of  Stone  Dresslnn — In  addition  to  the  data  Juat  given,  The 
Byenlte  Granite  Co.,  of  QronltevlUe.  Mo.,  say  (1890)  that  the  cost 
of  band  dressing  36,000  cu.  ft  of  granite  to  U-ln.  Joints  was  20  cts 
per  tq.  ft,  not  Including  blocksml thing,  handling,  etc.  which  was 
*  cts.  more  per  sq.  ft.  This  stone  was  granite  cut  to  lay  In  24  to 
JO-tn.  courses  for  the  Merchants'  Bridge,  St  Louis,  and  It  Was 
d^vned  for  TI.IE  per  cu.  ft 

Tlie  Kankakee  Stone  A  Lime  Co.  say  (1890)  that  with  wages  at 
13  a  imf,  the  cost  of  dressing  limestone  (bush-hammered  or  drove- 
■work)  U  2B  eta  DOT  so.  ft 

Com  of  Cutting   Limestone  and   Sandstone, — In   dressing  Medina 
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BaiidatsiiA,  a  atonecutter  will  dreu  enough  Btone  In  S  hrs.  to  lay  13 
nq.  ft  of  loce  In  a  wall  having  couraes  Cbat  average  IG  Ina.  rlMt 
which  IB  eQUlvalent  to  about  O.S  cu.  yd.  of  laca  atone  per  day,  or 
30  aq.  ft.  of  beds  and  Joints  cut  to  lay  yt-la.  Joints  for  at  least 
li  Ina.  back  of  the  face.  The  face  Is  rock-faced,  and  Is  plucKCd  olt 
by  the  stonecutter. 

In  drasslnE  Ilmeatone  tor  arcb  sheeting,  the  author  siade  the  mle- 
take  of  using  a  quarry  whose  product  was  all  amall  and  gnarled 
atonaa  Each  atone  after  dressing  averaged  only  II  Ina  thick,  21 
Ina  lonE.  and  18  Ina  deep,  or  about  0.1  cu.  yd.  per  stone,  so  that 
to  secure  1  cu.  yd.  of  this  eut-etone  required  the  dressing  ot  80  sq. 
fL  of  beds  and  Jolnta.  Elach  stonecutter  averaged  38  sq.  ft.  of 
beds  and  Joints  (dreaaed  to  lay  U-ln.)  per  9-hr.  day,  or  1  cu.  yd.  In 
aw  daya    These  cuttera  received  40  eta  ner  hour. 

Cost  of  Sandstone  Bridge  Plera. — The  cost  of  cutting  246  cu.  yds. 
sandstone  to  ^-In.  Joints  for  bridge  plera  was  tZ.GE  per  cu.  yd. ; 
the  cutting  of  the  stones  for  the  nose  of  the  pier  cost  fS  per  cu.  yd. 
The  wages  of  cutters  were  3S  eta.  per  hr. 

The  cost  of  loading  the  stone,  train  service,  sand,  cement  and 
laying  the  masonry  was  13.00  per  cu.  yd.  About  Vt  bbl.  of  Port- 
land cement  casting  |i.40  per  bbl.  was  used  per  cu.  yd.  of  masonry. 
The  coat  of  quarrying  the  stone  was  $1.GE  per  cu.  yd.  The  total 
cost  of  the  pier  masonry  was  l>  per  cu.  yd.  For  the  foregoing  data 
1  am  Indebted  to  Mr.  C.  IL  Nebr. 

Cost  of  Cutting  Qranlte  for  a  Dam,— In  building  a  dam  In  the 

northern  part  of  New  York  state,  the  author  used  a  granitic  rock. 
The  face  alonea  were  cut  to  lay  In  couraea  with  beds  and  Joints 
%  In.  thick.  Eoch  cut  stone  was  quarry-faced  and  averaged  lii  ft 
rise  X  8  ft  long  x  Z  ft.  deep,  or  about  \k  cu.  yd.  A  atonecutter 
averaged  one  auch  stone  per  S-hr  day,  or  IS  aq.  fu  of  beds  and  end 
Joints  dreased  per  day.  A  blacksmith,  at  tZ.EO,  and  a  helper,  at 
tl.GO,  sharpened  the  points  and  plug  drills  for  8  stonecutlera  Th« 
cost  of  cutting  this  face  atone  was  as  follows : 

Stone  cuttera.  at  H  per  8  hrs. 112.00 

BlackBmllhlng    1.20 

Labor  bankering  stones  and  plugging  off  faces. . .     l.SO 

Sheda  and  toola 0.80 

Superintendence     1. 20 

Total    in.OO 

On  a  small  portion  of  the  work  the  stone  was  dreeked  to  lay  K-ln> 
Joints,  which  added  fS  per  cu.  yd,  to  the  cost. 

Cost  of  Cutting  Oranlta,  New  York  City.— Mr.  Wm.  W.  Maclay 
gives  the  cost  of  cutting  Z.OSE  cu.  yda  of  granite  by  a  force  of  10 
stonecutters  working  for  the  New  York  Department  of  Erodes,  during 
I8T3  to  ISTE.  The  working  day  waa  8  hra  The  foUoWlnK  table 
gives  Ihe  sverag<e  day's  work  of  a  atonecutter  working  for  the  Dock 
Department  as  compared  with  work  done  for  contractors  In  New 
York: 
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Sq.  ft.  p«r  S-hr.  dar- 

For  Dock     For  Oon- 

CuttlDE  OraDlt&  Dept.         tractors. 

DrtMcK  bediand  lolnta  (U  in.) It. 6  K.O 

Polnled  work  wlUilit-iiL  c&nl  draft  sD  around     8.G  lO.D 

Feu-hammered 6.0  T.ZG 

(■cut  patent  hammered S.2G  e.lE 

1-cut  patent  hammered t.2i  COO 

It  wm  ba  nated  that  the  men  working  for  the  Dock  Department 
dkl  about  15%  less  work  dally  than  Is  (aid  to  have  been  the  average 
niidM'  contractors. 

In  dolnr  this  dock  work  there  were  1,634  en.  yda.  of  dimension 
Hones  cut  bito  headers  and  stretchers.  The  headers  averaged  i  ft. 
OQ  the  face  by  3  ft.  deep;  and  Che  stretchers  averaged  8  fL  lona;  on 
tba  face  by  3  ft  deep ;  the  rise  beinx  20,  Z2  and  26  Ine.  for  the  dlf- 
Itttat  courses.  The  stones  were  cut  to  tay  U-ln.  beds  and  Joints, 
the  faces  being  pointed  work  with  a  1  M-ln.  chisel  draft  all  around, 
nie  cost  of  this  cutting  was  as  follows: 

Per  cu.  yd.  Par  cent 

Catdnr  (4.53  days)    tl3.S2  4S 

Labor  rolling  stones 8.Z«  »0 

ffluirpenlng  tools   4.13  16 

BnpeHntendeace     1.3S  C 

Mew  tools  and  timber  for  rolling  stonea 0.S8  1 

Interest  on  eheds,  derrick,  and  railroad 0.28  1 

Total    J27.B6  100 

In  addition  to  this  work  there  were  110  cu.  yda  of  coping  cut  to 
lar  U-[n  Joints,  oolnted  on  the  face  and  with  a  chisel  draft,  8-cut 
patent-hammered  on  the  toe,  and  With  a  round  of  3H-lu.  radlua 
The  cophiK  stones  were  8  ft  long,  4  ft  wide,  and  2  H  f t  rise.  The 
cost  of  cutting  this  coping  was  as  follows : 

Percu.yd.  Per  cent 

Cutting  (fl.26  days)    (18"  48 

Labor  rolling  stones 11.42  30 

Sharpening  tools   B.71  IB 

BUprolntendence 1.90  6 

New  tools  and  timber 0.38  1 

Interest  pn  sheds,  etc 0.38  1 

Total   taS.OO  lOO 

It  would  anpear  from  the  atrave  that  the  stonecutters  received  ft 
for  S  bra,  but  Mr.  Maclay  states  that  the  pay  was  14  for  8  hra 
If  so  there  is  some  error  In  the  other  items,  which  I  have  calculated 
tiom  tlie  percentagBB  given  by  him.  It  is  dlfllcult  to  understand 
bow  the  "iatior  of  rolling  stones"  could  liave  been  30%  of  the  total 
cost  of  cutting,  unless  the  laborers  assisted  in  plug  and  feathering 
ti>e  stones  preparatory  to  cutting.  The  cost  of  tool  sliar[ienlng 
(16%)  was  also  very  high  Certainly  theae  two  items  were  much 
bltAar  than  they  would  have  been  under  a  contractor. 

Mr.  J.  J.  R.  Croea  states  that  in  cutting  granite  tor  the  gate-housea 
of  tiM  Croton  Reservoir  at  Stth  St..  New  York,  In  1861-2,  the  least 
days  work  was  flxed  at  IS  sq.  tt  of  beds  and  Joints.  This  included 
the  cutting  of  a  chisel  draft  around  the  face  of  the  stone,  the  cost  of 
which  was  about  one-ftfurth  as  much  as  cutting  a  square  foot  ol 
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Joint,  making  the  actual  least  day's  work  equivalent  to  IT.T  sq.  tt. 
of  beds  and  Joints  cut.  With  wages  of  stonecutters  assumed  at  (S 
per  day,  from  the  percentages  given  by  Hr.  Croes,  I  have  calculated 
tbe  cost  ot  cutting  to  bave  been  as  follows  per  square  foot : 

Per  so.  ft. 

Cutting  ( 16  sq.  fL  per  day) 10.200 

Sharpening  tools    0.022 

Labor  moving  stone  In  yards D.OSO 

Drillers  plugging  off  ruugh  faces 0.008 

Buparintendence    O.OII 

Sheds  and  tools 0.014 

Total    10.880 

The  cost  of  all  the  items  other  Chan  the  waxes  of  stone  cutters 
was  (0%  of  the  wages  of  the  stonecutters,  or  S  els.  per  sq.  ft. 

Coit  of  Quarrying,  Cutting  and  Laying  Granlta, — Mr.  J.  J.  R. 
Croes  KiveH  the  foUowins  data  relative  to  work  done  on  the  Boyd's 
Corner  Dam,  near  New  York  City: 

The  stone  Is  a  gneiss  thai  Is  about  as  dllBcult  to  quarry  aa  granite. 
The  face  stone  (or  the  dam  averace  1,8  ft.  rise,  S.O  fL  long  and  3.T 
ft.  deeD.  and  were  cut  to  lay  U-In-  Joints.  In  quarrying  the  dimen- 
sion stone,  niug  and  feathers  were  used  to  split  the  stone  to  ilia 
ready  for  cutting.  The  cost  of  quarrying  and  plug  and  feathering 
4,000  ciL  yds.  of  dimensioQ  stone  reajjy  for  cutting  was  as  follows: 
Days  (10  hr.)  Cost  per 
per  cu,  yd.         cu.  yd. 

Foreman,  at  IS 0,114  |0.S4 

Drillers,  at  tZ 0.917  1.84 

Laborers,  at  M-SO 0.420  0.S5 

Blacksmiths^  at  |2.S0   0.102  9.25 

Tool   boys,  at  |0.G0 0,108  O.OG 

I^bor  loading  teams,  at  tl.eo 0.284  0,42 

Total  (not  including  exploslveB  and  teaming)  11, E5 
The  work  was  done  by  contract  In  lSOT-8.  The  rates  of  wages 
were  not  given  by  Hr.  Croes;  but  Hr,  John  B.  UcDonald  has  been 
kind  enough  to  give  me  most  of  the  rates  ot  wages  as  nearly  as  be 
can  remember.  The  length  ot  haul  from  quarry  to  stone  yard  was 
about  a  mile,  and  Hr.  HcDonald  slates  that  oxen  were  used.  The 
cost  o(  "teams"  Is  given  by  Hr,  Ooes.  as  0.G2  team  day  per  cu.  yd., 
which  Indicates  that  a  ^rad  deal  of  stone  boat  work  was  done, 
or  else  that  there  is  an  error  In  this  Item, 

The  cost  of  quarrying  8,400  cu.  yds,  of  rubble  atone  for  this  same 
dam  ras  as  follows : 

Days  per       Cost  per 

Foremen,  at  ti 0.041  (0.12 

Drillers  at  %i O.S3»  O.SS 

Laborers,  at  tl.EO   0.140  ».ll 


Total  labor fl.ao 

I  presumaUe  that  both  the  dimension  stone  and  th*  mbbl« 
were  measured  in  Um  dam. 
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nie  masonrr  wa^  called  "mbble  range'"  a  tern  that  dectived 
moat  ol  the  oontractora  for  the  nwclflcatlons  In  fact  called  for 
rtoaea  cut  to  lar  In  couraea  with  K-ln.  bed  Jolnta  During  3% 
reara  of  work  there  vere  E,2D0  cu.  yds.  of  Chia  "rubble  range"  cut, 
reQUbing  the  dre^ng  of  l.STS  sq.  ft.  Each  Btone  averaged  1.8  ft. 
riK,  3.6  ft.  long,  and  i.T  fL  deep,  or  O.SE  cu.  yd.  per  stone.  Each 
itoaecutter  aTeraged  18.7  sq.  ft.  of  bed  Joints  dressed  per  day,  E» 
that  it  took  1.67  days  to  dre«»  each  cubic  yard  of  "rubble  range" 
Mooe. 

The  atddar  etones  were  called  "dimenBlon  cut-stone  masonry" , 
and  were  cut  to  lay  M'in.  lolnls  both  on  bed  and  end  Joints,  and 
the  bcea  were  pean  hammered.  The  lowest  bid  on  this  ashlar  was 
W  per  CO.  yd.  but  another  contractor,  who  bad  previously  dooe  the 
tame  kind  of  work,  bid  t«0  per  cu.  yd. 

n  took  9  dar^  work  of  a  stonecutter  to  dreaa  each  cubic  yard  of 
this  adklar. 

The  coping  waa  laid  In  two  coursee;  one  conrse  of  atones  li-ln. 
riaft  30-111.  bed,  and  3U-ft.  length;  the  otiier  course,  Zt-ln.  rise, 
4S-ln.  bed,  and  SU-'t.  length.  The  top  was  pean  hammered,  and  the 
face  was  left  rough  with  a  chisel  draft  around  It.  The  beda  and 
Joint*  ware  cut  to  lay  %-la.  It  took  a  stonecutter  S.l  days  to  dreaa 
each  cubic  yard  of  this  aahlar. 

The  coat  of  laying  the  maaonry  in  the  dam  Was  as  follows, 
wage*  being  aaaumed  to  b«  appronlntately  what  they  are  now  (not 
what  they  ware  In  18TS}  : 

A  "^Perc^J  g- 

Uaaon,  at   13.00 t0.3«        10.30        tO.SG        tO.tS 

lAborera.  at  tl.BO 0.28  0.38  0.22  0.23 

Hortor  mixers,   at  tl.EO 0.15         O.tZ         0.11         O.IS 

Derrick  and  carmen,  at  11.60 0.49  O.Bt  0.S6  0.3S 

Engine,  at  64.00 O.lg  O.ZO 

Teams  from  yard,  at  f3.60 0.3&  0.20  0.20  0.39 

Laborera  loading  teams,  at  tl. GO 0.28         0.23         0.33         0.13 

Total    fl.Ol       tl.80        11.66        tl-81 

Columns  A  and  B  relate  to  work  dona  In  ISBS  and  1869  when  the 
stone  was  hoisted  by  hand;  A  waa  a  lift  of  G  ft.,  B  waa  a  lift  of 
10  to  20  fL  Columns  C  and  D  relate  to  work  done  In  1860  and 
1370.  wben  tbe  hoisting  waa  done  by  engines;  C  being  a  lift  of  20 
to  30  ft.  1  D  being  a  lift  of  30  to  GO  ft.  It  will  be  noted  that  each 
mason  laid  from  8^  to  12M  cu.  yds.  per  day.  Each  engine  ap- 
paroitly  served  two  masons,  but  it  is  not  stated  whether  each 
maaoD  had  a  aeparate  dairtck  or  both  worked  with  one  derrick. 

The  Etonea  were  laid  In  Inclined  or  sloping  courses,  which  made 
it  bard  to  keep  them  in  place  as  a  rap  of  a  hammer  would  cause 
sliding 

It  will  b«  noted  that  the  coat  of  loadbig  and  hauling  the  stone 
from  the  atone  yard  to  the  dam  is  included  in  the  above  costs  of 
laying,  This  coat  of  loading  and  hauling  la  not  properly  a  part  of 
tbe  coat  of  laying. 

Tbe  mortar  waa  a  1 :  3  mixture,  natural  cement,  and  it  required 
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O.t  bbl.  of  cemenL  0.093  cu.  yd.  sand,  and  O.SS  cu.  yd.  of  atoae 
per  cu.  yd.  of  dam  maaonry.  In  other  woid^  only  11%  of  (ha 
maaonry  waa  mortar- 
Coat  of  Plug  Drilling  by  Hand. — By  tlmlDg  a  Dumber  of  masona 
at  vork  apUttltiK  granlCe  blocka  21  to  30  ins.  thick,  I  found  that  each 
man  drilled  each  hole  (K-in.  diam.  x  2^  Ina  daec)  Id  a  trlQe  lew 
than  G  mlna,  by  Htrlking  about  200  blowa  It  totdc  about  1  mln.  for 
ptaclne'  and  Btrlk<nK  each  set  of  plug  and  fealhera.  A.  triock  10  Ina 
Ions,  with  four  plus  holes,  waa  drilled  and  apllt  with  the  ptuga  and 
feathers  In  24  mlns..  on  an  aversKe.  At  this  ratc^  a  Bood  workman 
can  drill  and  plus  8(1  holes  In  B  hra.,  but  it  Is  not  safe  to  count  upon 

Cost  or  Pneumatic  Plug  Drilling — For  drilUns  plug  holea  In  gran- 
ite certainly  no  tool  la  as  economic  as  the  pneumatic  Dluf  drill. 
HorliOOtal  as  well  as  vertical  holes  can  be  rapldlr  drilled.  The 
ordinary  plus  drill,  according  to  the  manufacturers,  consumes  IG 
ca  ft  of  free  air  per  mln.  at  TO  lbs  nreaaure.  At  the  Wachuaetl 
Dam  I  found  that  a  workman  Bverased  one  hole  C%-ln.  diam.  i  3 
Ina)  drilled  In  TA  mlna.  Includlnic  the  time  of  shlftlns  from  hole 
to  bole,  but  not  Includlnc  the  time  of  drlvlns  the  pluca  About  2E0 
plug  holes  are  counted  a  fair  day's  work  for  a  plug  drill  where  the 
driller  does  not  drive  the  pluga  himself. 

Cost  of  Quarrying  Qranlte. — Cost  data  relating  to  the  quarrying 
of  granite  dimension  atone  are  extremely  hard  tn  secure.  I  havo 
beed  able  to  And  only  one  writer,  Ur.  J.  J.  R.  Croes,  who  has  pub- 
lished anything  on  the  sublecL  Mr.  Croes'  records,  together  with 
mine,  will  at  least  form  a  basis  for  anoroilmate  estimates  of  cost 
of  granite  quarrying-  Uy  data  apply  to  quarrying  three-dimension 
stone  in  a  sheet  quarry  on  the  coast  of  Maine.  The  total  number  of 
men  engaged  was.  on  the  average:  6  englnemen.  S  steam  driller^ 
<  drill  helpers.  3  blacksmiths,  a  helpers,  B  tool  end  water  boys.  IS 
quarrymen.  47  laborer*.  2  foramen  aDd  1  superintendent.  This  force 
quarried  ajid  loaded  on  boats  about  1,400  cu.  yds.  of  rough  granite 
blocka  The  stone  was  loaded  by  derrlcka^nto  ears  from  which  it 
was  unloaded  into  boats  ready  for  ahlpmant.  The  following  cost 
Includes  everything  except  interest  and  depredation  of  plant,  and 
development  expenses: 

percuyd. 

_t  IS  a  day  (of  9  hra.) 10.30 

.^..c-ui   drillers,  at   fi.OO 0.20  i 

Drill  helpers,  at  fl.SO O.K 

Blackamllhs,    at    12. 7S 0.14 

Blacksmiths'  helpers,  at  tl.7B 0.0)  i 

Tool  and  water  boys,  at  |1 0.18 

guarrymen,  at   (1.76 i.OI 

aborers,  at  11.50 1.15 

Foremen,  nt  13.00 O.IG 

Superintendent,  at  IS 0.10 

Coal,  at  IS  ton 0.46 

BIiploBlvea   O.tS 

Other  supplies  0.S4 

Total   t4.SI 


STONE  MASONRY.  408 

Qs  th»  beat  montb'a  wor^  when  a.  larcsr  foroe'  was  b«lDS  op- 
KBtad,  the  coat  ol  all  labor,  auperlatendcnca  and  nippUea,  waa 
raducMl  to  a  UtU«  belov  14  i«r  cu.-  yd.,  but  tbe  above  I4.G0  per  oil 
si.  mar  be  token  a«  &  lair  average  of  aeveral  montba'  work.  To 
tbia  abould  be  added  Uie  cbargea  for  plant  reatal,  quarry  rental  <U 
any),  atrlpping  (If  any),  and  freight  chaj-geB  to  deatlaaUon.  Tbe 
Iret^t  late  by  bou  from  Maine  to  New  York  l>  about  (1  a  ton, 
but  aa  rough  snuilto  blocka  are  tUwara  measured  on  tbslr  leoat 
dimoialoDa,  the  fnlKbt  cbarKes  when  |1  per  ton  amount  to  about 
11.70  per  cu.  yd.  of  threo^lmenalon  atone  In  the  rough.  The  ex- 
ploalTea  uaed  were  block  powder,  cobIIdk  }2.Z&  a  kes  (ZS  Iba.).  and 
dynamite  for  channelinK.  costlns  IG  cts.  a  lb.  The  aheet  from 
which  thia  cranlte  waa  quarried  averaged  about  SK  (L  thick,  and 
waa  nearly  flat.  The  atone  waa  looaened  In  Ioqk  blocks  by  Knox 
blaatlng  with  black  powder,  and  waa  split  up  Into  alies  by  plug  and 
feathering:;  both  hand  drills  and  pneumatic  plug  drllla  being  uaed 
for  thla  purpoae.  Tbe  stone,  as  before  stated,  waa  three-dlmenalon 
atone.  To  quarry  random  stone  (not  rubble)  In  this  quarry  cost 
about  tS.GO  per  cu.  yd. 

If  granite  la  blasted  out  In  all  shapes  and  sfiei^  to  be  used  for 
mbble  or  for  concrete,  the  coat  of  quarrying  la  for  less  than  the 
above  and  Is  approximately  the  same  as  quarrying  trap  rock,  pro- 
vided the  two  kinds  of  rock  are  equally  seamy  or  Jointed.  Trap^ 
however,  are  usually  much  more  seamy  thon  sranltesi  hence  the 
drill  boles  In  trap  can  usually  be  spaced  much  farther  apart  than  In 
gnuilte  bftTtng  few  seams. 

Cost  of  a  Maaenry  Arch  Brldae. — This  arch  bridge  had  ft  span 
of  )0  ft,  and  Ita  barrel  waa  80  ft  long.  The  masonry  waa  lime- 
atone  laid  la  Portland  cement  mortar.  There  were  SSG  cu.  yds.  at 
flMtaonrr  distributed  aa  follows: 

Cu.yda. 

Arcb  dieetlng  Ill 

Bench  walla  (or  abutmentaj 145 

""■•■■'"B  above  arch 17 

Backing  above  haunch SS 

Wins  walla  SI 

Parapet  walla  T 

Coping   6 

Total   36G 

nie  arch  sheeting  masonry  waa  dreased  to  lay  %-ia.  Jolnta,  and 
tlie  cost  of  these  1 12  cu.  yds.  was  as  follows : 

Cu.yd. 

Quarrying  rough  blocks t  1-00 

Plug  and  (eathertng  Into  blocks O.SG 

Hauling  and  loading  onto  car O.TG 

Freight    1.06 

Unloading  from  car  and  hauling  I  mile 0.70 

Cutting   4. EG 

lAylng    l.tG 

Mortar     l.BO 

Centers  Z.ZO 

Total    113.96 
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Thla  aheetlng  was  cul  to  lay  bji  axcb  18  ln&  thick,  each  Block 
kVeraeliiB  lixlSxiS  ina.  In  alxe.  or  about  %  cu.  yd.  The  blocka 
ware  Knall,  but  the  qutury  did  oot  yield  large  inatsrlal  Quarrymsn 
were  paid  30  eta.  p«r  hr.  and  helpers  IT^  eta.  per  lir.  The  un- 
loading from  care  onto  WH<nns  coK  3S  eta  per  cu.  ytL,  wage>  being 
16  eta  per  hr. ;  and  the  haulins  1  mile  coat  3S  eta  per  cu.  yd., 
teams  being  iO  eta  per  hr. 

The  stonecutters  were  paid  3E  eta  per  hr..  and  their  work  cost 
|4.3t  per  cu.  yd. ;  the  ^larpeniDK  o(  cutters'  tools  cost  IB  eta  more 
per  cu.  yd. ;  and  the  help  of  laborers  occasionally  In  bunkering  a 
stone  east  another  IS  eta  per  cu.  yd. ;  malclnB  a  total  of  )4.S&  lor 
cutting  the  Btone  alter  It  had  been  plug  and  feathered  rou^ily  IniA 
blocka    The  small  size  of  the  blocks  made  tliia  cost  high. 

The  stone  wax  laid  by  a  band-power  derrick,  the  coat  of  laying 
being  In  detail  aa  follows: 

Masons,  at  30  eta  per  hr. fO.gO 

Helpers,  at  IE  eta  per  hr 0.4S 

Team  on  stone  boat,  4D  eta  per  hr. 0.10 

Total  coat  of  laying fl.16 

Bach  maaon  had  IM  helpers  and  laid  3  cu.  yda  in  8  hra  This 
was  the  average  of  all  the  SAG  cu.  yda  ot  masonry ;  the  cost  of  lay- 
tog  each  kind  was  not  kept  separately. 

The  mortar  was  1 :  3  Portland  cement,  allowing  i.i  eu.  ft.  per 
bbl. ;  it  took  £  bbla  ot  cement  and  O.B  cu.  yd.  aaad  to  make  1  cu.  yd. 
mortar ;  and  the  coat  of  these  materials  was  |4.G0  per  eu.  yd.  ot 
mortar.  It  took  U  cu.  yd.  of  mortar  for  each  ot  the  366  eu.  yds.  ot 
masonry ;  no  attempt  was  made  to  determine  the  amount  of  morlor 
tor  each  kind  of  masonry. 

The  coat  of  the  ashlar  facing  In  the  abutments  and  wing  walla  was 
the  same  oei  cubic  yard  as  the  arch  aheetlng  after  deducting  the 
I3.Z0  tor  centers,  that  la  tH.TB  per  cu.  yd.;  and  there  were  about 
60  cu.  yda  of  this  In  the  bridge. 

The  coBt  of  the  rubble  backing  In  the  abutments,  haunch,  etc..  of 
which  there  were  nearly  200  cu.  yda,  was  aa  follows: 

Rubble  sandstone  delivered  at  bridge tllO 

,,    ...    ... ^^_  j^j  j^ju J  5^ 


Total     »(.06 

This  rubble  was  a  local  sandstone^  but  the  aahlar  was  a  lime- 
atone  Imported  by  rail. 

The  foregoing  costa  do  not  Include  foreman's  aalary  and  general 
ezpenaea,  which  amounted  to  1B%  of  the  total  ooat  of  the  bridge.  In 
addition  to  the  366  cu.  yda  of  stone  masonry  there  were  66  cu.  yds. 
of  concrete  foundations  laid  on  a  hard  clay.  There  waa  no  coRer- 
dammlng. 

The  cost  of  the  work  waa  higher  than  It  would  have  been  under  » 
better  foreman. 

Cost  of  Centers  for  M-tt.  Arch. — Centers  for  a  masonry  arch  of 


STONE  MASONRY. 

sa-tt  apaa  and  havloK  a  boxrel  SO  ft.  long  w«r«  mad( 
There  were  21  arch  rlba  or  cenCera  MMced  S  ft  «oart  and  Usisd 
with  hemlodc  3  Ins.  Uitck  by  6  Ihb.  wide.  Bacb  Mnter  was  mada 
ot  two  thlcknesaea  of  2  x  li-In.  Dlaok  cut  In  aecUoii  9  ft.  lone  and 
■piked  together,  broakiiiK  Joints.  The  ribs  were  cut  to  the  curve  of 
the  arch  at  a  law  mllL    The  f  ollowins  ws«  tbe  bill  of  timber  tn  each 

FtRlt 

6— Z-ln.  X  12-la.  1 12-tt  curved  ribs 144 

1— 2-ln.  z  a-ln.  X  Ifi-tt.  ties   64 

1— 2-ln.  X  6-ln.  x  10-tt   Bplicea   10 

1 — S-ln.  I  B-ln.  X  10-fL  poet 10 

2 — 2-111.  X  E-ln.  z  lE-fL   struts    32 

Total  Iter  bent 260 

ti  centers  at  260  ft.  B.  H. E.T20 

LosKlng  2  ina  X  33  ft.  x  60  ft. 3,960 

Total   9,8S0 

Tbe  machlQB  work  at  the  mill  coat  120,  and  the  carpenter  work 
ot  framlns  the  centers  was  (T-TS  (or  carpenters  at  23M  cts.  per  hr. 
and  tt.2G  tor  cari>enter^  helpers  at  IE  eta.  per  hr.,  making  a  total 
of  (ST.  This  la  equivalent  to  |6.G0  per  M  when  dlitrlbuted  over  tho 
5.720  rt.  B.  M.  In  the  centera  The  coat  of  erectlns  the  centers 
wltb  the  aid  of  a.  hand-power  derrick  tosether  with  the  cost  of 
placing  the  laggliiK  was  |S4,  all  thla  work  being  done  by  laborers  at 
15  eta.  oer  br.  This  124  distributed  over  all  the  0,712  fL  B.  M.  Is 
I2.S6  per  M.  The  cost  of  removing  the  centers  after  completion  of 
the  work  was  flO,  wages  being  IG  eta,  per  br.,  or  tl.D6  per  M.  Tho 
total  cost  o(  the  centers  was : 

B,7ia  (t.  B.  M.  hemlocfe,  at  »H I1B6.61 

132  oak  wedges,  at  10  ctt 13.20 

230  lbs.  wire  nails,  at  3^   ct& S.05 

Machine  work  at  mill 20.00 

Work  framing  centers 17.00 

Work  erecting  centers   24.00 

Work  tearing  down  centers 10.00 

Total     |217,T« 

It  will  b^  noted  that  the  mlUwork  and  tabor  cost  %71.  which  Is 
equivalent  to  (7.30  per  U  distributed  over  tbe  9,712  ft.  B.  M.  There 
were  112  cu.  yds.  of  masonry  In  the  arch  alone,  so  that  the  coat 
of  tbe  centers  distributed  over  the  arch  sheeting  waa  12.20  per  cu. 
yd.  But  there  were  2eO  cu.  yds.  of  masonry,  all  told,  in  the  arch, 
the  abutments,  parapet  and  wing  walla  The  short  poata  support- 
lug  the  centers  rested  on  hard  clay. 

Con  of  Arch  Culverts  and  Abutments,  Erie  Canal — In  1840  con- 
tracts were  let  for  enlarging  the  Erie  CanaL  The  courts  later  de- 
clared the  law  making  the  appropriation  unconstitutional  and  the 
New  Tork  State  Legislature  directed  that  the  contracts  be  canceled 
and  Chat  contracCora  be  paid  their  prospective  proBts  The  12  engi- 
neers In  charge  of  l^e  nark  aubmltted  the  following  eatlmatea  of  the 
actual  coat.  The  atone  In  masonry  waa  limeatone  from  the  lower 
Mohawk  valley.     Maaoua  and  stonecutters  were  paid  (2.25  per  day 
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of  II  bra.  workad,  laborers  II.     The  coat  of  inaBODrr  In  arch  cul- 

v*rla  and  bridges  was  as  lollowa : 

Face  BtoDe:  Percu-yd. 

Quarrying.  1  cu.  yd.  per  roan  day '. . . .  |2.Z6 

Cutting,  l.B  cu.  yds.  per  man  day 2.ZE 

LiBylng,  0.7  cu.  yi}.  per  nuui  day 1,2G 

Mortar     O.TS 

Total,  not  Including  bauling |4,G0 

Not*:     The  cost  of  auarrylDK  includes  ataarpenlnc  drllUt  fore* 
men.  etc. 

Backing  (rubble)  : 

Quarrying,  2  cu.  yds.  per  man  day 11.00 

Iiaylng,  1.7G  cu.  yds.  per  man  day 1.00 

Mortar    l.JB 

Total,  not  IndudlnB  bauUnx |3.ii 

Arch  sheetinc: 


Quarryine,  1  cu.  yd.  per  roan  day 12. 2B 

Cutting,  0,88  cu.  yd.  per  man  day S.2E 

Laying,  O.T  cu.  yd  per  man  day 1.25 


Total,  not  Including  haullDK,  or  centers t7,T6 

Ring  and  Coping: 

Quarrying,  0.6  cu.  yd.  per  man  day |  8.40 

Cutting.  Q.55  cu,  yd.  per  man  day .* G.OO 

Laying.  0.58  cu.  yd.  per  man  day t.OO 

Mortar   O.ID 

Total,  not  Including  hauling fl  1.90 

The  coit  of  hauling  stone  1  mile  from  quarry  to  canal  was  GO 
cts.  oer  cu.  yd..  T  round  trios  being  made  Per  day  by  a  team  haul- 
ing %  cu.  yd.  ot  atone,  as  measured  In  the  worlc 

The  centers  tor  arch  culverts  of  4  to  S-ft.  scan  were  estimated 
to  cost  GD  cts  ner  cu.  vdi.  of  arch  masonry.  For  airani  ot  10  to 
IG  ft  the  centers  cost  76  eta  per  cu.  yd.  of  arch  roasonry. 

Timber  strlnKera  covered  with  2  or  3-in.  plank  were  largely  used 
for  foundations  and  doori  of  culverta.  The  cost  of  placing  such 
timber  was  %4  per  M. 

Cost  of  Lock  Masonry,  ErI*  Canal,— The  following  Is  a  continua- 
tion of  the  data  Just  given: 

The  masonry  tor  locks  was  dressed  as  follows :  Cut  atone  fac4^ 
U,-ln.  Joints:  hammer  dressed  backing,  1-ln.  Joints.  Wages  were 
aa  above  given. 

Lock  face  stone: 

Quarrying.  0.B7  cu.  yd.  per  man  day |  8.00 

Cutting,  0.50  cu.  yd.  per  man  day B.GO 

Laying,  3.O0  cu.  yds.  per  man  day 0,83 

Mortar     O.fiO 

Haclitnery    0» 

Total,   not   Including  hauling (10.08 
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QuarryinK,  1  cu.  yd.  per  nuuk  Oat 12.00 

Cultlng.  1.8  cu.  yd*,  per  man  day l.EO 

Laying.  4  co.  ydk  per  man  day <i.4t 


Mortar  . 


Total,  not  Including  hauling fS.lt 

The  average  coat  of  loclc  masonry.  Including  face  and  backing; 
waa  Jl.TO  per  cu.  yd.,  exclusive  of  tranaportatlon  which  woe  %Z.1i 
per  cu.  yd. 

Tbe  coBt  of  a  maaonry  aiiueduct  cmulMlng  of  maaonry  plere, 
arches  and  Bpandrels.  waa  aa  follow*: 

To  lay  masonry :  Per  day. 

1  mason   IZ.aS 

t  tenders,  at  (1 1.00 

H  «ton«  cutter,  at  ti.40 1.10 

Total,  e.3  cu.  yds.  laid,  at  10.92  per  cu.  yd...tE.4t 
To  lay  arch  masonry;  FerdM. 

1  naaoo I  2^6 

1  tenders 2.00 

1  stone  cutter   2.E0 


Total,  8.Sf  cu.  yd*,  laid  at  |O.TI  par  cu.  yd...)  1. 71 


To  lay   vsndr«l  ■nasonn'-'  Perdw. 


Quarrylne 

Tnui^xirt 


1  tenders    

111  stone  cutters   4.00 

Total,  8.16  cu.  yds.  laid  at  *1  per  cu.  yd t  8.ZE 

Tha  total  cost  of  aqueduct  maaonry.  per  onblc  yard,  excluding 
tbe  coat  of  laying  just  given,  was  aa  follows: 

.V  a"!? 

. .  anqxirtaUon    2.00 

Cutting    2.2G 

Hortar    1.00 

UochlneiT  0.25 

Total,    not   Including   laying t  T.7B 

ADDroxtanately  tO.90  oer  cu.  yd.  should  be  added  to  this  tT.TS  to 
Include  cost  of  laying  the  masonry. 

Cost  of  SwMstwater  Dani.~-James  D.  Bcbuyler  gives  the  following 
diata  on  the  Sweetwater  Dam,  California:  Tbe  dam  la  48  fL  thick 
at  tha  base,  12  ft.  at  the  top,  and  90  ft  hlgb.  It  li  built  as  an 
arch  with  a  radius  of  222  ft.  on  line  of  face  at  the  top.  The  stone 
waa  a  metamorphlc  (or  Igneous?)  rock  with  no  well-denned  cleav- 
age, breaking  out  In  Irregular  masses.  Its  weight  ranged  from 
ITS  to  200  Iba  per  cu.  ft.  And  the  average  weight  of  the  masonry 
was  estimated  to  be  lOt^ba  per  cu.  ft.  The  mortar  was  a  1  :  3, 
proportioned  by  barrel^  miisd  In  a  Ranaome  mixer.  The  mixer 
was  gtven  S  or  4  turns  after  charging  It  with  sand  and  cement, 
then  tbe  water  waa  admitted  during  the  next  3  or  4  revolutions -, 
8  to  ID  reivoIutloDB  made  a  thorough  mixture,  requiring  t  to  3 
mlDK  A  tramway  for  delivering  the  mortar  was  carried  around 
the  face  of  tbe  dam,  on  a  bracket  trestle  held  by  bolts  driven  into 
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holaa  drilled  In  th«  face  ol  the  dam  masonrr.  A  grade  of  3  ft. 
In  40  at  the  end  ot  the  tramway  next  to  the  mixer  was  nifflcient 
to  give  the  mortar  car  an  ImpetuH  that  would  carry  It  (o  the  lartheat 
end  of  the  dam.  By  UBlng  thia  mechanical  mixer  and  tnunway  a 
force  of  B  men  and  a  horse  did  the  work  formerly  done  by  <  mortar 
mixers  aJid  14  hod  carriers.  The  box  ot  mortar  was  lifted  from 
the  car  by  a.  derrick  and  delivered  to  the  masona 

The  stone  was  quarried  from  a  clIlT  IDO  ft.  high  situated  SOO 
ft.  below  Che  dam.  It  was  hauled  In  wagons  rigged  with  platforms 
on  a  level  with  the  rear  wheels.  The  quarry  derricks  were  stmple 
shear-legs,  slightly  Inclined.  AU  atones  smaller  than  GOO  lbs.  were 
loaded  on  stone  boats  4  fL  SQuare,  made  of  3-ln.  plank  with  a  bot- 
tom ot  boiler  plate  and  provided  with  chains  at  the  comerft  The 
sheoT-leg  derricks  were  used  to  hoist  the  stone  boala  and  deposit 
their  toads  on  the  wagona  Stone  boats  cost  130  each,  and  several 
sets  of  them  were  worn  out  on  the  Job.  A  alngla  stone,  weighing 
S  tons  or  more,  was  readily  lifted  by  the  shear-legs,  and  lowered 
upon  a  wagon  driven  underneath.  All  hoisting  was  done  by  horse 
power.  Four  derricks  were  used  on  the  dam.  masts  being  10  to  3B 
fL  long,  and  booms  ZG  to  32  ft.  A  Hfth  derrick,  with  a  EO-tt. 
ma^  and  a  4&-ft.  boom,  proved  far  more  efflclent  than  the  othera 
The  work  was  completed  Apr.  J,  1888,  after  16  mos. 

The  masonry  waa  rubble  throughout,  amounting  to  ZO.BOT  cu.  yds., 
of   which   19,269   cu.   yda   were   In   the   dam  proper;    O.Sfl   bbL   of 
cement  was  used  per  cubic  yard  ot  masonry. 
The  cost  of  the  dam  was  as  follows: 

IT, 6(2  hbla,  cement   f  SI, 111 

Hauling  cement 8.614 

Lumber    2,108 

Iron  work 4,Sie 

Powder  and  mlacellaneoua  supplies 3,ZSD 

Pipes,  gates,  etc 6.163 

Plant,   tools,   etc «,ZIT 

Total  for  materials  and  plant t  113,668 

Labor,   common   and   skilled I  93,591 

Foremen    6,866 

Teams  1»,(96 

Engineering    10,G6E 

Clerical  work   «64 

Karthwork  (by  contract) T.6«t 

Miscellaneous  expenses 1.317 

Total  for  labor (140,405 

Total  for  materials,  etc 93.«tg 

Grand  total  (234.073 

Common  laborers  were  paid  12  to  (2.50  a  day ;  masons.  (4  to 
tG:  cariienterB,  (3.50  to  14;  blacksmiths,  (4 1  teams  with  drivers, 
16  :  machinists,  (T  to  (8 ;  foremen,  4  to  (6.  Workmen  were  scarce 
and  Independent  on  account  of  the  "boom"  In  California.  Ths  work 
cost  20  to.  26%  more  than  It  would  have  cost  under  normal  con- 
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Percentage 

Per  cu.  yd.  of  toui. 

Qiuurylns  etona  (lotKtr) %  0.4SG  4.829 

Coading  atone 0.513  &.R13 

B&ullnK  atone   0.420  l.TBS 

Hoisting   Btone    0.671  0.560 

Iioo'tlnK  and  liaullng  Band 0.346  3.915 

Cement,  at  t4.30  per  bbl 3. 427  SS,»00 

Hlxlns  and  deUverinC  mortar D.2S)  2.T10 

Haaona    0.T87  B.OGO 

Uelpwi   0.188  2.109 

Bxeavatlng  foundations   O.SOS  S.444 

UaJdng  and  repairing  roada 0.118  1.330 

BlackwnlthlDK  (labor)    0.1E3  l.gE4 

Carpentry   0.097  1.104 

Rope 0.104  1.18< 

TooIb     0.040  .624 

Steel     0.014  .IBB 

Blaokmolth    coal 0.000  .101 

Blocks  ajtd  Bbeavea 0.011  .Hi 

Powder    0.086  .974 

Lumber 0.19E  S.320 

Wetting  maaaaiT 0.048  0.641 

Foronen    0.332  1,774 

BoglDeerliig  and   superintendence...  0,343  3.891 

Total    t  8.808  100.000 

Coat  of  a  Granite  Dam,  Cheyenne,  Wyo.— Mr.  A.  J.  TVUey  glvea 
.the  foUowfnar  data  on  a  dam  for  the  Oranlte  Springs  Seaervolr, 
CbeyMUie.  Tbe  work  naa  dona  by  contract.  April  20.  1903,  to 
Jiaie  21.  1904.  From  Nov,  20.  1903,  to  Aorll  11.  1S04,  work  was 
closed  down  on  account  of  cold  weather.  The  extreme  height  of 
the  dam  is  9G  ft,  and  the  length  of  the  crest  la  410  ft. :  the  thtcluieaa 
at  the  base  la  66  It.,  and  on  the  top  It  la  10  ft.  It  contains  14,222 
cu.  yds.  of  granite  rubble  masonry  laid  In  1 :4  Portland  mortar, 
except  tor  the  face  of  atonee  where  1  :S  mortar  was  used.  The 
mortar  constituted  85.2%  of  the  dam:  and  O.Gl  bbl.  cement  was 
used  per  cubic  yard  of  masonry. 

The  mortar  was  mixed  with  a.  Smith  mixer,  in  batches  of  ^  cu. 
yd.,  and  the  mixer  output  was  i  cu.  yda  per  hr.  The  mort^'  was 
dumped  Into  buckets  and  carried  on  cars  running  on  a  trestle  built 
along  the  up-stream  face  of  the  dam.  Derricks  on  top  of  the  dam 
bolBted  the  mortar  bucketa 

The  atone  waa  a  gabbro,  quarried  about  100  ft.  below  the  dam. 
It  was  devoid  of  cleavage  and  was  blasted  out  In  large  maBses  from 
an  open  face  20  to  40  rt  high.  The  drilling  was  done  by  hand. 
For  each  cubic  yard  of  rock  there  were  used  0.35  lb.  of  dyrutmite 
and  1.06  Iba  of  black  powder.  The  stones  BiVeraged  2  cu.  yda,  but 
pieces  containing  5  cu.  yda  were  used. 

Bocks  breaking  smaller  than  3  cu.  yda  were  used  as  they  were 
blasted  out  of  the  quarry,  and  larger  masses  were  spilt  up  by  plug 
«nd  feather  Into  roughly  rectangular  shape  a  The  beet  shaped 
stones  were  used  tor  face  stones,  the  ordtaary  rough  rocks  were 
used  In  the  body  of  the  dam,  and  the  sma.ller  plecea  made  the  spalla 
The  rock  was  taken  from  the  quarry  by  a  guyed  derrick  with  40-ft 
boom,  and  loaded  upon  platform  cara  The  track  was  laid  upon 
Kich  a  grade  that  the  loaded  cars  ran  alone  and  the  emptlea  were 
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pushed  back  bf  hand.  The  trestle  whioh  carried  the  track  was 
aupported  by  the  atepa  on  the  dawn-Btraam  Bide  □(  the  dam.  Upon 
the  top  at  the  dam  were  located  two  Kuyed  derricks  wltb  40-ft. 
booms  rrimllar  to  the  quarrr  derrick.  Each  of  the  three  daiTt<^a 
was  operated  by  a  lO-ton  halBtlng  enslae  located  In  an  engine 
house  near  the  south  end  o(  the  dam.  The  derricks  on  top  of  tba 
dam  took  the  rock  from  the  cars  on  the  lower  side  ef  the  dam 
and  set  them  in  the  masonry.  They  also  took  the  mortar  buckets 
Irom  the  cars  on  tbe  up-Btream  side  of  the  dam  and  dumped  them 
wher*  needed  on  top  of  the  dam. 

EipallB  were  brouitht  upoo  the  dam  in  skips,  holdlns  about  a 
cubic  yard  each,  and  kept  in  the  skips  until  used.  Tbe  mortar 
was  usually  dumped  In  half-yard  batchei  In  a,  convenient  depres- 
sion of  the  masonry,  and  Was  distributed  With  long-handled,  round- 
pointed  idiovels. 

The  up-stream  face  was  laid  with  the  Joints  in  the  true  plane 
of  the  face.  No  objection  was  made  to  havlns  the  convexity  of 
a  stone  project  beyond  this  plane,  but  no  stones  with  concave 
faces  were  permitted  (n  the  face  of  tbe  dam.  Tbe  upper  ID  ft.  of 
the  down-stream  face  were  laid  in  the  same  manner,  but  tbe  rest 
of  the  down-stream  face  was  laid  In  roush  steps  wltb  half  the 
step  Inside  and  half  outside  the  theoretical  plane  of  this  face. 
The  stones  In  both  these  faces  were  laid  to  break  Joint  and  were 
well  bonded  Into  the  body  of  the  dam.  In  the  body  of  the  dam 
but  little  attention  was  paid  to  the  bond  of  the  work,  the  Irregular 
■tonee  Insuring  this  without  elTort,  but  every  precaution  was  taken 
to  Insure  the  fiUlnK  of  volda  To  this  end  the  mortar  was  used 
very  wet,  even  sloppy,  and  the  chief  rule  observed  was  that  there 
Bhould  Orst  be  placed  a  large  excess  of  mortar  of  which  tbe  larcest 
possible  percentage  was  to  t>e  displaced  by  rock.  In  setting  tbe 
large  rock,  a  bed  was  prepared  with  spalls  and  mortar,  and  then 
a  considerable  excess  of  mortar  was  placed  on  the  bed.  The  rock 
was  then  slowly  lowered  and  settled  on  the  bed  by  working  It  wltb 
bara  The  excess  mortar  would  ooxe  from  under  the  rock  which 
would  then  float  upon  an  even  layer  of  mortar,  filling  all  Um 
■paces  under  it  During  this  operation  tbe  inspector,  either  stand- 
ing upon  Che  rock  or  having  his  hand  upon  It,  can  tell  If  the  rock 
Is  riding  or  rocking,  and.  If  necessary,  has  the  rock  raised  and  the 
bed  readjusted.  The  large  recks  were  set  as  close  as  possible  to 
each  other  without  being  In  contact,  the  intervening  spaces  being 
filled  with  mortar  and  spalla  In  this  work  the  masons  were  not 
permitted  to  aandvlch  the  spaJIs  between  layers  of  mortar,  but 
were  required  first  to  All  the  space  with  wet  mortar  in  which  the 
Spalls  were  submerged,  dl^lacing  as  much  as  possible  of  the  mortar. 
While  it  was  the  Intention  to  have  the  masonry  brought  up  Id 
horlsontal  benches  extending  the  full  length  of  the  dam.  the 
exigencies  of  the  work  prevented  tbts  and  tha  middle  portlcm  of 
the  dam  was  completed  first.  stan>lng  off  toward  each  end.  Tha 
average  rate  of  progress  was  SO  en.  yds.  of  maaonrr  par  day  at 
ten  houra    Tbe  best  monthly  rata  was  S.ITO  m.  yda  during  Jotr, 
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IMt,  averaalDK  Si  cu.  Tds.  for  a  ten-hour  day,  or  41.6  yds.  of 
maaoory  per  ten-bour  day  tor  a  sliiKle  derrick,  Includlnx  the  Urn* 
bwt  Id  roovtoK  and  reaettlnz  derrlcka.  During;  this  moDlh  Um 
averago  dolly  lorca  employed  waa  as  follows:  In  liie  quarry,  21.S 
raan.  1^  engine  runners,  and  one  derrick;  In  acreenlng  and  baul- 
tag  sand,  t.Z  teams  wltli  drivers,  and  3.2  men;  In  mliins  and 
d^verlns  mortar,  t  men ;  In  laying  masonry,  3.G  masons.  (.6 
lielpera,  2%  engine  runneri,  and  t  derrlcka. 

The   following   were   the   average   wages   paid   per   10-far.   Stcy: 
,  12.50;  masons,  fE.OO;  mason^  helpers.  ti.ZS  to  |2.B0i 
I.  tS-OO:  common  labor.  fS.lS. 
The  actual  cost  of  Ihe  masonry  waa  as  toUows ; 

PerciLFd. 

0.tES   cu.   yd.   solid  rock,   11.96 1  1.28 

0.34g  cu.  yd.  mortar  (not  Incl.  cement),  al  1193.      S.I7 

0.613  bbl.  cement,  at  t3.E8.  delivered l.lt 

l&bor  laying  1  cu.  yd I.ll 

Total    I  B.ZB 

The  solid  rock  waa  quarried  and  delivered  for  tl.9S  per  cu.  yd, 
(solid).  Itemised  as  follows; 

(s^UdJ. 


Quarrying  and   Delivering: 

Conunon  labor  

Engine  runners  

Coal.  16  per  con 


14).. 


i.as 


General   expmses   . 

Total  per   cu.    yd.    (solid) *  1.96 

This  Is  equivalent  to   tl.ZS  per  cu.  yd.  measured  ID  the  dam. 
The  cost  of  securing  the  sand  and  mixing  the  mortar  was  as  fc 
lows  per  cu.  yd.   of  mortar : 

^pOTCU.jd. 


Blacksmith    _,  , 

General  expense,   sand   pit,... 
Labor  mixing  and  delivering. . 

Fuel,  18  per  ton 

Inteiest  and  depreciation  o 
General   expense    


plant  (1820) 0.1! 


B  as  follOTvs  per  t 


Labor,  masons  and  helpers 

Engine  runners   

Fuel,  IS  per  ton 

Btacknnlthlng    

Interest  and  depredation  on  plant  (13,000). 
General  expense 

Total   

The  Interest  and  depreciation  on  the  plant  wa 
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10%  at  the  OrBt  co*t  Of  tlie  plant.  The  fuel  was  eBtlmated  on 
the  basis  o(  G  lb*,  of  cool  per  horse-power  hour  of  actual  workltig 
time  tor  the  nominal  horse-power  of  Che  enslnes.  As  a  matter  of 
fact,  a  large  amount  of  cord  wood  was  used  Instead  o(  coaL 

Coat  of  Maaonry,  New  Croton  Dam. — This  dam  was  built  of 
gneiss  (&  granitic  rock),  and  the  average  cost  to  the  contractor 
durloK  the  years  1B9T  to  190E  was  about  as  follow!  for  the  rtihble 
mtUonr; ; 

.  Per  cu.  yd. 
O.flB  hbl  cement,  at  II.8B 11.76 

r.rrylns  %  cu.  yd.  solid  stone,  at  fl.GO l.OD 
d,  U  cu.  yd.,  at  tn.»l) 0.t« 

Labor  larlnE  masonry 0.90 

Pumpins   ■ 0-10 

Plant,   roads,  etc 0.60 

General   expenee,   2%    estimated O.IO 

Total     I4.TS 

In  quarrying  about  ZG%  of  the  rock  was  wasted. 

In  laylnK  the  masonry  cableways  were  used  for  about  half  tba 
yardaKG,  and  steel  towers  with  derricks  were  used  [or  the  other 
half. 

Some  of  the  face  atone  was  dressed.  The  rough  pointing  of  t8,00O 
sq.  It.  coat  %0.tO  per  sq.  ft.  The  t-cut  ax  work  on  S4,0D0  eq.  ft. 
cost  fl.zn  per  sq.  ft 

Cost  of  a  Rubbre  Dam.— This  dam  was  built  In  18BS  by  contract, 
under  the  direction  ol  Hr.  Oeorse  W.  Rafter,  across  the  Indian 
River,  Hamilton  County,  N.  T.  The  main  dam  was  7  (t.  wide  on 
top,  47  ft  high,  is  ft  wide  on  bottom,  and  400  ft  long.  The  face 
masonry  was  dressed  to  lay  l^-ln.  Joints.  The  backing  was  large 
Irregular  rubble  stones  laid  In  beds  of  1:3^  mortar,  and  the 
vertical  Joints  filled  with  1  -.SM  -.TA  concrete.  No  attempt  waa 
made  to  keep  separate  accounts  of  the  face  masonry  and  the  back- 
ing, but  it  was  estimated  that  27%  of  the  dam  was  mortar.  The 
■tone  was  a  pink  synetic  granite,  quarried  GOO  ft,  from  one  end 
of  the  dam.  There  was  do  dlSlculty  In  quarrying  regular  blocks 
for  the  face.  The  sand  was  loaded  upon  a  scow  holding  30  cu. 
yds.  and  hauled  2  miles  down  the  river.  A  foreman  and  <  men, 
by  using  a  windlass,  rope  and  sail,  handled  the  scow.  They  loaded 
and  delivered  T2D  cu.  yds.  of  sand  and  ISO  cords  of  wood  per  month, 
at  a  cost  of  about  }31D.  Wages  of  common  laborers  were  |1  a 
day  and  board,  and  It  Is  probable  that  the  board  cost  |O.BD  per 

The  Dlant  to  build  the  dam  coat  tlO,S40.    The  actual  cost  of  the 

Labor  clearing  SB  miles  of  margins,  1,160  acres. 113.000 
Hauling  cempnt  and  supplies  22  miles 6,831 


Prelght,  cement  and  supplies,. 
Bam  account  (tenms  owned  b: 
Stone,  cement  and  oilier  mate 

Labor  (not  Including  clearing) -.. 

General  expense   ».<01 


uaiii  =.->" V B  owned  by  contractor)  ... .        72B 

Stone,  cement  and  oilier  materials 18,810 

Idbar  (not  Including  c 
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InUrsst    1,1B0 

Insuronce   l.JaS 

Depteclatlon  of  plant,  eat,  SSfS. a.*60 

Total    JBT.OOB 

TiM  "Keneral  ezDoise"  lacludea  caSer-dammlnB  and  pumplnB. 
«r«cllnK  and  wreckluK  the  olant,  etc  The  time  occunled  In  dotns 
ths  woi^  wa«  1  moDtbs. 

In  July  and  Ausuat,  when  the  work  waa  well  under  way,  the 
COM  of  the  masoDry  was  *ery  low,  and  averaKad  as  follows ; 

Per  ou.  yd. 

QnarrylnB  face  atone   {not  Ind.  backloE) f 0.3G 

Idiior  laying  masonry   0.G3 

lAbor  polatlnK  manonry  <>-1S 

Mixing-  mortar  and  concrete,  and  cniBhlng 0.20 

Cement   Z.OO 

Band  0.16 

Ofloeral  expense  and   BuperlnteDdence 0.27 

Total    I3.6B 

In  addition  to  thla  there  was  the  coat  of  quarrying  the  atone  tor 
the  badUng ;  but  this  atone  waa  paid  for  aa  excavation,  so  It  la  not 
iDclnded  above.  Durlns  July  and  AujruHt  this  excavation  coat  4S 
eti  per  cu.  yd. 

It  will  be  noted  that  the  accounta  were  not  well  kept.  Cor  no 
Matement  Is  given  of  the  proportion  of  backing  to  face  atone.  The 
quarrying  ot  the  face  atone  doubtlesB,coHt  several  dollars  i>er  cublr 
yard  of  the  face  atone.  althouKh  It  amounted  to  only  }0.3E  per  cu. 
yd.  when  distributed  over  all  the  masonry.  Nor  Is  It  stated  what 
the  dressing  cost  From  measurements  on  a  drawing  of  the  cross- 
section  of  the  main  dam.  I  estimate  that  It  runs  29  cu.  yds.  of 
masonry  ner  tin.  ft.,  of  which  about  30%  Is  (ace  stone,  If  we  allow 
a  depth  of  SU  ft.  of  face  stone  extending  Into  the  dam:  but  In 
the  lower  third  of  the  dam,  where  there  Is  great  breadth,  the  face 
•tone  would  not  be  more  than  20%  of  the  total  masonry,  and  at 
the  bottom  only  15%.  Hence  If  the  work  In  July  and  August  waa 
In  (he  lower  part  of  the  dam,  aa  It  doubtlesB  was.  we  must  multiply 
the  SO.  35,  above  Kiven,  by  at  leaM  5  to  secure  an  apptoilmate 
estimate  ot  the  cost  of  quarrying  a  cubic  yard  of  face'  stone.  In- 
deed. It  Is  Ukelr  that  the  cost  of  face  stone  was  more  than  G  times 
IB.3S  per  cu.  yd. 

I  have  gone  Into  theae  details  for  the  purpose  of  showing  how 
lllUe  value  there  often  Is  In  published  cost  records,  because  of  the 
failure  ot  englneera  to  keep  their  cost  records  properly.  The  wages 
at  auarrymen  and  maaons  are  not  given. 

Data  on  Laying  Masonry  With  a  Cablewsy.— Ur.  Spencer  Miller 
glvea  the  following  data,  on  the  use  of  cableways  for  laying  ma- 
sonry. The  Basin  Creek  Dam  for  the  wa.ter-worka  of  Butte,  MonL. 
Is  IZO  ft.  hlgb.  and  300  (t.  long,  designed  by  Mr.  Chester  B. 
Davia.  A  cableway  SOZ  ft.  between  towers,  spanned  the  dam  and 
the  quarry.  No  derricks  were  used  on  the  dam,  (or,  by  using  a 
nubblng  post  and  a  horse,  the  stones  could  be  awun^  where  desired. 
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In  16  dnya  a.  KanK  ol  8B  men  quarried  and  Iftld  1,410  cu.  yda.  of 
mawnry.  Thla  ganc  Included  e  maaOBM,  auarrymen,  firemen  and 
all  laborers  about  the  dam  and  camp.  These  six  nkaaons  averaKcd 
IS  cu.  yda  of  maxmry  each  per  day. 

At  Bochester,  N.  Y.,  two  cableways,  ald«  by  side  and  60  ft. 
apart,  were  used  to  erect  a  stone  arch  brlds*  ttO  It.  Ions  and 
towers  &0  ft.  hlsh.  A  lO-hii.,  8)4  X  10-ln.,  enxine  was  used  tor 
each  cableway.  Stones  were  laid  between  the  cableways  by  hitch- 
InK  tbe  holathig  llnea  of  both  cableways  to  the  some  stone.  To  lay 
the  masonry  piers  a  frame  was  used  which  straddled  Che  piers  and 
OD  top  of  which  a  traveler  was  used  to  place  the  stone  as  fast 
a*  It  was  delivered  by  the  cableway.  After  a  pier  was  completed 
the  Irajnework  and  traveler  were  lifted  by  the  cablewajiB  to  Ui« 
site  of  the  n^it  pier,  In  less  than  10  mlnutea  The  center*  for  th« 
arches  were  lifted  Into  place  by  the  cablewaya  This  hl^way 
bridge  contained  2,200  cu.  yds.  of  masoory  lb  piers  and  arches, 
2,273  cu.  yda  arch  sheetlns,  2,SSD  cu.  yda  concrete  «>andrel  back- 
InK  and  SlO.OOO  Iba  of  Iron  work;  SEO  Si  of  lumber  were  used 
In  the  centers- 
Cost  of  Masonry  and  Timber  Crib  Oam.— Mr.  Maurice  S.  Fark^ 
Blvea  data  on  the  Black  Sa<Ie  Falls  Dam,  Missouri  River,  Great 
Falls,  Mont.  The  work  was  done  by  day  labor  (Apr.  Id,  1890,  to 
Jan.  6,  1891)  under  Mr,  Parker's  supervlBion.  wages  being  as  fol- 
lows: Common  labor,  |2;  stone  masons,  H;  carpenters,  |3-60t 
t2.2E ;  stone  cutters,  |4.G0 ;  quarry  foremen.  (3.60 ; 
.  foremen.  tS ;  stono  cutter  foremen,  tS ;  carpenter  fore- 
men, 16. 

The  stone  was  a  red  sandatone  welshlns  ISO  to  ITO  lbs  (soma 
specimens  178  lba>  per  cu.  ft.,  and  was  quarried  from  Che  bed  at 
the  river,  the  average  haul  being  500  ft.  on  push  cars.  The  stone 
occurs  In  vertical  strata  1  to  4  tc  thick,  the  bedding  planes  makins 
an  angle  of  45°  with  Che  current.  Timber  wus  delivered  near  the 
gate  chambers.  Cement  used  was  Milwaukee  and  Buffalo  mixed 
I  -.2.  Forllend  cement  was  used  In  freezing  weather  and  gave  per- 
fect satisfaction,  being  now  as  hard  as  atone.  The  following  table 
gives  ttie  cost  of  the  labor  In  construction,  Including  all  handlins 
of  materials  after  unloading  from  cars: 

Cost  of  labor. 

4.600  cu.  yds,  first  class  rubble,  at  I6.B8 130,438 

1,500  cu,  yds.    cut   stone  masonry,   at   118.40 24,(00 

&,OU0  cu.  yda  dry  stone  flllins  In  cribs,  at  12.10 lO.EOO 

10,000  cu.vdaexcav.,  half  rock,   half  earth,  at   ll.OT lO.TOO 

1,200  M  timber  In  cribs,  at  110.85 1J,0!0 

lOO  M  timber  In  gntes  and  chambers,   at   138.71 1,378 

Engineering  expenses,  12  mos E,R0O 

Total  cosC  of  labor 198,630 

The  expense  of  false  work  of  all  kinds,  such  as  cofterdama.  tram- 
ways, etc.,  amounted  lo  b%  of  the  total  cost  and  Is  divided  propor- 
tionately between  the  classes  of  work  above  given.  The  cost  at 
labor  on  timber  in  gates  and  chambers  Includes  the  cost  of  placing 
all  Irons  and  gearing.     Tbe  total  coat  of  the  dam  was  1175,000. 
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ttwTnJing  materialK  labor  and  •aloiiea.  Abont  10%  of  tho  rubbU 
waa  broken  range  taoed.  Tbe  cut-atone  maaoiirr  mu  laid  wttb 
doM  tMda  and  lolnta 

Tba  'minimum  How  of  the  rlv^  ta  4,000  oo.  ft.  p<r  Ma  Th* 
Knnso  deptb  ol  water  was  Z  tu  when  work  waa  beKim,  taut  It 
waa  very  >wUt  aa  the  n^lda  at  the  site  of  the  dam  had  a  tall  of 
S  ft.  In  a  100  ft.  DurlnK  June  flooda  the  depth  waa  0  ft  Tbo 
crib  dam  la  T4S  ft.  lonK,  and  the  canal  and  gataa  oocupr  an  oddl- 
tloDal  width  of  SB  ft.  The  averaxe  heWit  of  the  dam  la  14  tL. 
reatiiiK  on  a  l«d«e  of  aandatone.  The  longitudinal  tlmbera  of  th» 
crib  are  nnced  B  ft.  c.  to.  c  The  bottom  tlmbera  were  cut  ta 
fit  Cbe  rock,  bedded  In  cement  mortar  and  drift  boltwl  to  plun  of 
weod  driven  Into  holea  drilled  In  the  ledge  rock. 

Tba  work  waa  beaun  on  the  north  aide  of  the  river,  a  abear  dam 
belnx  Brat  built  to  divert  the  atream  from  the  dam  alta  Thla 
abeer  dam  oonaiated  of  wooden  horaea  plaMd  8  ft.  apart,  with 
■tiiDg«r«  of  4-ln.  filank.  A  toeing  of  2-in.  tongue  and  grooved 
planks  waa  Dlaced  on  the  ui>'Btre>m  lege  of  ^he  horaea.  and  a  row 
of  aand-tUlad  baga  placed  at  the  toe  of  the  planka  There  wsa  a 
little  leakage,  and  the  leakage  water  waa  diverted  by  a  aecood 
row  Of  Band  baga  parallel  with  the  flrat  row,  and  a  short  diatance 
down  atream.    'Hiia  aheer  dam  wlthatood  a  flood  B  ft.  deep. 

On  the  aouth  aide  of  the  river,  which  waa  deeper  and  awlft«r,  It 
wtw  neceaaary  to  aink  anall  triangular  etone-niled  crlba  to  aup< 
port  the  wooden  horaea  for  the  aheer  dam.  Thete  crlba  were  of 
4-ln.  plank  with  fl-ln.  poatlt  each  holding  1  cu.  yd.  of  itone,  and 
were  placed  g  ft.  apart,  each  crib  aupportlng  •  horaa.  At  tlmea 
tbe  depth  of  water  against  thla  abeer  dam  wa*  IE  ft,  but  the 
leakage  was  eaally  eleared  with  liand  pumpa 

To  close  tbe  long  gap  between  tbe  two  ends  of  the  dam,  irooden 
Iwraee  were  placed  B  ft  apart  with  a  foot  walk  of  4-ln.  plank  on 
lop,  and  heavy  tlmbera  to  hold  the  horaes  down.  From  thla  tern- 
pofary  bridge  a  second  tier  of  liorse  benta  was  placed  ( 8  f c  c.  to 
C.)  on  the  up-atream  aide,  connected  with  4-Id.  strlogerB  and 
aiieeted  with  4-ln.  plank.  The  dam  waa  Intended  to  break  the  force 
of  the  current,  which  it  did  admirably.  The  leakage  waa  taken 
care  of  In  aectlona  by  amall  ahaer  dama  built  of  matched  plank,  and 
by  tbe  uae  of  aand  bags.  Every  48  ft.,  an  openlnE  of  14  fL  waa 
left  la  tbe  crib  dam  which  waa  uaed  aa  a,  temporary  alulceway 
irtien  the  cofferdam  waa  removed.  Tbeae  gapa  were  aubaequently 
cioaed  with  planka,  and  tbe  crlbwork  with  Ita  atone  fUlIng  built  In. 
Coat  o(  Uaying  Maaonry,  Dunnlnn'*  Dam, — Mr.  B.  Sherman  Gould 
la  authority  tor  the  following  data  on  The  I>unnlng'«  Dam  near 
Scranton,  Pa.  The  dam  la  maaonry  on  a  concrete  foundation,  built 
by  contract.  The  atone  for  the  maaonry  waa  a  conglomerate  laid 
In  awlmmlng  bedi  of  mortar.  On  one  occaalon  one  foreman,  8 
maaona  and  about  9  helpera  laid  nearly  GOO  cu.  yda  of  rubble  In 
7S  bra.,  ualng  a  double  drum  engine  and  derrick.  Thla  la  equivalent 
to  8.2  cu.  yda  per  ID-hr.  day  per  maaon.  On  another  occasion, 
another  foreman,  7   maaona  and  S  or  >  helpera  laid  376  cu.   yda. 
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In  T  days,  or  7.6  cu.  ydi.  per  maaon  per  day.     Thla  trta  vory  rapid 
wofk  In  both  caow. 

Coat  or  QuBrrylno  >nd  Liylng  ■  Llmeiton*  Wall. — Mr.  Junes  W. 
Beardsley  ia  authority  for  Che  lollowlnK  data  on  the  cost  ot  quarry- 
IDK  and  laying  Umastona  for  retaining  walla  on  the  Chicago  CanaL 
The  contractora  selected  parts  of  the  canal  wh«ra  the  limestona 
occurred  In  strata  and  were  uniform,  so  that  the  beds  of  the  stona 
ijuarrled  required  no  dreasbiB.  The  stone  was  laid  In  coursea 
averaging  about  16  Ins.  thick,  the  better  stone  being  selected  for 
the  face  of  the  wall.  Gur  derrlcka  having  a  capacity  ot  e  to  10 
tons,  boom  to  to  60  ft.  long,  operated  by  a  holating  engine,  were 
used  for  loading  the  stone.  Black  powder  waa  used  to  shake  up 
the  ledges  and  the  stone  was  then  barred  and  wedged  out.  The 
coat  per  cu.  yd.  la  the  average  of  33,B00  cu.  yds,  measured  In 
retaining  walla  The  mortar  was  only  1*14%  of  the  wall,  indicat- 
ing an  unusually  even  bedded  stone  that  aciuared  up  wfdl.  Tho 
coat  does  not  Include  general  superintendence.  Installation  of  plant, 
plant  rental,  powder,  material   for  repairs,  and  cost  arising  from 

Mr.  Beardsley  1ms  evidently  divided  the  number  of  working  days 
credited  to  each  class  of  men  by  the  total  number  ol  days  worked 
on  the  job,  which  results  In  giving  fractions  of  daya  labor  In  the 
following  typical  force: 


Quarry  force: 
1  foreman,  at  tS.SO. . . . 

-    -1,  at  *1.6 

,   at  11.6. 


8.42  quE 

1.10  engmejneii,  ut  f4.ii» v.uva 

2.ZS  laborers,  at  11.50    0.080 

0.31  waterboy,  at  11.00   O.OOT 

0.27  blackamlth,   at  |2.60    O.OU 

0.18  blacksmith's  help,  at  tl.TE    0.007 

0.36  drill  runner,  at  f  2.00 0.021 

0.07  drill  helper,  at  »1.60 0.002 

O.Oi  watchman,  at  |1.60    0.001 

0.2B  team,  at  (3.50 0.028 

1.12  derrlcka,  at  11.36 0.040 

0.36  drill,  at  tl.l6    0.016 

Total  quariy  fores  »0.T(! 

Wall  force: 

I  foreman,  at  M.2S   tO.llS 

'  *"  — sons,  at  IS.60  .  "•" 
sonf  b  ' 


.46  mason?  helpers,  a.  , 

.81  mortar  mixers,  at  fl.60.. 
,66  mortar  laborer,  at  I1.6S  ■ 
.82  hod  carrlera.  at  |1.50, . 


O.OTS 
O.OiT 
0.07t 
0.071 
0.064 
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ThU  mil  force  Of  It  men  laid  87  cu.  yda.  per  10-hr.  dar.  eacb 
maKiD  averasliiK  8.8  cu.  yOe.  The  ratea  lor  derricka,  etc,  apply 
to  the  co>t  of  Cu«I,  at  fZ  a  too.  The  wall  denickB  were  HtUI-leKE, 
bavins  txKxaa  10  ft.  long,  and  were  moved  on  a  track  parallel  with 
tbe  walL 

Work  waa  done  betweeo  Sept.,  lS9i,  and  Oct,  1B9I,  With  a  plant 
bavlDK  a  total  value  of  130.200.  The  total  coat  of  the  maaonry  waa 
as  folloWB: 

Quany  force   lO.Tt 

waU   force   , l.OS 

Sand,  at  fl.SS  per  cu.   yd 0.13 

CaneDt,  at  00  eta  per  bbl 0.24 

Total I2.1B 

Celt  of  a  Masonry  Wall,  Including  Excavation.*— The  work  was 
done  In  Seoteiiiber.  189fl.  and  conalated  of  the  construction  of  a 
TctafniDE  wall  at  Che  roond  house  of  the  Detroit,  Lanslnx  and 
KortheTD  R.  R..  at  Grand  Raolds,  Ulch.  The  contractor  furnished 
the  labor  onlr,  tbe  material  being  furnished  by  the  railroad  com- 


Fig.   1.    Masonry   Abatmeot. 

pany.  The  wall  waa  built  In  the  shape  ^own  In  FIk.  1,  as  It  waa 
desired  to  utilize  It  oa  the  foundation  for  a  future  extenston  of 
tbe  round  house. 

Bxcavotioi*. — The  excavation  was  nearly  all  (rtllf  clay  wltb  atone 
and  amoll  bouldere^  thus  maklnK  hard  dlggluK.  Almost  all  of  the 
excavated  matter  waa  handled  twice,  cast  out  on  the  Ki'ound  and 
then  loaded  on  flat  cara  The  time  Klven  lor  excavation  includes, 
perhao^  alz  or  eluht  dollars'  worth  of  time  spent  In  moving  cara 
In  all  of  the  work  the  contractor  was  conalclered  as  a  foreman  and 
waa  allowed  «0  cents  per  bour  for  tbe  time  he  himself  actually 
worked.  Id  all  of  the  cases  the  foremen  hours  are  for  tbe  hours 
daring  which  actual  work  was  done  by  them.  That  la  to  say.  the 
foreoian  not  only  acted  aa  overseer,  but  also  did  actual  work,  exca- 
vating,  laying  stone,   etc. 

The  coat  of  the  excavation  work  waa  aa  follows: 

Foreman.  33  hours,  at  40  eta  per  hour 813.20 

Foronan,  104  houra,  at  22U  cts.  per  hour 23.40 

Laborer,  2S5  houra  at  12^^    eta  per  hour 36.03 

Total    -. 172.23 

'Sntrtneerhig-CimtTautinff,  Hay  30,  laoft. 
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A.  total  of  161.1  cubic  rarda  waa  ezeavsted  at  a.  con  of  10.41 
per  yard.     The  contmct  nrloe  at  which  the  work  was  let  waa  tO.lC- 

Roofe  fitUng, — In  hack  flllliui  the  earth  ffoa  wheeled  trom  thft 
flat  can  and  olaced  back  of  the  wall.  A  amall  amount  of  earth 
waa  cast  in  dlrectljr  from  the  bank.     Th*  coat  ot  thla  work  waj 

Foranan,   4  houra  at  to  eta   oer  bour fl.tO 

Foreman,  11  hours,  at  ZZ^  eta  per  hour SAI 

laborer,  ii  hours,  at  12H  cts.  per  hour fl.EO 

Total   " tlO.SS 

The  back  BlllnR  amounted  to  tZ  4/lQ  cu.  yda,  and  this  was  don* 
at  a  cost  of  tO.lT  per  cubic  yard.  The  contract  price  waa  (O.ZG  per 
cubic  yard. 

Concrete. — The  proportlona  for  the  concrete  were  1:2%  :B,  Akron 
(natural)  cement  being  need.  All  conditions  were  favorable  Cor 
lair  work.  It  was  found  that  1  cu.  yd.  of  concrete  was  equivalent 
to  ZS.S  cu.  ft  of  materioL  coniDosed  ot  3.6  cu.  ft.  cement  (1  1/10 
bbl.),  8.4  cu.  ft.  sand  (2  T/ID  bbL>  and  IT.S  cu.  ft.  broken  sUhm 
(BH  bbl.). 
The  cost  of  IGK  cu.  yds.  ot  concrete  was  as  tollowa: 

Foreman,  14  houra  at  40  eta  per  hour t  E.SD 

Foreman,  20  hours,  at  Z2^  eta.  per  hour 4.G0 

Laborer,  49  hours,  at  12  M  ctS.  per  hour t.11 

Mason,  2  hours,  at  S6  eta  per  hour TO 

Total    tlt.*l 

A  total  of  16^4  eu.  yda  concrete  was  prepared  at  a  cost  of  (l.Of 
per  cubic  yard;  the  contract  price  was  |t.00  per  cubic  yard. 

Stone  iMying. — In  the  stone  laying,  Petoakey  limeatane  was  used. 
The  limestone  welched,  accordluK  to  car  welghtB,  5.S  tons  per  cord, 
equal  to  93  Iba  per  cubic  foot  of  piled  stone.  Conditions  were  fair 
for  srood  work.  It  was  here  found  that  1  cu.  yd,  rubble  masoDTT 
required  O.ZG  cord  stone,  0.22  cu.  yda  sand  and  0.S4  bbl.  cement. 
Akron  (natural)  cement,  one  barrel  contalnlnc  2H  cu.  tL.  wa* 
used  and  the  mortar  was  mixed  In  the  proportions  OC  l!l.  In  tiM 
force  account  Klven  below  the  foreman  laid  stone,  and  all  othar 
foreman  hours  are  for  actual  work. 

The  cost  o[  laying  the  82.2  cu.  yd*,  of  rubblo  Is  diown  Id  tbe 
following  table: 

Foreman,  TS  houra  at  40  eta  per  hour tSl.IO 

Foreman.   SO  houra  at  22^  eta  per  hour 18.11 

Mason.  41  hours,  at  3S  eta  per  hour 14.S1 

Laborer,   IBS  hours,  at  12^  eta.  per  hour 21.00 

Total   ,184.83 

A  total  Of  82.2  cu.  yds.  of  wall  was  built,  the  labor  coat  per 
cubic  yard  being  fl.OS ;  tbe  contract  price  waa  at  fl.lt  per  cublo 

If  the  full  coat  of  the  plant  la  charged  to  tlM  work,  anotbw 
SS  eta.  per  co.  yd.  must  be  added  for  plant. 
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Tha  mortar  waa  mixed  1  : 1,  and  LonLnlUe  (natuial)  oement 
waa  used,  each  bax  tMliw  called  2  ca.  ft 

Tha  wall  av«ia«ed  14  ft  bitfi,  and  waa  1  ft  wldo  lor  the  uppar 
8  ft.  then  it  wMeaed  to  12  ft  at  tb«  baaa  It  waa  laid  In  couraea 
13  to  IS  Ina.  thick. 

Coat  of  Laying  Bridge  Plar  Maaonry^-Mr.  Quatave  Kaufman 
Klvea  the  followlDn  data  on  the  abutments  and  piers  of  a  blKtiway 
bridse  acroaa  ttie  Ohio  River  at  ClnclnnaU.  Ttie  total  lenxtb  of 
the  bridan  la  2.IGS  ft,  with  a  14-ft  roadway  and  two  I-ft  alde- 
walka.  Tbew  are  two  abutmenta  nine  maaonry  pler^  of  which 
four  Dlera  are  founded  on  llmcBtone,  and  Ave  on  pllea  There  are 
it  pedeatala  for  the  Bteel  viaduct  approachea  The  center  apan  of 
the  bridge  haa  a  clear  height  of  102  ft  above  low  water.  Work 
on  the  aubatructura  waa  besun  May  1,  1890,  and  floods  caused  many 
delaya,  ao  that  the  bridge  wai  not  opened  till  Aub-,  IStl. 

Lonlavllle  cement  was  uaed  throuKhout,  except  Portland  cement 
for  pointing.  Plera  Noa  l,  3.  3  and  9  are  Ohio  River  freeatone, 
with  a  backing  of  freeatona  Where  pile  foundatlona  were  used, 
the  heads  of  pllea  were  Imbedded  In  S  to  4ti  ft  of  concrete  foun- 
dation. Plera  4  to  S,  indualve,  are  of  Bcrea  sandstone  with  a 
backing,  or  hearting,  of  concrete,  up  to  the  t»elt  course,  above  which 
the  masonry  Is  Ohio  River  freestone  entirely.  The  dimenslona  of 
the  Diers  are  ahown  In  Table  1- 


Under 


Square  shaft 
Circular  shaft 


i,s;4.i 

1,293.3 


Note. — Pier  No.  3,  height  Includes  caisson.  The  coping  of  all 
piers  was  Bedford  oolitic  ilmeatona  IS  lna  thick,  except  for  plera 
6  and  G  which  had  a  34-ln.  coping.  There  were  2,173  cu.  yds.  ot 
maaonry  In  the  rainns  on  both  aides  of  the  river. 

The- masonry  was  laid  with  the  helo  of  derrick  scowa  and  the 
coBt  of  laylne  the  2S0  cu.  yda  above  the  starling  course  was  11.25 
per  CO.  yd.,  Including  tha  coat  of  sand  and  cement  Tbe  cost  of 
laTlDg  tbe  aub-coping  and  coping  was  |1.4S  per  cu.  yd..  Including 
■and  and  cement  The  cost  of  laying  masonry  and  concrctft  courses 
6  to  21,  was  tl.i1  per  cu.  yd.,  including  aand  and  cement  These 
cttsts  do  not  Include  cofferdams.  Wages  were  as  follows,  per  ID-hr. 
day:  Common  labor,  31. GO;  masons  33.2S  :  stone  cutters,  tS.GO ; 
enginemen,    32.00 ;    foreman,    |4.0D. 

The  face  atones  were  laid  alternate  headers  and  atretehers,  atonea 
being  not  less  than  3^  ft  long,   dressed  to  K-ln.  bed  Jobita  and 
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%-Id.  Tertlca]  Jolnu  for  at  leaat  12  bu.  back  of  the  fac«.  Th« 
widtb  of  «acta  stODe  was  1^  times  the  depth  of  the  courae. 

The  cost  of  laylDK  Fler  G  was  |D.T3  per  cu.  yd.,  cauraes  I  to  37  : 
and  tl.ll  per  cu.  yd.,  coursea  IS  to  G1;  and  fl.lO  per  «u.  yd., 
course*  fiS  to  SB;  the  coat  of  sand  and  cemeat  Is  Included  In  >U 
COM*.     See  Tables  II  and  UL 

Cost  of  Sodom  Dam.~Mr.  Walter  HcCulloch  kIvcb  the  foUowInc 
data  OD  the  Sodom  Dam.  on  the  east  branch  of  the  Croton  River, 
N.  T.  The  dam  la  £00  ft.  Ions  at  the  codIuk.  240  ft.  lout  at  top  of 
foundation,  GS  ft.  thick  at  foundation,  12  ft.  thick  under  coplns. 
and  7S  it.  high  above  gi'Ound  lln«L  Work  was  begun  Feb.  23,  1SS8, 
and  completed  Ort.  29,  1892.  The  contractor  paid  laborers  tl-ZS 
a  day,  and  masons,  %i.hli.  There  were  SB, 887  cu.  yds.  of  masonry 
of  all  clasaea.  Ot  this  23.60S  cu.  yds.  were  rubble  IsJd  In  1 :  S 
Portland  mortar,  6.800  cu.  ydK  rubble  In  1  :  S  mortar,  780  ca  yda. 
of  sranlte  dimension  stone  masonry.  4,300  cu.  yds.  Umeatone  bee 
masonry,  and  S30  cu.  yda  of  brick  masonry.  Tbs  face  masoDryand 
brickwork  were  laid  in  1:3  Portland  mortar.  The  rubble  was 
quarried  1^  miles  from  the  dam  and  hauled  on  double  team  trucks 
carrylnK  1  to  1^  cu  yds.  per  load,  maklnK  fl  to  8  trips  a  day.  The 
rock  was  a  hard.  cloBe-sralQed  Knelss  of  Irregular  cleavaBe.  Th« 
face  stones  (4.300  cu.  yds.)  were  Quarried  at  a  limestone  Quarry 
1  miles  away  and  delivered  on  cars  of  the  N.  T.  ft  N.  £.  R.  R.  TheB« 
atones  were  cut  for  30-ln.  courses,  stretctiers  belnx  3^  ft.  long, 
and  headers  4  ft  lonR.  Dimension  stones  (780  cu,  yda)  were 
sranlte  from  WllmlnKton,  Del.  Cement  coat  from  |2.S1  to  82.51 
per  bbL  The  cost  of  the  rubble  atone  delivered  on  the  work  from 
the  quarry  was  81, 97  per  cu.  yd.,  Includlns  G  eta  Quarry  royalty. 
Rubble  stone  and  soalls  from  the  excavation  waste  banks  cost  fO.S? 
per  cu.  yd.  The  average  cost  of  rubble  stone  was  31. i6.  The 
actual  coat  of  rubble  masonry  In  1 ;  2  mortar  was  34. 4E  per  cu.  yd. 
The  actual  cost  of  limestone  for  face  work  was  39. T6  per  cu.  yd.. 
Including  1G  eta  quarry  royE,lty,  but  not  including  laying  and  mor- 
tar. The  cost  of  dimension  granite  on  the  work,  Including  dresslns, 
waa  830.08  ner  cu.  yd.  The  cost  of  the  cofter-dammlng  and  other 
work  Is  not  given. 

A  cableway  spanned  the  dam,  2-ln.  cable,  7  tba  per  (t,  667-ft. 
span,  sag  ^S  tt.  under  10-ton  load.  The  cableway  plant  cost  83.8DO. 
After  four  months'  use  the  cable,  under  a  load  of  only  S  tons,  broh« 
GO  ft.  from  one  tower,  at  a  place  where  stone  and  cementr  sklpa 
were  taken  uo.  A  new  cable  was  Installed,  the  towers  raised  10  ft. 
so  as  to  give  It  more  sag,  and  It  served  till  the  end  of  the  work. 
The  cableway  anchors  were  onk  deadmen,  t  ft.  diameter  by  10  ft. 
long,  In  trenches  In  rock  6  ft.  deep.  The  masonry  was  laid  with 
fixed  derricks  and  with  a  traveling  derrick  on  a  SO'ft.  trestle  run- 
ning Upon  a  track  of  Zt-tt.  gage.  The  lieat  month's  work  was  3,000 
CD.  yds.  laid  with  12  masons  and  three  derricks;  the  average  prog- 
ress was  1,700  cu.  yds.  per  month.  The  Giant  Portland  cement 
came  In  duck  bags  of  100  lbs.  each  <93  iba  net),  four  to  the  barrel. 
The  Union  natural  cement  came  tn  100-tb.  bags  (96  lbs.  net),  three 
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to  the  barrel.  Ttie  sand  and  consnt  were  mixed  dry  (I  tumi  with 
■hovels)  and  delivered  in  boxes  on  the  woiit  where  It  weis  wet  as 
needed.  Rubble  stones  varied  from  1  cu.  (t.  to  1  cu.  yd.  In  slie,  and 
In  placing  them  Ibe  beds  of  mortar  were  made  very  Cull  EUid  ttie 
■tone  tborooKbly  shaken  till  Qrm.  Mortar  was  filled  Into  the  Joints 
and  then  all  the  q>alls  that  It  would  take  ware  forced  In.  Care 
was  taken  not  to  build  the  rubble  up  In  coursea  In  freeilng 
weather,  above  tfi',  hot  brlno  (G  lbs.  aalt  to  1  bbL  of  water)  and 
beatad  sand  were  used  tor  the  mortar.  Salt  Eoid  sand  were  tprtnkled 
over  the  fresh  mortar  at  night.  In  the  spring  the  mortar  laid  In 
freealng  w«ather  could  be  scaled  off  1/11  to  ^  In.  deep,  but  under 
this  It  was  hard,  lu  laying  the  foundation  It  was  found  that 
vningB  of  water  woMld  waah  the  cement  out  of  the  concrete,  so  It 
proved  better  to  lay  beds  of  rubble  made  ot  mnall  stones.  The 
water  could  be  lod  around  the  rubble  and  nursed  from  place  to  place 
till  flnally  a  small  welt,  S  ft.  In  diameter  and  l  to  E  ft.  deep,  would 
be  formed  where  the  water  boiled  up.  When  the  mortar  about  each 
little  well  had  set,  the  water  was  Ijalled  out,  the  well  quickly  fllled 
with  dry  mortar,  a  bed  of  stiff  wet  mortar  laid  on  top  Eind  covered 
with  a  large  rubble  stone.  When  the  water  was  turned  tn  iHhlnd 
this  dam  there  were  no  leaka  This  was  In  a  large  measure  due  to 
the  use  ot  rich  mortar  and  careful  work.    No  cracks  developed. 

Com  ot  Dams  and  Locks,  Black  Warrior  River. — Mr.  R.  C.  Mc- 
Calla  gives  the  following  data  relative  to  the  coat  of  building 
maaonry  locks  and  dams  on  the  Black  Warrior  River,  Alabama. 
Tba  work  was  done  by  hired  labor  tor  the  government.  In  188S  to 
IgSE,  at  costs  given  in  Table  IV. 

The  stone  li  a  sandstone  quarried  near  the  locks  along  the  banks 
ot  the  river  and  In  the  river  bed.  The  stone  for  Lock  and  Dam  No. 
»  was  quarried  In  a.  reef  ]ust  above  falls  T  ft.  high.  The  quarry 
covered  two  acres,  and  was  operated  a  depth  of  12  to  IS  ft. 
<liirlng  low  water,  requiring  only  two  S-In.  pulsometer  pumps  to 
kew  It  drained. 

The  face  stone  ot  locks  Nos.  1,  Z  and  3  were  set  In  1 :  3  Portland 
tnortar  (cement  measured  loose)  ;  the  backing  was  partly  set  In  mor- 
tar and  partly  In  1 :  3 :  E  concrete.     Stllf-leg  derricks  were  used  to 

In  October,  ISOl,  200  cu.  yds.  ot  backlog  and  COO  cu,  yds.  of 
dfrnenslon  stone  were  quarried  tor  Lock  No.  I,  Black  Warrior  River. 
Tuskaloosa,  Ala.  The  stone  was  a  fine  quality  of  blue  sandstone 
4U«rHed  from  the  bed  of  the  river  at  the  f.JIa  after  diverting  the 
wstor.  The  cost  ot  quarrying  these  SOO  cu,  yds,  was  tl.BSS,  or  atraut 
f  1  per  ctL  yd.  for  the  backing  and  $2.33  per  cu.  yd.  tor  the  dlmen- 
aloD  stone.  In  this  month  Hi  cu.  yda  of  dimension  stone  were 
ent  by  stonecutters  at  a  cost  of  IB.83  per  cu.  yd.  The  masonry 
W»ll  Is  390^  fL  long,  g  Co  14  ft.  vitde,  and  34  ft.  high,  built  In 
courses  of  ashlar  18  to  24  Ina  thick,  and  about  SD%  cut  stone.  In 
October  two  gangs  of  masons,  using  two  derricks,  laid  1.E8S  cu.  yda 
Ot  Orst-class  masonry  at  a  total  cost  ot  9314  eta  per  cu.  yd..  In- 
cluding the  cost  ot  Bcrsenlng  sand,  mixing  mortar,  operating  steam 
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at   the  wall   and  convertlOK  tbttn   Into 
It  of  the  maoon  work  wa< : 

Foreinaii,   1   ma    I  SO.DO 

MawnH.    202   days  o(   8   hrs.,   at  tS.80 B8E.60 

Laborers.    t&M,    dava  of  S  hrs..  at  11.20 11.16 

Lttborera,    JTOH   liayi  at  8  hra..   at  tl.OO S7U.S0 

Idborerfl.  3GS%  daya  of  B  hrs..  at  (0.80 2SG.T0 

Laborers,   Ht^  days  of  8  hrs..  at  |0.eO 88.DE 

Boys,    sau    days  of  8   hrs.,   at  tV-lO 33.10 

Wages  paid  In   board 12.00 

PueT    for    holBla 18.1* 

Total,    at    8214    Cs-    W   «"■   yd- |1,14B.7» 

It  will  b«  noted  that  the  wages  o(  laborers  were  very  low.  Doubt- 
On  the  south  wall  of  Lock  No.  2.  Blaclf  Warrior  River,  during; 
August,  lS9i,  two  songs  of  masanii,  three  masons  to  the  gang,  with 
helpers,  laid  and  iralnted  2,3TO  cu.  yds.,  about  iD%  of  which  wa« 
dry  rubble  wall,  the  rest  belnE  dTst-cIass  masonry  Id  Portland  ce- 
ment mortar.  This  la  IB  cu.  yds.  per  mason  per  8-hr.  day.  The  fol- 
lowing Includes  the  cost  of  screening  sand,  mixing  mortar,  unload- 
ing materials  at  the  wall,  operating  steam  hoists,  fuel  tor  sani«b 
laying  and  pointing  the  masonry: 
Foreman. 


Masons,  llT>t|  days,  at  13.60.. 
Laborers.  27%  days,  at  II.SO., 
Laborers.  108  days,  at  (1.2S... 
laborers,  51014  days,  e"  •■  "" 
LAborerB.   21G  days,   g* 


Laborers,   lOi    days,    at    10. GS GS.S5 

Boys,    87?i    days,    at    10.50 ,  1S.88 

Wages    paid    In    board 100.00 

Fuel     22.TB 

Total,  at  11.6  eta.  ner  cu.  yd. tl,8SS.)l 

Cost  of  Rock-flll  Dams. — The  three  dams  on  the  Black  Warrior 
River,  bulll  by  hired  labor,  wore  of  ihe  rock-HU  type  without  mor- 
tar or  CO  re- walls.  The  down  stream  (ace  la  composed  of  larg* 
roughly  dressed  stones;  laid  In  steps  and  doweled  together.  A 
timber  crib  Is  built  into  the  upper  face  of  the  dam  and  sheatbad 
with  6iI2-ln.  plank.  The  dams  were  built  during  low  water. 
without  cofferdsmmlng.  Floating  and  statlouaiy  derrlcka  wer« 
used.  Sandstone  for  dams  Noa  1  and  2  was  delivered  by  bargA. 
and  for  No.  3  by  rail,  a  track  being  laid  on  stone-IUled  cribs  alony 
the  toe  of  the  dam.    The  coat  of  this  work  Is  given  In  Table  V. 

Crib  No.  1.       Crib  No.  2.       Crib  No.  1. 
Lumber  and  Iron  PtB.U.   81,153  (11.85  33.109   112.08  33,109  111.16 


Total tl,277 1909 11,3*0 

Note;— Crib  No.  1  ts  2t  ft  10  Ina  high,  H  ft.   S  tua  wide,  and 

90  ft  long;    Cribs  Nob.  2  and  8  are  18  ft.  8  Ins  high,  11  ft.  0  Ina. 

wide,  and  90  ft.  long.     The  cribs  are  at  I  x  S-In.  yellow  pine  with 

cross-pieces  at  Intervals  of  5   ft,  drift-bolted  togethar,  and  lllled 

with  one-man  stones 
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Com  of  LJmanona  and  Sandatona  Slop* -Wa III.— A  slope-wall  la 
procUcallr  a  Rone  block  iiavemeiit  laid  upon  a,  bIopIdk  face  of  earth 
to  protect  tt  from  eroMon.  The  "waah"  of  pasalng  boata  In  canala 
makes  necesaary  some  aucb  pratectlon  of  the  earth  In  certain 
pta^txa.  The  beating  at  wavea  upon  the  atdea  of  a  reservoir  or  imall 
lake  acta  In  a  almllar  manner,  and  a  aIope-WB.ll  la  uaually  provided 
to  realR  the  eroaioa.  The  concave  aide  of  a  river  bank  ia  occaaion- 
»llr  protected  b7  ■lop-walllng,  with  porhapa  a  line  of  piling  at  the 
to«  of  the  walL 

A  dry  alope-wall,  tt  will  be  aeen,  la  an  englneerinc  Mructure 
often  need,  although  very  IXtle  exlata  In  print  aa  to  Ita  dealgn  or 
coat  Since  the  forcea  acting  upon  a.  Blopo-wall  are  not  readily 
mcxiMrabla.  the  dealgn  la  an  art,  and  not  a  aclencs.    Becorded  ex- 


^^ 


Fig.  t.    Slope  WalL  Fig.  s. 

perlecce  of  othera,  peraonal  experience  of  the  deaignet'  and  com- 
mon aenae  abould  govern  the  dealgn. 

The  oldest  slope-walla  on  the  filiie  Canal  were  made  of  cobble- 
atonea  rammed  solidly  Into  the  bank,  and  placed  so  that  the  atones 
loured  one  another  Cobblea  for  this  purpose  were  gathered  from 
flelda  or  creek  beds,  and  ranged  In  diameter  from  1  Ina  to  12  Ina, 
tbe  average  being  about  6  or  8  Ina.  These  cobble  alope-walla,  while 
not  aa  handsome  aa  those  made  of  dressed  quarry  atone,  were  In 
tact  more  durable,  for  the  shales  and  limestone  ledges  along  the 
route  of  the  Brie  Canal  furnish  stone  more  or  leas  subject  to 
weatberlng.  Cobblea,  or  "hardheadit"  on  the  contrary,  are  often 
(lanltlc  and  always  tough. 

Slope-walla  made  of  quarry  stone  are  built  aa  abown  In  FIga.  1 
■ltd  3.  The  stones  are  spilt  with  wedges  or  plug  and  feathered, 
tben  ronghly  dressed  with  a  hammer,  and  placed  In  the  wall  on 
edge,  Jnat  am  brick  or  atone  block  are  placed  In  a  atreet  pavement. 
The  longeat  dimenaion  of  the  atone  la  laid  parallel  with  the  azia  ot 
the  canal  or  river.  In  aome  of  the  earlier  walla,  huge  alaba  of  atone 
were  laid  Oatwlse  Juat  aa  aldewalk  Bagging  is  laid,  but  such  atones 
■re  apt  to  settle  unevenly  and  tilt  up  so  that  a.  paaaing  boat  or  mov- 
ttig  Ice  will  displace  them  entirely.  Horeover  it  la  practically  Im- 
ppaslble  to  bed  very  large  atone  properly,   aince  ramming  has  no 
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effect  Experience,  therefore,  has  ahown  the  neceatlty  of  apUttlng 
up  alabs  Into  blocks  readily  laid  and  bedded  by  band ;  and  U  coats 
no  more  in  the  end  to  build  walla  In  this  way,  for  the  coat  of 
handling  with  a  derrick  and  cost  of  frequent  moving  oT  derrick 
more  than  offset  the  coat  of  apUttlng  the  atona  It  Is  custoroary  on 
the  Erie  Canal  always  to  provide  a  lining  of  Eravel  (Fl(.  1)  lNu:k 
of  the  wall.  This  lining  Berves  a  twofold  purpose:  It  makes  It 
««By  for  the  worknian  to  bed  Jagged  atone  properly,  and  It  further 
adda  to  the  projection  o(  the  aubaoll  from  waah.  Waves  beating 
through  the  Jolnta  In  the  slope-wall  strike  this  gravai  which  la  not 
easily  dlsnlaced.  and  do  not  reach  the  aubsoll  with  aufflclent  force 
to  d!v>lace  IL  It  la  my  opinion  that  thla  gravel  liniog  ta  one  of 
the  moat  Important  and  neceaaary  feature*  of  a  well-made  alope- 
wall.  Crushed  stone,  of  course,  would  serve  equally  Well  or  better, 
but  usually  the  cost  la  mora  than  (or  gravel  There  are  places 
where  broken  atone  costs  l^ss  than  gravel  and  In  such  places  It 
should  be  used. 

On  rivers  or  reservoirs,  subject  to  wide  fluctuation  In  water  level, 
the  gravel  or  atone  lining  for  the  paving  la  even  more  necessary ; 
for  there  the  surface  rain  water,  flowing  down  over  the  face  of  tba 
alope-wall.  will  cut  rivulela  beneath  It  unless  proper  lining  Is  pro- 
vided. Embankments  ara  usually  so  designed  as  to  prevent  much 
rain  water  from  flowing  over  the  slope-wall  face,  as  ahown  In  Fig. 
1,  where  the  towpatb  la  aeen  to  have  a  slope  away  from  the  canal. 
In  diking  a  river  the  same  form  of  top  slope  la  uaually  provideil 
where  a  slope-wall  Is  to  be  laid:  but  In  protecting  a  natural  river 
bank  it  Is  often  Impossible  entirely  to  prevent  rain  water  front 
flowing  over  the  fa.co  of  the  slope-wall.  Ditches  should  be  dug  to 
divert  the  rain  water,  which  la  then  carried  In  a  pipe  culvert 
through  to  the  river.  Ditches,  however,  are  apt  to  Oil  up  With 
washed- In  earth,  so  that  In  any  event  a  substantial  lining  ot 
gravel  should  be  placed  back  of  the  alope-wall,  In  order  to  guard 
against  erosion  by  rain  water.  A  thickness  of  gravel  llnInK  ot  from 
1  to  8  Ins.  will  suffice,  4  Ins  ordinarily  being  enough. 

Passing  to  the  thicknesa  of  the  atone  slope-wall  Itself,  we  And 
a  range  of  from  S  Ina  to  24  Ina  with  12  to  It  ins  moat  commonly 
uaed.  The  ChemunK  Slver.  near  Elmlra,  N.  T.,  Is  a  stream  about 
600  ft  wide  and  ZD  ft  deep  In  times  of  high  water.  At  one  pUc« 
on  thla  river  a  slope-wall  24  Ina  thick  was  built  by  the  State, 
and  a  few  miles  away  another  bad  been  built  12  tna  thick,  both  of 
a  riiatey  llmeatone.  Both  walla  have  served  for  years,  except  In 
places  where  the  piling  at  the  toe  has  l>een  undermined.  The  14-ln. 
wall  was  evidently  an  extravagant  design ;  and  not  Justified  by 
the  conditions,  particularly  as  the  lighter  wall  had  been  In  serrlctt 
some  years  before  the  conatructlon  ot  the  24-ln.  wall  waa  begun. 
Becauae  a  river  Is  occaaloually  a  raging  torrent  It  does  not  tallow 
that  the  floating  debris  or  Ice  will  displace  the  amall  stonea  of  a 
welt-lald  alope-wall,  Aa  a  matter  of  fact  each  stone  la  held  by  the 
wtight  of  atones  abovft  even  when  laid  on  a  IH  to  1  alop^  and  K 
■tone  Is  pried  out  of  a  slope-wall  with  great  dUBcnltr.     I  beller* 
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tbai  ordinary  brick  laid  dry  bm  a  aiope-wall  p&T«neiit  viU  protect 
a  river  nDbaakment  perfsctly,  pnivlded  the  nibaoU  does  not  become  - 
ondennliied.  In  Bloi>e~wa.ll  maaonry,  on  river  (Hnbankmenta  subject 
to  blows  of  Ice  and  loga,  a  Uilckneie  of  3  to  10  Ina.  BeemB  an  advle- 
able  minimum,  for  nome  eroMloD  and  settlement  of  the  subsoil  or 
lining  must  be  crovlded  (or.  On  reservolra  or  canals  a  lesa  thlck- 
neaa  may  be  used  where  blows  Irom  boats  are  not  frequent 
But  aa  above  stated  II  Ina  Is  very  often  apeciBed,  and  as  will  be 
seen  later,  It  Is  not  an  eztravOBBnt  decCh.  Having  fixed  upon  the 
depth  of  atone  to  be  used  la  the  wall  the  thlcttnesB  (or  rise)  and 
lengtb  remain  to  be  delennlned.  A  minimum  thickness  of  4  ina 
Is  usually  q>eclfled.  As  a  matter  of  fact,  except  tor  appearance 
■ake^  Iblcluieas  Is  not  an  Important  factor.  An  enKlne«r  who  is 
fond  of  seeing  coursed  masonry  will  often  require  that  the  slope- 
wall  be  laid  In  courses  of  a  speclfled  minimum  and  maximum 
thlckneaa.  It  costs  money  to  dress  the  stone  to  lay  In  such  courses, 
but  for  appearance  sake,  near  a  highway,  such  expense  may  be 
Justlfled.  Ordinarily  It  Is  not  Justldable.  Slope-walls  are  built  tor 
protection,  not  for  beauty. 

If  any  deflntte  minimum  thickness  of  courses  Is  specified.  It  should 
be  governed  by  the  stratlfled  thickness  of  stone  In  the  nearest 
quarry.  If  the  quarry  Is  thick-I>edded  limestone,  then  It  Is  safe  to 
<milt  any  minimum  thickness  requirement ;  for  to  spilt  Into  thin 
slabs  with  plug  and  feathers  la  expensive,  and  the  contractor  Will 
surely  not  split  the  stone  thinner  than  the  maximum  thickness 
niecined.  if  the  quarry  stone  le  thin-bedded,  as  shaley  limestone 
and  some  sandstones  are.  a  minimum  thickness  of  3  or  i  Ina 
may  be  named.  A  maximum  thickness  of  10  or  12  lua.  la  a 
reasonable  requirement.  A  minimum  length  of  12  Ina  Is  often 
■I>eclfled.  and  la  not  unreasonable,  for  slabs  are  readily  broken  with 
a  hammer  to  almost  any  desired  length.  There  is  no  objection  to 
■tones  up  to  S4  Ina  In  length. 

Slope-wall  paving  Is  "laid  to  break  Joint."  as  shown  In  Fig.  S, 
and  It  Is  well  bo  to  lay  it.  because  If  the  toe  Is  washed  out,  this 
breaking  of  Joint  enables  the  wall  aI>ove  to  span  the  space,  and  so 
prevents  rapid  crumbling  away  of  the  wall.  However,  spec  Ideations 
are  often  drawn  with  absurd  refinement  as  to  this  bonding:  the 
lean  admlsalbla  number  of  Inches  of  bond  Is  named,  and  altogether 
the  wall  Is  treated  as  If  !t  were  to  be  a  bridge  pier,  or  arch, 
or  other  neceaaarlly  strong  structure.  To  require  that  the  stones 
shall  be  laid  ao  as  to  break  Joint  Is  a  sufficient  requirement  for 
slope-WBll  work. 

We  come  now  to  the  feature  of  the  specifications  that  makes  a 
wall  cost  little  or  much — the  allowable  maximum  width  o(  bed  and 
end  Jointa  Specincatlons  somethnes  name  H-ln.  Joints  to  the  full 
deplll  at  each  atoDC.  Such  work,  aa  we  shall  see.  costs  twice  as 
much  as  imder  the  more  reasonable  requirement  of  l^-ln.  Joints. 
carried  back  1  tns;  from  the  face  beyond  which  the  stone  may  fall 
away  to  a  wedge  shape.  To  call  for  Joints  of  less  than  H4  Ins 
Is  Justifiable  only  where  well   coursed  slope-walling  la  desired   for 
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appearance  aake.  Wall  with  lU-lo.  maximum  Joints  •erves  the 
'  purpose  of  protection  from  erosion,  and  any  «ipMiae  Incurred  In 
better  dresslns  Is  merely  "tor  looks." 

In  laylDK  a  slope- wall,  "trames"  or  "profiled'  should  be  set 
about  SO  or  2B  tt.  apart,  as  shown  In  Pig-  4.  Stakes  are  driven  as 
Awwn,  and  a  lx4-ln.  proflle-stlck  of  timber  Is  nailed  to  the  stake 
at  the  proper  Brade.  as  determined  by  the  Y-level.  The  workmen 
th^i  stretch  a  strlns  from  the  tiottoni  of  one  frame  to  the  botlom 
of  the  next  one,  and  thus  have  a  line  to  which  they  can  accurately 
lay  the  face  of  the  slope-wall.  Never  allow  a  workman  to  attempt 
.  to  lay  slope-wall  without  such  trames  and  a  cord  to  Kulde  him; 
tor  without  such  Kutdes  he  will  surely  lay  a  wall  with  humps  and 
hollowa  Another  mint  In  practical  laying  is  always  to  Incline 
each  stone  lightly  uphill.  Do  not  try  to  set  It  exactly  at  right 
angles  to  the  surtace  of  the  groijnd.  for  an  endeavor  to  do  this  ro- 
sulta  In  a  wall  like  that  In  Pig.  i,  where  tlie  stone  are  in  Btepa. 


^© 


Fig.  4.     Profllea  PiK-  6- 

It  Is  an  excellent  plan  to  set  the  protlle  strips  exactly  13^  ft  apart, 
for  reasons  given  later  on. 

The  stone  are  (V'lt  with  plug  and  feathers  and  hammers  In  tbe 
quarry,  hauled  by  wagons  and  dumped  at  the  top  of  tha  embank- 
ment as  In  Fig.  A.  Laborers  then  throw  the  atonea  down  to  th« 
slope-wall  masons,  who  roughly  scabble  and  lay  them,  Oiling  In  tta« 
chinks  back  of  the  face  with  spalls  and  gravel  lining.  An  Intelli- 
gent laborer  can  soon  learn  to  lay  common  alope-wall.  but  skilled 
stope-wnll  masons.  If  available,  usually  lay  a  bettor-appearing  Wall 
at  less  cost.  Sharp-pointed  stones  like  A,  Fig.  t.  should  ordinarily 
not  tie  allowed ;  but  stones  like  B,  that  are  roughly  dressed,  3  to  4 
Ina  bock  of  the  face^  and  then  fall  away  so  as  to  leave  a  wide  end 
Joint  as  shown,  are  not  objectionable,  provided  Itaess  Joints  ore 
filled  with  spalls  and  gravd. 

Before  passing  to  a  consideration  of  costs,  a  word  should  be  given 
as  to  protecting  the  toe  or  foot  of  the  wail.  In  canal  work  it  Is 
customary  to  lay  a  12  x  12-In.  toe-Umber  or  stick,  as  ^own  In 
T\g.   4.      Since   timber   continually   submerged   does   not   rot    and 
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a  timber  Id  Ui«  winter  wben  canals  aro  dOMd  doefl  not 
thlB  desien  1*  not  objectionable  for  canalB.  However, 
tba  neceaslCy  of  uatng  a  toe  atlck  at  all  under  ordinary 
condlliona  In  canal  work.  In  river  work,  a  toe  itlck  reotlng  axaliut 
piles  drIvHi  &  It.  c  to  c.,  ta  often  uaed.  In  some  casee  the  toe 
stick  la  done  away  with  ouUrely  and  a  line  of  cloae-drlven  piles 
substituted,  wUch  1b  a  verr  expensive  aolutloa  of  the  problem  and 
not  altogeUier  satisfactory.  PlllnK  on  the  concave  bonk  of  a  river 
■oema  to  hasten  rather  than  retard  undennlDlng.  A  brush  mattress 
la  a  better  toe  protection  under  such  coDdltlons^  and  heavy  rl[i-rap 
la  still  better  where  the  brush  Is  alternately  wet  and  dry. 

The  followlDg  are  actual  cants  of  work  that  I  have  done.  The 
quarry  required  very  little  atrlpplns,  and  was  located  on  a  side 
bill,  2M  miles  from  the  work.  The  stone  was  a  tbln  bedded  lime- 
stone, rather  shaley,  and  was  barred  and  wedced  out  with  the  use 
of  little  or  no  powder.  There  was  very  little  plug  and  feathering 
aa  the  stone  split  readily  under  the  hammer.  Common  labor  was 
employed,  the  only  ddlled  man  being  the  foreman,  who  worked 
with  the  men. 

One  hundred  and  forty  wagon  loads  of  stone,  each  load  measur- 
IDK  2  cu.  yda  corded  upOD  the  Wagon,  and  l.Bi  cu.  yda  laid  In  the 
•lope-wall,  DiaklnK  a  total  ot  320  cu.  yda  In  the  wall,  were  quar- 
ried and  loaded  by  five  men  (Inctudlns  the  foreman)  la  20  working 
days  ot  10  hra  each,  or  at  the  rate  of  2.2  cu-  yda  of  slope-wall 
quarried  per  man  per  day.  Laborers  received  (l.GO  a  lioy  and 
foreman  fi.60,  so  the  wages  averaged  fl.TO,  which,  divided  by  2.2, 
makes  the  cost  nearly  80  eta  per  cu.  yd.  for  quajrylng  and  loading 
the  stonSi  Bach  driver  helped  load  and  unload  his  wagon,  and 
hauled  1  to  G  loads  a  day.  A  team  and  driver  received  TO  cts;  a 
lead  for  hauling  (S  mllea  round  trip)  over  a  good  hard  gravel  road 
with  no  upgrades ;  so  the  cost  of  hauling  was  about  4&  cts.  per  cu. 
yd.  of  slope-wall,  making  a  total  Ot  (1.2G  for  the  stone  delivered  at 
the  work.  A  auorry  rental  of  10  cts.  per  cu.  yd,  wa«  nald  for  the 
stone.  To  estimate  the  cost  of  loading  and  hauling  far  other  dis- 
tances the  following  observations  were  mode :  Two  laborers  work- 
ing quits  deliberately  handed  up  the  stone  to  the  driver,  who  stacked 
Hum  on  his  "stone  racl^'  (S  k  11  ft),  or  wagon  box  without  sides 
other  than  a  strip  ot  4  x  4-ln.  timber.  It  required  IS  mlna  to  load 
s  wagon  with  Z  cu.  yda  measured  on  the  wagon,  or  1.65  cu.  yds. 
In  fiie  slope-waU.  The  driver  alone  would  unload  his  wagon  at  the 
dump  In  I  mina,  by  simply  rolling  the  stone  off. 

The  team  traveled  at  a  speed  of  2^  miles  an  hour,  or  220  ft. 
a  minute^  at  a  walk,  and  generally  trotted  part  of  the  w^r  back 
to  make  up  for  lost  time  at  both  enda  With  a  short  haul,  or  over 
■oft  roads  trotting  would  have  been  out  ot  the  question ;  and  over 
very  soft  earth  roads  with  occasional  steep  pulls  a  load  halt  as 
great  as  the  above  Is  the  maximum. 

On  another  similar  contract  TGO  cu.  yds.  of  slope-wall  were  quar- 
ried at  a  cost  of  |1.10  per  cu.  yd.,  the  stone  being  a  "grit"  or 
•baley  limestone,  quarried  by  latwrers  at  tl.GO  dot  day  of  10  hra 
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The  haul  wEia  1 K  mllea  Irom  auairr  to  wall  and  t  Uipa  a  day  wsr« 
made  by  aach  team.  bauUnic  1 K  cu.  yde.  aactk  trio  aa  measured  In 
th«  walL  at  a  coat  of  15  eta.  i>er  cu.  yd.  tor  *"■'■""»  TUa  atones 
therefori^  coat  tl.45  per  cu.  yd.  delivered. 

In  laying  TGO  cu.  yda.  of  "aecond-claas"  alope-wall,  12  Ina  tliJcl^ 
joints  IK  bu-  aB  a  maximum,  stone  ollowod  to  fall  away  1  Ina. 
bock  of  lace,  not  laid  In  couraea,  but  an  excellent  wall  In  appear- 
BJica  and  la  reality,  the  coat  woa  aa  follows:  The  first  tew  dayt, 
uaing  new  hands,  Intelligent  laborers,  each  man  laid  Z>FJ|  cu.  yds.  at 
a  cost  of  eO  eta  a  cu.  yd.,  waBea  being  (l.BO  per  lO-hr.  day.  Later 
these  men  readily  averaged  3  cu.  yds.  per  day.  Some  skilled  slope- 
wall  layers  were  imparted  and  received  }2.G0  per  10-hr.  day.  These 
men  readily  laid  B  cu.  yds.  each  day.  one  laborer  to  every  four 
slope-wall  layers  acting  as  a  helper  to  deliver  stone.  Thus  tW 
cu.  yda  of  slope-wall  were  laid  In  130  layer-days  and  3G  helper- 
day^  half  .of  the  layers  being  skilled  men.  and  half  common  labor- 
era.  There  was  no  foreman  in  constant  attendance,  aa  each  man'a 
work  between  the  framea  waa  easily  measured  up,  and  his  daily 
progreaa  thus  known.  A  portion  of  the  work  was  sublet  at  EO  eta. 
per  cu  yd.  to  two  of  the  ricUled  slope-wall  masons  who  had  each 
been  averaging  S  cu.  yds.  a  day.  fYom  that  time  on  each  averaged 
7H  cu.  yda  of  wall  daily.  Bkllled  men  like  these  under  subcon- 
tract will  lay  10  or  even  12  cu.  yds.  of  a  somewhat  rougher  slope- 
wall  In  10  hrs.  On  another  contract  where  the  wall  was  18  Ina. 
thick,  4  maecms  at  f2.E0  and  4  laborers  at  (lEO  averaged  60  cu. 
yda  at  fair  slope-wall  per  10-hr.  day.  Work  whs  scarce,  and  one 
of  the  masons  was  the  aubcontractor  himself,  and  received  SO  cts. 
per  cu.  yd.  Assuming  SO  eta  per  cu.  yd.  aa  a,  fair  average  cost  for 
laying  good  "second-class"  slope-wall  and  tl-IE  to  ll.SII  for  cost 
of  stone  delivered,  wa  have  a  total  cost  of  tl.Te  to  ti.OO  per  cu.  yd. 
in  places 

The  average  contract  price  for  slope- wall  on  the  Elrie  Canal 
deepening  in  ISBg-T  was  t2.B0  per  cu.  yd,,  wages  being  as  abov* 
Kiven.  Slone-wall  laid  in  courses,  with  close  Joints  the  full  depth 
of  the  wall,  no  course  leas  than  S  Ina  thick — a  sand-papered  lob — 
was  let  for  14. GO  ner  cu.  yd.  under  conditlona  Where  tS.GO  was  a 
fair  Price  for  sood  ordinary  alone-walL  The  actual  cost  was  not 
far  below  the  contract  price  for  stone  plug  and  feathered  to  sise 
coat  delivered  }2.G0  per  cu,  yd.,  and  laying  cost  (l-SE  per  cu.  yd. 
Oravel  lining  In  both  cases  waa  paid  for  separately,  the  contract 
price  along  the  Ehrie  Canal  averaging  90  eta  per  cu.  yd.  of  llnlag 
in  place.  The  actual  coat  of  this  lining  Is  of  course  figured  as  for 
any  earthwork,  on  allowance  being  made  for  ^reading  it  on  ttae 
faco  of  the  embankment  after  dumping  It.  To  spread  It  most  ex- 
peditiously it  will  pay  to  malce  a  wooden  chute  Into  which  the 
gravel  Is  shoveled  from  the  wagontt  a  ahoveler  helping  the  drivar 
to  unload.  Two  men  will  unload  1  cu.  yd.  In  this  way  In  10  min- 
utes, if  they  work  as  they  should.  The  driver  then  has  a  rest  on 
his  return  trip,  at  the  end  of  which  It  is  well  to  provide  eui  extra 
wagtm,  which  has  been  loaded  during  hia  abaenca.     It  takes  only 
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1%  Brtwa  to  diMts*  the  team  from  the  empt;  to  tha  loadAd  wasOD. 
3inoe  1  to  1^  CO.  Tds.  of  snivel  coiuUtuta  a  load,  sliice  team* 
tnTd  US  (L  DCET  mliL,  and  >lDce  a  l»boier  can  load  IS  cu.  yds.  of 
to-tfi  In  10  bra,  we  have  all  the  tKctorii  naaeaxiTj  to  compute  th« 
COM  of  hanUns  )U>d  anloadlnS'  There  Is  very  little  work  In  ipread- 
ing  the  gravel  where  a  chute  la  used,  £  to  &  eta.  per  cu.  yd.  cover- 
ing thl«  <t*¥n 

U  good  thhi-bedded  wtdatone  or  Iimeatone  Is  not  avaJlablt^  It 
onir  be  neceaauT  to  plux  and  feather  the  stone  to  alies  apeclfled, 
snd  this  coat  majr  be  eMimaled  by  data  on  page  1S2. 

In  order  to  aecare  the  most  economic  reaults,  alope-wall  maaona 
rimdd  be  paid  on  the  bonus  n^tem.  To  do  this,  the  pronle  scrips 
an  wt  IIH  ft.  apart,  so  that  every  Uiuttl  foot  on  the  strip  means 
»  cu.  yd.  of  riope-walt.  It  the  waU  la  1  a  thick.  Each  nuson  U 
anlgned  to  <»)»  lot,  between  two  profile  strlm^  Kod  the  lota  ar« 
nniDbered  consectitlvely  with  red  chalk  marks  on  the  pasta.  Tbe 
proDle  atrlns  are  of  i  ic  4  dressed  nine,  oalnted  with  loot  marks,  •» 
Chat  a  timekeeper  can  see  at  a  glance  tbe  height  to  which  ths 
wall  In  any  given  lot  haa  reached  at  the  end  of  tbe  day.  There  Is 
no  menaorlnc  to  be  done  after  the  strips  are  nailed  in  place,  yet 
tba  UmAeeper  and  Che  masons  themselves  can  keep  a  perfect 
record  of  dally  progreas.  After  the  work  has  been  under  way  • 
*orl  time.  It  will  be  evident  that  a  laborer  to  every  two  masons, 
ms.  will  be  necessary  to  deliver  Stone  down  the  slope.  At  Qrst 
the  average  output  Is  but  little  t>etter  than  before,  but  certain  of  the 
siBsaiiB  will  do  much  better  Chan  the  average.  Their  wages  are  then 
Increaiad  and  perhaps  two  or  more  at  the  slower  masons  are  dis- 
charged. Immediately,  If  there  are  no  unions  to  Interfere,  the  out- 
put of  the  men  Increases.  At  the  end  of  a  week  I  have  hod  the 
average  yardage  Increase  G0%,  and  Individual  yardage  increase 
much  more^  the  quality  of  tha  workmanship  remaining  as  before. 
Tha  Dten  receive  hl^ier  wages  and  the  contractor  Increases  bis 
IKotlts,  iMth  by  virtue  ot  the  greater  output  and  by  reducing  the 
cost  ol  Bupervlsl<m.  I  have  been  away  from  such  work,  after 
or^nlilng  It,  for  two  weeks  at  a  time,  without  a  foreman  In  direct 
charge,  yet  the  output  has  not  faJlen  oft.  A  more  effective  plan 
than  merely  to  Increase  the  doily  wage  is  to  pay  a  bonus  per  cubic 
rard  for  every  yard  In  excess  of,  say,  B  cu.  yds  laid  per  day. 

Cost  of  Granite  Slops 'Wall'— The  cost  of  a  granite  slope-wall 
graatly  exceeds  the  cost  of  slope-wails  of  stratlfled  rock  such  as  are 
■VNcrtbtd  In  the  preceding  paragraphs,  If  any  attempt  Is  made  to 
■qoaM  the  granite  slope-wall  stones,  for  rubble  granite  stones 
must  be  plug  and  feathered  on  all  faces  to  aguara  them  up.  E^en 
where  tbe  speelflcatlons  are  lenient.  If  an  attempt  Is  mode  to  secure 
a  granite  slope-wall  with  a  smooth  face,  but  without  close  joints, 
the  cost  of  plugging  off  the  faces  of  stone  before  laying,  and  the 
cost  of  rediieing  tbem  to  a  slse  not  greater  Chan  the  thickness  of 
the  wall  *(1S  to  IS  Ids.)  Is  not  a  small  Item.  If  gronlte  boulders,  or 
■raolte  mhble  stonss  from  a  quarry,  are  to  t>e  used,  Drst  estimate 
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rouKfaly  the  avemse  Bile  of  each  atone,  then  eatlmate  the  number  of 
plug-holes  necessary  to  Hollt  It  Into  elope-wall  atonea.  Use  the 
data  on  page  192   for  estlmatlns  the  cost  of  this  plug  and  feather 

On  one  Job  of  Kntuite  slope-wall  work,  t  masona  splitting  field 
boulders  with  pluga.  and  10  laborera  laying  a  wall  18  Ins.  thick 
averaged  H  cu.  yda.  i>er  day  of  10  hrl.  (or  tH,  or  |1.70  per  cu.  yd. 
for  splitting  and  laying  the  stones.  No  attempt  was  made  ta  secure 
close  Joints  or  to  lav  the  stone  In  conraea.  Stones  were  fraquentlr 
laid  natwlse  and  bedded  !□  ^awla;  and  spawla  were  used  liberally 
between  Jalnta     The  masons  wore  raoid  workera.  but  the  laborers 

Coat  of  Laying  a  LImaatone  Slope-Wall — Hr.  W.  B,  Puller  say*. 
"The  pe-vtng  of  the  upper  sides  of  the  sedimentation  bsslD  (Al- 
bany, N.  T.)  Is  of  bine  limestone  blocha.  10  to  16  ins.  deep.  S  to 
SO  ins.  wide,  and  IG  to  St  ins.  long.  Two  masons  and  one  helper 
toKether  would  lav  about  If  so.  yds.  per  day.  and  the  labor  coat  of 
laylRg  the  stone  and  gravel.  Including  the  teaming  of  the  material 
about   800  ft.,  was  72  eta   per  aq.  yd," 

The  Bpecincatlons  called  for  a.  slope-wall  10  tna.  thick  laid  on  a 
gravel  lining  24  Ins.  thick. 

Cost  of  Slope  Wall  Paving.*— MaJ.  Orabam  D.  Fltcb  gives  the 
following: 

In  paving  the  bank  of  the  Upper  White  River,  selected  sand- 
stone Cbluenone)  was  used,  the  plecea  being  set  on  edge  and 
rammed.  A  coat  at  eravel  was  then  swept  aver  the  oavlDg.  The 
work  was  done  by  Government  forces;  common  laborers  receiving 
(l.SO   for  S  hra 

The  cost  of  grading  and  paving  behind  the  land  wall  was  as 

Per  sq,  yd 
MaterlaL  Unit  coat  TotaL  Paving. 

Riprap   atone,   798   cu.   yda. I0.T4  fGSI  |».J07 

Cement.    6    bbli.    1.97  10  .00* 

Total    maierlala     MOO  (D.tlS 

Insp.  of  riprap  stone.  79S  cu.  yds.  tO.008  *«  10.003 

lnq>.   of  cement,   6   bbla 012  ....  .... 

<hudlng  and  paving  1,910  sq.  yds.       .4BE  >47  .ISI 


Total   labor    |96S  10.190 

Grand  total.   l.OH  aq.  yda »1,SSJ  (0.810 

The  total  labor  time  for  the  1.916  sq.  yda  of  grading  and  paving 
was  5K0Vi  days,  the  work  done  per  man  per  day  being  1.49  aq.  yda., 
or  1,45  sq.  yds. 

It  will  be  noted  that   1   cu.   yd.   of  atone  made  >.4  aq.  yds.   of 

'EnBineerine-Contraclinff,  May  0.  1908,  p.  IS!. 
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pitvemRkt,  duiwliis  that  tbe  tlilckn«a  ms  IS   luo.     Tba  labor  of 
grading  and  paving  waa  tl.lB  per  cu.  yd. 

At  aDOtber  place  tbe  coat  ot  alope-wall  pavement  waa  bb  follows ; 

Material;                                                Unit  con.  Total.       Petcu.  yd. 

Riprap,  693  cu.   yda. 7i  t&lJ            fO.Tl 

Labor: 

PavbiK.    4ZG   days tS3G              tI-30 

iDBpectloD  of  riprap.  8  days IE                .01 

Total     1850  tl.9G 

Grand  total,   *S3   cu.  yda.   placed tl,363  fl.SE 

Tbe  amount  of  pavtog  done  per  man  per  day  waa  t.is  cu.  yda 

At  anotber  place  the  cost  was : 

Unit  cost       TotaL      Per  cu.  yd. 

Kiprap,    43S    cu.    yda |.T1  |3Z4  $  .74 

Labor,     2aa!4     days ST4  .86 

Qrand  total.  438  cU.  yda. t<»8  81-69 

Tbe  average  work  done  per  man  per  day  was  2.1  cu.  yda.  of  rlp- 

CoM  of  Riprap  on  ■  River  Bank.*— Ma].  Graham  D.  Fitch  elvea 
tbe  (olio wing: 

Tbe  work  was  done  on  the  Upper  White  River,  by  Government 
forces;  coatmoa  laborers  receiving  11.60  per  8-hr.  day.     Sandstone 

Tlie  following  was  a  piece  of  bank  revetment,  the  riprap  being 

laid   rou^ily  by   band   to  a   depth  of  nearly  1£   Ins.  There  were 
l.GSS  sq.  yda.: 

Unit  coat.  Total.  Per  sq.  yd. 

Riprap,    1,235    cu.    yds. (0.74  (914  t0.2e4 

Infection  of  riprap,   1,23E   cu.  yda ,        ,ODS  10  .002 

naflug  riprap,   1,23G   cu.   yda S4E  302  .084 

Total     31,226  10.340 

Th«  latwr  time  for  placing  the  1,235  cu.  ydK  of  riprap  was  ISO 
days,  and  each  man  placed  an  average  of  T.9!  cu.  yds.  of  riprap  per 
dar-  On  the  basis  of  8,58B  sq.  yds.  of  revetment  each  man  placed 
an  average  of  2.3  sq.  yds.  per  day. 

At  anotber  place  riprap  was  placed  on  a  brush  mattress  tor  bank 
revetment.     The   bank  thus  protected  was  4ED   ft   long  by  44   ft 
wide   (measured  along  the  slope).     The  bank  was  graded  by   124 
man-day^  at  a  cost  of  tZ29,  or  IS  aq.  yda  per  man-day. 
The  cost  of  riprapptng  the  bank  was  as  followh . 

Unit  coat.         TotaL      Per  cu.  yd. 

Blprap,    1.044    cu.    yda tO.T4  ^788  10.74 

Paving.   lOSU   days    20S  .197 

Inspection  ol  riprap,  14  days 26  .024 

Orand  total,  1,044  co.  yds. 11.000  80.96 

Tbe  work  done  per  man  per  day  was  SAi  cu.  yds.  of  riprap  placed. 


'Enl/i»«eTi*a-CoMriu!ttng,  May  6.  1908.  i 
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There  were  3,200  an.  yda..  hence  the  cost  per  an.  yd.  waa  9.4  ctA 
for  labor,  and  Si  eta.  tor  alona. 

Cost  of  Riprap  and  Brush  Mattreaa,  CroM- Reference.— Data  on 
this  will  t>e  found  In  the  section  on  Tlmberwork.  Conault  the  Index 
under  "Brush  Mattreaa." 

Coit  of  Riprap  In  a  Crib  Dam.*— HaJ.  Qrabam  D.  Fitch  gives  the 
f ollowlnE : 

The  work  was  done  on  the  Upper  White  Rlv».  by  Oovemment 
forcea.  common  laborera  recelvlns  tl-SO  for  8  hrs.  The  atone  waa 
■andatone. 

In  filling  the  po[:'ketB  of  a  crib  dam  321  ft  long,  8,000  cu.  yds. 
of  riprap  were  used,  ut  the  following  coat; 

Percu-yd. 

Riprap   atone    10.74 

I-!»bor  mUng  crib    0-41 

Total     11-17 

Bach  laborer  averaged  1  cu.  yda  lllled  per  day. 

On  a  small  crib  near  one  abutment  ol  the  dam,  EST  cu.  yds.  of 
riprap  were  put  In  at  the  rate  of  4.45  cu.  yds.  per  man-day. 

On  a  foundRtlon  crib  for  the  abutment  of  the  dam,  8T6  cu.  yda 
of  riprap  wore  put  In  at  the  rate  of  E.84  cu.  yda.  per  man-day. 

Coit  of  Rlprapplno  CrlO(.t— The  following  data  relate  to  the  cost 
of  rlprapplng  cribs  with  breakwater  slone  at  Ashtabula  Harbor. 
Ohio.  The  stone  was  loaded  from  the  dock  Into  a  derrick  scow 
by  the  derrick,  the  scow  waa  then  towed  an  average  of  one-fourth 
mile  and  ihe  atone  placed,  as  riprap,  behind  new  crlh  docks  which 
had  just  been  completed.  The  object  of  this  crib  backlni  waa  to 
protect  the  cribs  from  atorms  and  also  to  relieve  thero  of  any 
lateral  thrust  which  might  cauae  them  to  move.  The  derrick  scow 
used  in  handling  the  stone  holds  a  maximum  deck  load  of  about 
125  tona  The  derrick  boom  ts  about  SO  ft.  long  and  all  move- 
ments of  the  derrick  are  operated  hy  steam. 

The  atone  wa*  placed  In  a  mound  of  a  triangular  cross-sectloa 
against  the  cribs,  the  apex  of  this  right^angle  triangle  being  at  the 
water  surface.  The  depth  of  water  at  the  alte  ol  work  averaged 
about  16  ft 

The  atones  used  ware  Irregular  In  shape,  weighing  ItO  lbs.  per 
cu.  ft.,  the  total  average  weight  of  each  atone  being  about  one  ton. 

The  cost  records  below  are  for  the  months  of  May  and  June. 
IROT.  and  embraces  the  entire  operation  of  rlprapplng  the  cribs,  the 
work  Including;  I.oadlng  the  stone  from  the  dock  onto  tba  deck 
of  the  acow ;  towing  the  scow  from  the  dock  to  the  Bite  of  the  new 
crlba,  an  average  distance  of  about  one-fourth  mile:  unloading 
the  stone  behind  the  cribs  as  riprap ;    towing  the  scow  from  the 
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crib*  back  to  Oka  dock  to  b«  loaded  asatn :  time  due  to  bad  weather 
■Dd  breakdowna.  Interest  and  depreclatloii  oa  value  o(  plant  and 
mlacellateoua  exi>eii>e. 

The  acAle  of  WBKee  per  10-hr.  da7  waa  as  foUowa: 

Ii^ireman    (nbo  waa  aim  steam  engineer) }3.00 

Deck   handa    2.00 

Watchman    1.7S 

The  coat  of  btu:klnK  the  crlba  with  breakwater  atone  tor  month  of 
May,   during  which  Ume   Ot   tone  of  stone  were  placed,   was  oa 

Total.  Per  ton. 

10  tmnafers  by  tun.  at  (G (  SO.OO  f  0.07& 

(tons    coal,    at    fZ.70 16.20  .024 

Labor,    placInK    stone 11.1S  .Ci;i 

Iiost  Ume  due  to  bad  weather  and  breakdowns..     31.40  .041 

Interest  and  d^reclatlon  on  value  of  plant BO.OO  .ISA 

MiacellaneouB 10.00  .015 

'        Total     1244.96  (cTsM 

The  cost  of  backing  the  cribs  for  the  month  of  June,  during  which 
time  1,380  tons  of  stone  were  placed,  waa  as  follows: 

Total  Per  ton. 

Z4   transfers  bj  tug&  at  tS 1120.00  (0.087 

IT   tona  coal,  at    tS.IO 4G.00  .032 

Labor,    placing   atone 189,15  .140 

Lost  time,  due  to  bad  weather  and  breakdowns ■ .     42,60  .030 

Repelra  and  mlacellaneous 38,S5  .043 

Intereat  and  depreciation  on  value  of  plant 30.00  .015 

Total     1545,20  |0,39T 

In  the  above  tables  the  item  "placing  stone"  IncludEs  the  loading 
of  atone  on  the  acow  from  the  dock  and  placing  It  behind  the  cribs. 
The  labor  cost  of  theee  two  portions  ot  the  work  were  about  equaL 
Interest  and  depreciation  on  plant  was  taken  as  1S%  per  annum 
and  waa  distributed  over  live  montha  The  teem  "miscellaneous" 
Includes  wages  of  watchman  on  Sundays,  and  a  tew  Bupplles,  such 
aa  englne-oll,  waste,  manlla  lines,  etc.  The  repairs  shown  in  Che 
record  for  June  consisted  of  repairing  the  damage  due  to  a  boom 
being  dropped  by  accident  and  breaking  In  two. 

On  the  basis  that  the  weight  ot  the  stone  was  ISO  lbs.  per  cu.  ft, 
the  coat  per  cubic  yard  for  rlprapplng  the  cribs  was  as  follows: 
Month  of  Hay.  SO  cCs.:  month  of  June,  85  cts. 

For  the  above  Information  we  are  Indebted  to  Hr.  E.  C.  Bowen, 
Jr.,  Aaaistant  Kngineer,  Lake  Shore  A  Michigan  Southern  Ry. 

[For  further  data  on  riprap,  see  the  Index  under  "Riprap."! 

C«st  of  Riprap  Stone,  Referenees.— For  the  cost  of  quarrying  and 
handling  stone  see  the  sections  on  Rock  Excavation  and  on  Stone 
Maaonry,  Also  consult  the  Index  under  "Riprap,"  for  contract 
prices  of  riprap  are  given  In  the  section  on  Railways  and  elsewhere. 

Cort  of  Cleanlno  Masonry  With  Aeld.— Mr.  C,  M.  Savllle  gives 
the  following  relative  to  the  cost  ot  cieanlnx  masonry  with  acid. 
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Tbe  granite  ashlar  maaonir  of  a  reoerrolr  gate  chamber  had  been 
pointed  with  1 :  1  Portland  cement  mortar  late  In  the  fall,  durlns 
very  cold  weather.  In  ordor  to  work  aulcMy  the  pointing  mortar 
Waa  mixed  very  wet,  and  conaequeutly  dripped  over  tbe  aahlar.  giv- 
ing an  unsightly  appearance.  In  the  aprinK,  the  pointing  waa  re- 
moved, the  atone  washed  with  acid,  and  then  repotnted.  About  BSD 
aq.  yda  of  stone  facing  were  thus  gone  over  In  9  days  by  i  men  at 
a  total  coat  of  |E0,  or  9  ct&  per  sq.  yd.  for  lalwr.  Dilute  muriatic 
acid  was  uoed,  1  part  acid  to  2  parts  water,  applied  with  old  paint 
bruahes;  1  gals,  of  acid  were  required,  or  1  gaL  for  144  aq.  yds. 
The  [wo  men  were  engaged  S  days  removing  pointing,  Z  days  clean- 
ing atone,  and  3  days  repolntlng. 

For  other  data,  see  the  Index  under  "Masonry,  Cleaning." 
Cost  of  Excavatina  Masonry — The  masonry  abutments  ot  an  old 
bridge  were  removed  to  make  way  (or  a  new  arch  bridge.  A  band- 
powar  derrick  was  used,  and  the  material  waa  piled  near  the  der- 
rick. The  coat  of  excavating  this  masonry  was  50  eta.  per  cu.  yd., 
wages  being  15  eta  per  hr.  In  another  similar  case  the  cost  waa 
75  cla  per  cu.  yd.  The  average  contract  price  for  such  work  oh 
the  Brie  Canal,  In  1896,  was  SO  eta  per  cu.  yd.,  wages  being  IZ^ 

Mr.  C,  R.  Neher  Informs  me  inat  the  coat  of  excavating  S,14» 
cu.  yda  of  old  railway  bridge  plent  and  dejMSltlng  ttie  material 
In  the  river  bed.  was  38  clg.  per  cu.  yd.,  not  including  the  coal  of 
scatfoldluB. 

For  other  data  on  maaonry  excavation,  see  the  Index  under 
"Masonry,   Encnvatlon." 

Cost  or  Pointing  Old  Bridge  Masonry. — Cleaning  and  pointing  old 
masonry,  using  Alpha  cement  at  ^2,40  per  bbl.,  masons'  wages 
being  12  and   helpers  }1.G0  per  day,  cost  aa  follows: 

Small  Jobs;    no  staging:  Cta  per  aq.  ft. 

Cement     0.26 

Labor    0.74 

Total   per   sq.   ft 1.00 

This  is  equivalent  to  9  cts.  per  sq.  yd. 

Large   Jobs;    staging   used:                            Cts.  per  aq.  ft. 
Cement    0.27 

Total   per   sq.    ft 2.14 

This  Is  equivalent  to  19  eta  per  sq.  yd. 
For  other  similar  data,  see  the  Index  under  "Masonry,  Pointing." 
Cost  of  Lining  Tunnel  With  Masonry.— Drinker  gives  the  follow- 
ing data  on  the  lining  of  Carr's  Tuimel   (825  (t.)  on  the  Pennsyl- 
vania R   R.  In  ISeS-lSES: 

BHclivjork, —  Six  hundred  and  nine  thousand  brick  In  the  arch 
(6%  broken  and  lost)  ;  10,14  bushels  of  neat  cement  (no  sand  uaad 
In  the  mortar)    laid    1,000  bricks,   the  mortar  forming  10%   of  tlw 
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bilck  raaaomy:   the  arch  was  SS  Ini.  thick,  i4H-a  wan  and  B-fL 

ttae: 

Coat  per  IL 

Bricki;   t.   o.    b. I  8.80 

Loss  In   handllnK    O.Gl 

Unloadlnc   and   dellv«rins 1.B3 

LoybiK     E.84 

Cement 5.10 

Total     $22.17 

Bricklayers  received  40  ct*.  per  hr. :  helpers.  ITU  eta,  per  br. ; 
carpenters,  tT^i  its.  per  hr. ;  lat>orerH,  17  ots.  per  hr, 

StoiMHiorfc. — One  thousand  seven  hundred  and  thirty  perches  <>E 
cu.  It.)  of  rough  masonry  tor  Hide  walls,  presumably  sandstone; 
187  perches  of  rln^  stone;  25  perches  wasted  In  dresslnK.  The 
bench  iralle  trerv  4  ft  wide  at  the  bottom,  3  ft.  at  the  top  and  19  tt 
hiKh: 

Cost  per  perch. 

Qnarrybis    (l.TSO   perches) (4.80 

OittlOK   ll.TIO    perches) 4.16 

HsullnK   (l,e4t   perches) 1.1)6 

Handllns  and   laytng    <1,B17    perches) 3.B0 

Cement.    I.6S    bu.    par    nerch    <8 1/6%     of    the 
masonry)     0,81 

Total     (13.83 

Stonecutters  and  masons  received  SE  cts.  p«r  hr.  ■  quarrymen, 
17M  cts.  per  hr. ;  laborera,  17  cla.  The  stone  side  walls  were  laid 
In  S  courses  avemBlnE  2  fL  thick  each;  hence  there  were  B2,80O 
■q.  ft.  of  beds  cut;  and  estlmatlnB  each  stone  3  ft.  lone  and 
drcBBBd  for  1^  ft.  back  of  the  face  on  joints,  there  were  14,300 
sq.  ft.  of  Joints;  maklns  a  total  of  67,100  sq.  ft.  of  cuttlnt;  which 
cost  11.2  eta  per  sq.  ft.  This  is  said  to  have  been  loo  high  a  unit 
cost,  and  the  accuracy  of  the  measurements  Is  questioned. 

Arch  centering  cast  11,400,  to  which  was  added  (600  tor  moving 
the  centering  forward  from  time  to  time;  making  (2.10  per  lln.  ft. 
of  tunnel,  to  which  must  be  added  (0.70  per  tin,  ft  for  scaffolding. 

For  further  data  on  tunnel  lining,  see  the  Index  under  "Tunnel. 
LJnlne-" 

Croaa-Re'erencas. — Other  data  on  stone  masonry  will  be  found  In 
various  parts  of  this  book,  for  wbiclt  see  the  index  under  Masonry. 


SECTION  VI. 

CONCRETE  AND   REINFORCED  CONCRETE 
CONSTRUCTION. 

Daflnitloni.— Bee  also  the  deflDltlooa  In  Bection  T  on  Stone 
Uasonry. 

Aogreaate.—The  broken  stona  or  aravel  used  In  concrete.  The 
word   ballaat  is  also  used  In  this  sense. 

Batch. — The  amount  of  concrete  mixed  at  one  time  either  by  a 
gaXlK  of  men  or  by-  b.  machlna  mtxer.  In  hand  mixing-,  ordlnsriljr 
one  barrel  of  cement  and  the  proper  proportions  ol  sand  and  stona 

Cement. — A  preparation  of  calcined  clay  and  limestone,  or  their 

eQulvHlents.  possessing  the  property  of  hardening  Into  a  solid  mass 
when  moistened  with  water.  This  proDerty  Is  exercised  under 
water,  as  well  ns  In  ooen  air.  Cements  are  divided  Into  four 
classes:      Portland,    Natural,   Puzzolan   and  Silica  cement. 

Portland  cement  Is  the  Hnely  pulverized  product  resulting  from 
the  calcination  to  Incipient  fusion  of  an  Intimate  mixture  of  property 
proportioned  argillaceous  and  calcareous  materials,  and  to  which 
no  addition  ereater  than  3%  has  been  made  subsequent  to  cal- 
cination. 

Natural  cement  is  the  finely  pulverised  product  resulting  from 
tlie  calcination  of  an  argillaceous  limestone  at  a  temperature  only 
sufficient  to  drive  off  the  carbonic  acid  gas.  A  tew  years  ago  It 
was  common  practice  to  give  to  all  natural  cements  the  name 
Roaendale   cement,    for   it   waa   at   Rosendale.    N.    T..    that   the  Aral 

Pozzolon  IH  an  Intimate  mixture  of  pulverised  granulated  fur- 
nace slag  and  slaked  lime  without  further  calcination  which  pos- 
sesses the  hydraulic   iiunlitlea  of  cement. 

Silica  cement  (or  Bund  cement)  Is  a  mixture  of  clean  sand  and 
Portland  cement  ground  together. 

Concrete. — An  artificial  atone  made  by  mixing  cement  mortar 
Willi  gravel  or  broken  stone.  The  proportions  of  cement,  sand  and 
stone  are  aenernlly  exoressed  In  parts  by  measure  (occasionally 
by  weight),  A  1 :2;5  (one,  two.  five)  concrete  means  1  part 
cement  to  2  parts  sand  to  E  parts  stone.  A  1:3  :R  concrete  |a 
made  of  1  nart  cement,  3  parts  sand  and  t  parts  stone  (or  gravel). 
When  both  stone  and  gravel  are  used,  the  concrete  may  b«  doilB- 
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uted  am*.  1:S:S:4.  wblch  n 
Pbrts  ffiaTol  and  4  ports  atone. 

Dry  coiurate  la  a  term  used  to  dealciiat«  a  mixture  oontalnlns 
m>  amall  a  ikercentace  ol  vater  tbat  very  hard  runmlng  la  requlreil 
to  Siub  Uie  water  to  tlie  mrface. 

'Wet  concrete  contalna  ao  much  water  aa  to  require  Utile  or  no 
Tanunlne.  "Sloini]'  concrete"  la  concrete  ao  wet  that  It  Will  run 
down  s.  sIlKhtiy  Inclined  titnigh. 

Coot:rele  ttiat  ]■  mixed  dry  la  uiread  In  larerB  E  or  S  loa.  thick 
and  rammed  or  lamjied  until  the  water  flushes  to  the  aurface. 
Concrete  that  la  mixed  test  la  fodtd  with  a  apade-Itke  tool  that 
Is  worked  up  and  down  Id  the  concrete  to  remove  all  air  bubbles 
X  the  forma  or   near  any   steel   uaed  to  retn/oroe 


The  terma  cnuhed  Mone  and  broJcini  (Cone  are  uaed  Indlscrlm- 
Inatelr  to  deslsnate  atone  that  haa  been  broken  by  H,  rock  cruaher. 

CntahfT  run  means  all  the  crushed  atone  Just  aa  It  cornea  from 
the  cruaher,  without  separation  Into  sizes,  SiUd  generally  It  In- 
cludes the  product  that  would  be  termed  screenlnga  U  It  were 
screened  out. 

Faotttg. —  (1)  A  rich  mortar  placed  on  the  exposed  surfaces  to 
make  a  amooth  finish,  (t)  Shovel  (aclng  by  working  the  mortar 
of   concrete  to  the  fac& 

Porma  are  the  molds  (usually  of  lumlMr)  that  hold  the  concrete 
In    shape  until   It  has  set  or  hardened. 

Matrix  Is  tl  term  aometimes  used  Instead  of  mortar,  but  there 
Is  no  good  reason  for  uainK  the  term  at  alL 

Jlolda. — Bee   Fonna. 

RHnforced  coiurefe  Is  concrete  tn  Wblch  are  embedded  bars  or 
wires  of  atsel  or  iron.     It  la  often  called  ooncrele-tlatl. 

Rubble  concrete  Is  a  term  applied  to  eoncrete  In  which  large 
rubt>le  stones,  or  plume,  are  embedded.  Stones  from  the  a. 
a  ouin'a  head  to  the  alie  of  a  barrel  are  thus  used.  When  1 
stones  are  used,  and  the  concrete  becomes  simply  a.  coarse  grained 
mortar  t>etween  them,  probably  the  term  ciiclopean  manor 
more  correct  than  rubble  concrete;   atlli   there  Is  no  distinct  dlvld- 

Bcreonlnffa   applies   to   the   product   of   the   crusher   that   i 
through  the   smallest   acreen   used.     The   size   of   the    smallesi 
in   the  screen  varies  from   K-ln.  to   %-ia.,   eo  the  word  Bcre< 
has  no  definite  meaning,  although  It  can  usually  b«  taken  to  apply 
to  all  stone  under   ^-In.  In  diameter. 

Sylvester  teaalt. — A  waterprooQng  wash  consisting  of  alum  and 
■oft   soap  applied  alternately   to   the  surface  of  concrete. 

FoUa  Is  a  term  applied  to  the  spacea  between  the  grains  of 
•ajid,  or  to  the  spaces  between  the  fragments  of  broken  stone; 
TIM  voids  are  expressed  In  a  percentage  of  the  total  volume  of 
the  loose  material. 
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the  subject  o(  concrete  Is  even  greater.  This  Ib  well  IndleUed  Id  the 
clt&tlou  even  of  a  few  or  the  Important  book!  on  coocreM  which 
will  be  found  at  the  end  of  this  aactlon. 

Ur.  Charles  3.  Hill,  ol  the  editorial  staff  of  EjnHnnrinB-CotOrKuH- 
ing,  and  1  have  collaborated  in  writtns  a  TOD-paKe  book*  darotttd 
aolaly  to  the  methods  and  cost  of  concrete  and  reinforced  concreca 
coastructlon.  Tet  there  Is  iiractlcally  no  duplication  In  our  book 
of  the  matter  In  Beld's  vreat  treatise,  "Concrete  and  Belnforced 
Concrete  Construction,"  In  whose  9D0  paxes  the  subject  of  tlu 
design  of  concrete  construction  le  elaborated. 

It  will  be  evident,  therefore,  that  In  the  space  devoted  to  concmte 
In  this  handbook,  only  the  principles  of  the  methods  and  cost  of 
construction  can  be  given,  supplemented  by  a  few  lltustratlva  ex- 
amples. However,  the  reader  will  nnd  a,  good  many  more  examples 
In  other  sections  of  ttie  book,  notably  the  sections  on  Bridges, 
Sewers,  Waterworks;  Pavements;  and  Buildings,  for  which  consult 
the  Index  under  "Concrete." 

While,  at  flrst  glance,  estimating  the  cost  of  cimcreto  may  seem 
dllRcult,  It  Is  In  reality  a.  comparatively  simple  task  When  the  cost 
La  divided  Into  separate  Items  and  sub-Uema  Then  the  reason  why 
the  concrete  base  of  a  pavement  costs  say,  }3.E0  per  cu.  yd.,  while 
the  cost  of  a  reinforced  concrete  building  Is,  say,  %l&  per  cu.  rd.,  la 
made  very  dear. 

In  considering  variations  Id  publlAed  cost  data  one  diould 
always  bear  In  mind  that  there  are  not  only  many  dIBereDt  ways 
of  doing  the  same  thing,  but  that  workmen  vary  greatly  In  effi- 
ciency. The  latter  etonent  depends  mainly  on  the  management, 
and  It  Is  a  particularly  Important  factor  In  this  comparatively  new 
branch  of  engineering  work— concrete  construction.  I  have  re- 
ceived several  letters  from  experienced  concrete  contractors  <iue>- 
tlonlng  Che  accuracy  of  certain  costs  of  concrete  work  Chat  I  bad 
published,  because,  It  was  said,  no  such  low  costs  had  ever  coma 
under  (heir  observation.  This  was  doubtless  true  and  It  Was  (or 
Just  that  reason  Cliat  1  had  published  those  low  coats;  Cor,  accom- 
panied by  ilie  methods  of  doing  the  work,  those  records  showed 
what  thoroughly  efficient  workmen  under  good  management  could 
accomplish.  I  go  so  far  as  to  say  that  unit  costs  of  concrete  work 
that  are  now  regarded  as  being  very  tow  will,  before  long,  seem 
exceedingly  hleh — unlesH  it  should  happen  thuC  rates  of  wages  and 
prices  of  malerlalB  rise  suftlclently  to  ofCset  entirely  all  Improve- 
roCDts  in  maclilnoB.  methods,  and  management. 

There  Is  not  Che  sllghCesC  doubt,  for  one  thing,  that  WO  are 
using  too  much  cement  In  most  of  our  concrete.  Rarely  do  we  see 
American  specifications  requiring  less  than  0.9  bbl,  of  cement  per 
cu.  yd.,  although  there  are  many  classes  o(  heavy  concrete  work 
(or  which  O.G  to  D.E  bbl.  of  cement  per  cu.  yd.  would  sufBca. 

We  have  excellent  machines   for  mixing  concrete. 
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Ivelr  lew  eontiacUira  know  bow  to  Uanaport  Uie  matailaU  to 
ai>l  from  the  mixers  with  any  creat  decree  of  economy. 

N«t  only  do  poor  deatgns  of  lomui.  but  Inefficient  workmanship 
to  Irtiniliig,  erecting  and  ahtfUns  them,  usually  run  up  the  coat  ol 
tormirork  far  above  what  It  should  be.  lacldentaily  I  may  say 
chat  It  in  my  opinion  that  the  oft-berated  method  ot  Intrusting 
boU)  the  Oealgn  and  erection  Qf  concrete  buildings  to  flnns  ot  con- 
■IrucUng  engtneers  is  a  method  that  is  likely  to  grow  more  popu- 
lar. Id  spite  ol  the  objection  that  the  designer  should  not  be 
»l«o  the  contractor  for  the  structure,  there  la  one  very  ImporUmt 
Oement  to  consider,  and  one  that  seems  to  me  to  offset  entirely 
any  objection.  7he  oonorets  contractor  teho  la  also  a  dtalgner  will 
M  deMrn  at  to  be  able  la  use  hit  forma  again  and  again  on  many 
difiercst  huildingt  of  thv  aoms  character.  Eventually  this  wUl 
lend  to  the  wide  use  ot  steel  forms  For  certain  clasaea  of  work, 
and  (bui  reduce  the  item  o(  form  cost  still  more. 

The  manufacture  of  concrete  In  ulabs,  beams,  boards,  etc. — a  sort 
of  concrete  lumber — Is  certain  to  become  common,  and  will  greatly 
reduce  the  cost  of  many  classes  of  concrete  work.  Why.  for  ex- 
ample, should  not  rough  retaining  walla  be  built  of  concrete  besmc^ 
or  sticks,  exactly  as  timber  bulkheads  are  now  made  on  railway 
work  In  tlmb'"-ed  countries?  By  casting  dovetailed  ahapes  on  the 
enda  of  the  sticks,  und  correapondlng  raceaaea  In  other  beams,  It 
"ould  be  a  simple  matter  to  build  auch  a  concrete  retaining  wall  of 
eoncret^  any  8  x  12  Ina.,  In  croga-aectlon,  with  "'anchors"  of  similar 
concrete  atlcks  extending  back  Into  the  earth  flUIng  that  la  placed 
back  of  the  nalL  In  this  manner  a  wall  only  8  ina  ttilck.  with 
each  course  anchored  to  the  earth  fill,  could  be  built  by  unakllled 
laborera  at  a  very  low  cost  The  concrete  atlcliB  would  be  made  In 
a  yard,  hauled  to  t<ie  site  of  the  work,  and  erected  with  a  light  A 
aerrlck  or  moved  on  ■■doUeya"  up  an  Incline,  Just  aa  heavy  tlrabera 

In  apfle  of  Uie  queatlonable  success,  thua  far,  ot  reinforced  con- 
crete cross-ties  for  railwaya,  there  la  abundant  reason  to  believe 
that  such  ties  will  eventuelly  be  perfected,  thus  leading  to  the 
making  ot  concrete  lumber  in  great  quantities 

1  am  aatisfled  that  thin  concrete  elaba,  both  In  the  form  of  con- 
crete lumber  and  made  In  place  by  plaaterlng  mortar  upon  a 
rehitorclng  sheet  or  mesh,  are  destined  to  play  a  very  important 
part  In  the  construction  field.  Flues  lor  carrying  hot  smelter 
Kaaea  have  been  made  of  expanded  metal  plastered  on  both  aides 
with  cement   mortar.      Why   ahould   not   tall   smokestacka   be   made 

die  base.  Eiffel  Tower  fashion.  In  order  to  secure  stability  when 
anchored  to  a  concrete  base.  The  great  advantages  ot  this  method 
at  plastering  cement  mortar  upon  a  ateel  skeleton  are  two:  (1) 
The  ablHty  to  build  concrete  work  without  any  forms  at  all ;  and 
(!)  the  ability  to  secure  an  exceedingly  thin  structure  of  great 
Krength  and  durability. 
With  these  and  kindred  possibilities  of  developnwnt  of  c 
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conBtructlon  along  lines  ot  greater  economy,  It  la  not  likely  that  tM 
lowest  conatnictlon  coats  Blven  In  this  book  will  look  very  low  to 
readers  of  Ita  next  edition. 

Coat  of  Manjfscturlng  Cemsnt. — Bollleau  A  Lyon  five  tlie  tbt- 
lowlns  cost  of  manufacturlDK  slas  cement: 

"The  totlowlnK  flgurea  may  be  relied  upon  as  abeolutely  accurals 
Tbey   represent   the  writer's  experience  as  treaaurer   nnd   general 
manager  of  the  Maryland  Cement  Co.  ot  Baltimore," 
Coat  for  an  output  of  E.OOO  bbla.  per  month : 

PerbbL 

Hill   force,   labor  and   supt t0.160 

125  tons  coal  per  mo.,  at  IS.OE 0.076 

3.000  bu.  lime  per  ma,  at  lO.lB O.IOO 

BOO  tons  stag  per  mo.,  at  tO.&O 0.090 

Repairs,  (100  per  mo. 0.020 

Oil  and  grease,  ftO  per  mo O.OOT 

Contlngenclea    O.oil 

Total    (0.461 

Administration     0.121 

Orand   total    tO.BBE 

The  seme  authorities  give  the  following  estimate  of  coat  of 
manufacturing  Portland   cement  In  Pennsylvania  In   1S04. 

The  flgures  are  bnsed  on  an  output  ot  1,200  bbls.  per  day,  using 
60-ft.  kllna.  and  are  the  results  Of  actual  experience  In  Penn* 
ay  Ivan  la. 

Labm':  Per  bbl. 

Quarry    tO.OSO 

Stone  house  (2  men  each  shift) O.ODG 

Mill  building  <«  men  each  shift) O.OIE 

Kiln   room    (1   men  each   ahi(t) O.OIB 

Engine  and  holler  room  ( 4  men  each  Shift) O.OIG 

Fuel   mill    (3   men   per   shift) 0.010 

Yard    gang    (13    men   one   ahltl) 0.016 

Repair  gang    (12   men  one  abltt) 0.02! 

Packing   house    0.040 

Mlscellftneoua    O.OOS 

Total  labor  10190 

Saw  Uaterial: 

Coal  for  quarry  and  mill t0.22G 

Qypaum   O.OIS 

Total  raw  material fO.I49 

•  jSuppllea: 

Repair   pnrta    10.040 

Lubricants    0.020 

Ulscellaneous  supplies 0.030 

Total  supplies |0.0)0 

P/anl  Chargea: 

Inlereat   10.070 

Sinking  fund    O.OGO 

Depreciation  and  wear  and  tear O.OGO 

Total    plant   chargea fO.lTO 
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Oanemt  Bitpenat: 
—       -      a  (12  ID« 


Offlc«  tDrc«  (12  ID«D  one  shift) t<l.02a 


Total  Bciwral  expcnae fO.OSS 

Grand  total J0.778 

The  above  Ogurea  multlplted  by  1,200  give  the  dally  cost. 

There  were  4  boUera;  each  ISO  bp..  ajid  2  engines  of  500  hp.  each, 
fill  kilns  were  run.  two  shifts  daily. 

Tb*  fuel  for  burning  clinker  was  gas  alack  coal,  at  12.00  per  ton, 
rcquIrlDK  IDS  Iba.  per  bbl.  of  clinlcer.  Under  the  tiollers  and  In  the 
dryers  TG  lbs.  of  bllamlnous  coal  (at  %S  per  ton)  per  bbl.  of  cement 

The  mill  equipnienl  was  at  the  ball  and  tube  type. 

A  mill  can  be  built  for  (50.000  to  t«0.000  per  kiln,  exclusive  of 
land.  A  1.200-bbL  plant  (8  kilns)  need  not  cost  more  than 
1120,000  including  land.  From  ao  to  100  acres,  at  t200  per  acre,  are 
conunonly  used  by  larger  plants  than  tbla  Figuring  on  11  mos, 
run.  or  an  annual  output  of  SfiO.004  bbls..  Interest  at  6%  on  1420,000 
l«  125,100  per  year,  or  T  eta.  per  bb). 

A  (0-R.  Uln  costs  12,000,  but  a  lOO-ft  ktln  can  be  bought  for 
lE.OOO,  and  wilt  da  the  duty  of  two  SO~Ct.  kilns  at  much  less  ex- 
pense; lOO'ft.  kilns  have  turned  out  as  much  as  4TS  bbls.  per  day. 
The  Edison  Cement  Co.  uses  I50-fl.  kllna 

In  a  wall-equipped  mill  without  countershaftlng,  the  raw  and 
clinker  mills  alone  use  half  the  horsepower,  and  of  the  repair  parts 
fullr  16%  are  required  by  them,  as  well  as  60%  of  the  lubricants 
and  tS%  of  the  miscellaneous  supplies.  One-third  the  cost  of  a 
cement  mill  Is  In  the  crusbing  and  pulverising  deparlments  with 
their  necessary  buildings  and  power. 

The  slone  from  the  quarry  Is  crushed  to  2  ^  to  S-ln.  slie  In  a  No. 
5  or  6  gyratory  crusher,  but  a  No.  TK  or  8  Is  much  better. 

In  the  l,2ao-bbL  mill,  three  ball  mills  and  three  tube  mills  on 
the  raw  side  kept  the  six  SO-ft  kilns  going  even  when  1.310  bbls. 
were  turned  out  per  day.  The  same  number  of  ball  and  tube  mills 
on  the  clinker  aide,  however,  only  averaged  760  bbls.  per  day,  but 
under  better  management  this  was  Increased  to  900  bbls. 

Theory  of  the  Quantity  of  Cement  In    Mortar  and  Concrete All 

■and  contains  a  large  percentage  of  voids.  In  1  cu.  ft.  of  loose 
sand  there  are  0.3  to  0.6  cu.  ft,  of  voids:  that  la.  S0%  to  60%  of 
the  nnd  Is  voids.  In  making  mortar  the  cement  Is  mixed  with 
■and.  and  the  flour-like  (trains  of  the  cement  fit  In  between  the 
grains  of  the  sand,  occupying  a  nsrt  or  all  of  the  voids  in  the 
«nd.  According  to  the  old  theory  (as  given  In  Trautwtne's  Pocket- 
book  and  elsewhere),  the  amount  of  cement  required  to  make  a 
given  mortar  la  calculated  as  follows:  Suppose  the  mortar  Is  to  be 
I  cu.  ft  of  cement  to  2  cu.  ft.  of  sand  (a  1  to  2  mortar)  ;  and  sup- 
pose the  aand  contains  36%  voids,  then  2  cu.  ft.  of  sand  would 
contain  2X0,3G;  or  0.7  cu.  ft.  voida  Now,  the  1  cu.  ft.  of 
cement  would  fill  this  O.T  cu.  ft.  of  voids  !n  the  sand  and  leave  an 
excess  of  1  —  O.T.  or  0.3  cu.  ft.  of  cement;  hence,  the  resulting 
mortar  would  be  2  cu.  ft  of  sand  +  O.S  cu.  ft.  of  cement  (the  excess 
left  over  after  fllllng  the  voids  In  the  sand),  thus  making  2.3  cu.  ft. 
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of  mortar  from  the  mixture  of  l  cu.  ft.  of  cement  with  I  cu.  ft  of 
eand.  As  above  atated,  this  simple  theory  waa  commonly  Blven  by 
all  writers  (wlltiout  eKFCpllon,  so  far  as  I  know).  aUhaugh  many 
contractors  and  some  engineers  must  have  learned  by  experience 
that  the  theory  Is  Incorrect.  In  1901,  I  called  pulilic  attention  to 
the  eiTom  of  the  theory  and  published  a  formula  that  sivea  much 
closer  approxImatlonH   to  actual   teat& 

Since  a,  correct  estimate  of  the  number  of  barrels  of  cement  per 
cubic  yard  of  mortar  or  concrete  la  very  Important,  and  since  It  is 
not  always  possible  to  make  actual  mixtures  before  bidding.  It 
seems  wise  to  give  space  to  a  discussion  of  the  theory  that  I  have 
offered. 

When  loose  sand  Is  mixed  with  water.  Its  volume  or  bulk  la  In- 
creased, subsequent  Jarring  will  decrease  Its  volume,  but  sUll  leave 
a  net  gain  of  about  10% ;  that  Is,  1  cu.  ft.  of  dry  sand  becomea 
about  1.1  cu.  ft.  of  damp  sand.  Not  only  does  this  Increaae  In 
the  volume  of  the  sand  occur,  but.  Instead  of  Increasing  the  volda 
that  can  be  filled  with  cement,  there  Is  an  absolute  loss  In  the 
volume  of  available  voids.  This  Is  due  to  the  space  occupied  by  the 
water  neeeBsnry  to  bring  the  sand  to  the  consistency  of  mortar; 
furthermore,  there  Is  seldom  a  perfect  mixture  of  the  sand  and 
cement  In  practice,  thus  reducing  the  available  voids.  It  Is  safe 
to  call  this  reduction  In  available  voids  about  109^. 

When  loose,  dry  Portland  cement  Is  wetted,  It  shrinks  about  15% 
In  volume,  behaving  differently  from  the  sand,  but  It  never  shrliika 
bnck  to  quite  as  small  a  volume  as  It  occupies  when  packed  tightly 
In  a  barrel.  Since  barrels  of  different  brands  vary  widely  In  else, 
the  careful  engineer  or  contractor  will  test  any  brand  he  Intends 
using  In  large  quantities.  In  order  to  ascertain  exactly  how  much 
cement  paste  can  be  made.  He  wilt  find  a  range  of  from  S.t  cu.  ft. 
to  3.8  cu,  ft.  per  bbl.  of  Portland  cement.  Obviously  the  larger 
barrel  may  be  cheaper  though  Its  price  Is  higher.  Speclllcatlons 
often  state  the  number  of  cubic  feet  that  will  be  allowed  per  barrel 
In  mixing  the  concrete  Ingredlento,  ao  that  any  rule  or  formula  to 
be  of  practical  value  must  contain  a  factor  to  allow  tor  the  tpecl- 
lled  size  of  the  burrel,  and  another  factor  to  allow  for  the  actual 
number  of  cub'c  fbnt  of  paste  that  a  barrel  will  yield — the  two 
being   usually    quite    dllferent. 

The  deduction  of  a  rational,  practical  formula  for  computlUK  the 
quantity  of  cement  required  for  a  given  mixture  Will  now  l>e  given, 
based  upon  the  facts  above  outlined. 

Let    II  =  number  of  cu.  ft.  cement  oasle  ber  bbl..  as  determined 

i«  =  number  of  cu.  ft.  of  cement  per  hbL.  as  specified  In  the 

speclllcatlons. 
B  =  partH  ol  sand   (by  volume)   to  one  part  of  cement,  aa 

spec  I  Red. 
psparts  of   Eravel   or   broken   stone    (by  volume)    to  one 

part  of  cement,  as  speclfled. 
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t)  =  Dercentaxe  of  void!  Id  the  dry  aand.  oi  determined  by 

V  =  p«Tcontage   ot   void*   in   the  Kntvel  or   stone,   as  deter- 
mined by  teat. 
Then,    Id    a   mortar   of    t    tMLrt   cement    to   a   narta    aand,    we 

R  •  =  cu.  ft.  of  dry  BBAd  to  1  bbl.  cement, 
n  «  V  =  cu.  ft.  of  void*  In  the  dry  sand. 
O.E>ii>v  =  cu.  fL  of  available  voids  In  the  wet  sand. 

p  —  0.9nsti  =  cu.  tt.  of  cement  paste  In  excess  of  the  voids. 
Therefore ; 

I.ln*-t-(Ii  —  0.9n»«)=cu.  ft.  of  mortar  per  bbl. 
Therefore ; 

27  27 

tt  = = 

l.l»»+(p  — 0.B  ««e)  P  +  itB  (1.1  —  0.9  «,) 

ff  befne  the  number  of  barrels  of  cemrail  per  cuu  yd.  of  mortar. 

When  the  mortar  Is  made  so  lean  that  there  Is  not  enough  cement 

pafts  to  nil  the  voids  In  the  sejid.  the  formula  becomes  , 


A  similar  line  of  reaaoninK  will  slve  us  b,  rational  formula  for 
determinlDg  the  quantity  of  cement  In  concrete ;  but  there  Is  one 
point  of  difference  between  sand  and  travel  (or  broken  stone*, 
namely,  that  the  eravel  does  not  swell  materially  In  volume  when 

to  wot  the  surface  ot  the  pebbles,  and  this  water  reduces  the  avnll- 
abla  voids,  that  Is,  the  voids  that  can  be  BUed  by  the  mortar.  With 
tblB  In  mind,  the  lollowtnK  deduction  Is  clear,  uelnK  the  nomen- 
clature and  symbols  above  given  : 

ni|  =  cu.  ft  of  dry  grave!   (or  slone). 
nir  F  =  cu.  ft.  of  voids  In  dry  gravel. 
0.»nffy  =  cu.  ft.  of  "available  volda"  In  the  wet  gravel. 
p  -|-  na  (1.1  —  0.9  ti>  —  O.OS  ng  V  ~  excess  of  mortar  over  the  avail- 
able voids  In  the  wet  gravel. 
«7  +  P  +  '>«  (1.1^0.9  V)  —  O.Sn;  y  =  cu.    ft    of    concrete    from    1 
bbL  cement. 

27 


1 


p  +  n*  (1.1  —  0.9  e)  +iiff  (1  —  0.9  F) 
IT  belns  the  number  of  barrels  of  cement  required  to  make  1  cu. 
yd.  Of  concrete. 

This  formula  la  rational  and  oertectly  general.  Other  experi- 
menters may  And  It  destrable  to  use  constants  sUithtly  different 
from  the  1.1  and  the  0,9,  (or  flne  Bands  swell  more  than  coarse 
oanda,  and  hold  more  water. 

The  reader  must  bear  In  mind  that  when  the  voids  In  the  sand 
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ThMe  tonnulaa  Klve  the  amounta  of  cement  in  mortara  and  con- 
cretes comliected  In  place.  Tables  I  to  IV  are  based  upon  the  fore- 
Kolng  theory,  and  will  be  found  to  ctiedc  aatlafactorlly  with  actual 


Proportion  of  Cement  to  Sand,  l  to  I  l  to  1  ^  1  to  S  1  to!^  1  to  3  1  to  1 

Bbls.  Bbla.  Bbls.  Bbla  Bbla.  Bbla 

Barrel  meclfled  tobeJ.Ecu.  tt,4.Z2  3.49  2.ST  S.ET  i.tS  1.T6 

■'     3.M     '■      .4.09  3.33  2.81  2.46  2.16  l.BS 

"     4.0     ■■      .4.00  3. 24  3.73  2.J8  2.08  1.64 

"     4.4     ■■      .3.81  3.07  2.67  2.27  2. DO  1.40 

Cu.  yds.  Band  per  cu.  yd,  mortar   0.8  0.7  0.8  0.9  1.0  1.0 


Proportion  of  Cement  to  Sand.  ItolitolW  lto21lo2W  lto31to4 

Bbla.    Bbls.      Bbla.    BblO.    Bbla.  Bbli. 

Barrel   specified  tobe3.Scu.ft. 4. 62       3.80        i.SE       2.84        i.SG      1.76 

'■     3.8     "      .4.33       3.61        3,10      2.72        2. IB      1,62 


Cu.  yds.  sand  per  cu.  yd.  mortar   0.6         0.8  0.0         1.0  1.0        1.0 

In  uslnK  these  tables  remember  th,-it  the  proportion  o(  cement  to 
Band  Is  by  volume,  and  not  by  weight.  If  the  apeclflcatlona  state 
that  a  barrel  of  cement  shall  be  considered  to  hold  4  cu.  fL.  for  ex- 
ample, and  that  the  morfar  shall  be  1  part  cement  to  2  parts  sand, 
then  1  barrel  of  cement  Is  mixed  with  3  cu.  ft.  of  sand,  regsrdiesa 
of  what  is  Dip  notuni  sise  of  the  barrel,  and  resardles  of  how  much 
cement  piiiiir.  cnn  be  made  wllh  a  liarrel  of  cement.  If  the  speciflca- 
tlona  fall  to  sinte  what  the  site  of  a  barrel  will  be.  then  the  con- 
tractor iB  loft  to  guess. 

1/  lh(!  Bpeclflcrnlons  call  for  proportions  by  weight,  aasume  a 
Portland  barrel  to  contain  3S0  IbB.  of  cemeni,  and  test  the  actual 
weight  of  a  cubic  foot  of  the  aand  to  be  used.  Hand  varies  ex- 
tremely In  welehl.  due  both  to  the  variation  In  the  per  cent  of 
vold^  and  to  the  variation  In  the  iilnd  of  minerals  of  which  the 
■and  is  composed.  A  quartz  sand  having  35%  voids  weighs  107  iba 
p^r  cu.  ft.;  but  a  quart!  snnd  having  45%  voids  weighs  only  01 
Iba.  per  cu.  ft.  If  the  weight  of  the  sand  must  be  guesaod  at.  assums 
100  lbs.  per  cu.  ft.  If  the  si>eclflcations  require  a  mixture  of  1  cement 
to  2  of  sand  by  weight,  wo  will  have  380  lbs.  (or  1  bbl.)  of  cemeni 
mixed  with  2  x  380.  or  760  lbs.  of  send :  and  II  the  aand  weighs 
90  Iba  per  cu.  ft.,  we  shall  have  760  -i-  90,  or  8.44  en.  ft.  of  sand  to 
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Hery  bArral  of  cement  In  order  to  um  the  tablea  above  given,  we 
miy  qieclty  our  own  elie  of  barrel ;  let  ua  say  4  cu.  f C. ;  then  S.H 
v1  elvea  I.ll  parte  of  nand  br  volume  lo  1  part  of  cement.  With- 
out material  error  ne  may  call  this  a  1  to  2  mortar,  and  use  the 
(ablea,  remembering  that  our  barrel  Is  now  "ipecltled  to  be"  4  cu. 
It  If  we  have  a  brand  of  cement  that  yields  3.4  cu.  ft.  of  paste 
per  bbL,  and  sand  having  46%  voids,  we  hnd  that  approximately 
)  bble.  of  cement  per  cu.  yd.  of  mortar  will  be  required. 

It  should  be  evident  from  the  foregoing  discussions  that  no  table 
can  be  made,  and  no  rule  can  be  formulated  that  will  yield  accu- 
nta  remits  unless  the  hrund  of  cement  la  tested  and  the  percent- 
age of  voids  In  the  sand  determined.  This  being  so  the  sensiblo 
plan  Is  to  use  the  tables  merely  as  a  rough  guide,  and,  where  the 
quantity  of  cement  to  he  used  Is  very  large,  to  make  a  few  bHtches 
or  mortar  using  the  available  brands  of  cement  and  sand  In  the 
Proportlooa  specified.  Ten  dollars  spent  in  this  way  may  Save  a 
thousand,  even  on  a  comparatively  email  Job.  by  showing  what 
cement  and  sand  to  select. 

TaBLS    III.       tNOREDIBNTB    IN     1    CtTBIC    TaRD    OP    CoNCBBrB. 

<Sand  volcis,  10%  ;  stone  voids,  46%  ;  Portland  cement  barrel  yleld- 

hig  S.B5  cu.  ft.  paste.     Barrel  specUled  to  be  3.8  cu.   ft.) 
Proportions  by  Volume.  1:2:4   1:2:5    l:Z:S   lT2Vj;fe   l:2i4:S  1:3:4 


1 


%' 


Cu.  yda    saM  per   cu.   yd. 

concrete    ', 0.41      0.38 

Cu.  yda  stdne  per  cu.  yd. 

concrete  ■/. 0.82     0,00 

Proportions  by  Voluiae       1:3  ;S  1:3:*  : 


Cu.  yda  sand!  per  cu.  "yd.     '  '  ■  , 

„  concrete    0.4S     0.44 

Cu,  yds.  stone  per  cu.  yd. 


Note, — This  table  Is-tO  be  used  where  cement  Is  measured  pecked 
in  the  barrel  for  the  ordinary  barrel  holds  3.S  cu.  fl. 

It  will  be  seen  that  the  above  table  can  be  condensed  Into  the 
following  rule: 

Add  toeetker  the  number  of  parts  and  difHde  this  attm  Into  (e«, 
'*e  gvaHent  will  be  approxltnateft'  'he  numbor  of  barrels  of  ce- 
wew  per  cubic  yard. 

Thus  tor  a  1 :  2  :  E  concrete,  the  sum  of  the  parts  Is  1  -H  S  -f  6. 
which  Is  8 ;  then  10  -i-  8  Is  1.25  bbla,  which  Is  approximately  equal 
to  the  1.30  bbie.  given  In  the  table.  Neither  this  rule  nor  this  table 
Is  applicable  If  a  different  slie  of  cement  barrel  is  speclfled,  or  If 
the  voids  In  the  sand  or  stone  differ  materially  from  40%  and  46  7i, 
re^>ei^tvely.  There  are  such  Inumerable  combinations  of  varying 
voids,  and  varying  slies  of  barrel,  tliat  the  author  does  not  deem 
It  worth  while  to  give  other  tables. 
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TABLB    IV.       iNOtUDUNTB  IN    1    CUBIC    YARD  OF  COMCOBTM. 

(Sand  volda,  40%  :  atone  voids.  4&%  ;  Portland  canienc  barrel  yl«Id- 

InK  3.S6   cu.   tt.  oC  paste.     Burrel  speclQed  to  be  4.1   cu,   ft.) 
PropoTtlonB  by  Volume.  1:Z:4   l;2:i   1:2:6  1:2^:$   1:21^:6   I:Si4 

BblB.    cement    per    cu.    yd. 

-  — 1.30     I. IB       1.00         l.OT  O.M  1.08 

cu.    vd. 

0.12      0.38      0.33         0.44  0.40  O.GJ 

0.84      O.oe       1.00         O.BB  0.9E  0.71 


Cu.   yds.  sand  per  cu. 

yd. 

Cu.  yds.  atone  per  cu. 

yd. 

ProportlonB  by  Volume. 
BblH.    cement    per    cU. 

yd. 

Cu.   yda   sand  per  cu. 

yd. 

Cu.   jndB.   atone  per  cu. 

yd. 

D      D.S2         U.YI  0.68  0.«4 

4       0.40         0.49  0.44  0.48 

Note. — This  table  Is  to  be  used  when  the  ciment  la  measured 
loose,  after  dumplne  It  Into  a  box  for  under  such  conditions  & 
barrel  ot  cement  yields  J-4  cu.  ft.  of  loose  cement 

Cbhbnt  pir  Cubic  Yard  of  Moktar  bt  Tbst. 

AccordbiK  lo  tests  by  Sabln.   by  Fuller    (In  Tavlor  and  Thomnson> 

and  by  H.  P.  Boardman,  the  totlowlnK  results  Wf  re  obtained : 

Neat.    1:1.    1:2.    1:3,    1:4.    1:5.    1:8.    1:7.    1:8. 

Authority.        Bbls.  Bbla.   Bbts.  Bbla.  Bbla.   Bbts.   Bbls.  Bbls.   Bbls. 

Sabln     7.40     4.17      2.84      2.00      1.62      1.23      1.14      

W.  G.  Fuller...    8.02      4.BS      2.09      2.30      1.80      1.48      1.23      1.11      1.00 
H.  P.  Boardman   7.40      4.K0      3.18      2.3&     

The  proportions  were  by  barrelH  of  cement  to  barrels  of  sand, 
and  Sabln  called  a  280-1b.  barrel  3.SG  cu.  ft.,  whereas  Fuller  called 
a  i80-Ib.  barrel  3.80  cu.  ft :  and  Boardman  called  a  3SD  Ibu 
barrel  3.5  cu.  tt.  Snbtn  used  a  nnd  having  38%  volda; 
Fuller  used  a  sand  luvlng  iu%  voids:  and  Boardman  used  a  sund 
having  38%  voids.  It  will  be  seen  that  the  cement  used  by  Sabln 
yielded  3.SE  cu.  ft.  of  cement  paste  per  bbl.  (I.  e.  27  -^  7.4),  whereas 
the  (Atlas)  cement  used  by  Fuller  yielded  3.4  cu.  ft.  of  cement 
paste  per  bbl,  Siibin  found  that  a  barrel  ot  cement  measured 
4,3T    cu,    ft,   when   dumped  and  measured   loose. 

Mr.  Boardman  states  a  barrel  (280  lbs.,  net)  of  L-ehlgh  Portland 
cement  yields  8,05  cu.  ft,  of  cement  paste;  and  that  a  barrel  (3fiS 
lbs.,  net>  ot  Louisville  natural  cement  yields  3.0  cu.  tt.  ot  cement 

Mr.  J.  J.  R.  Croei,  M.  Am.  Soc  C.  E.,  Btates  that  1  bbl.  of  Rosen- 
dale  cement  and   2  bbls.   of  sand    (8  cu.  ft.)   make  9.T   cu.   ft.   of 

mortar,  the  extreme  variations  from  this  averafce  bring  7%. 

The  Slia  and  Weight  of  Barrel*  of  Cemant — A  barrel  of  Port^ 
land  cement  contalnB  380  lbs.  of  cement,  and  the  barrel  Itself 
weighs  20  Iha  more.  The  size  of  the  barrel  varies  considerably, 
due  to  the  difference  In  weight  per  struck  bushel,  and  to  the  dlltar- 
ence  In  compressing  the  cement  !n  the  barrel.  A  light  burned  Port- 
land cement  weighs  100  lbs.  per  struck  bushel;  a  heavy  burned 
cement  weighs  118  to  13B  lbs.  per  struck  busbeL  The  number  ot 
cubic  feet  ot  packed  Portland  cement  In  a  barrel  ranges  from  S  to 
3%.     English  Portland   cement  barrels  contain   3^    to   8!4    cu.  ft. 
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ptwkaiL  Ther*  &re  unially  four  bag*  (cloth  ■acka)  of  cemant  to 
tbe  barrel  (uid  e&ch  bae  Itself  welctia  1  >4  Iba. 

Tb«  natural  cwneiita  tire  Ugbter  than  Portland.  The  WeMem  ce- 
loeaU,  such  aa  Loulavlll^  Akron  and  Utlca  walcb  2S6  Iba.  per  bbl., 
And  the  barrel  weishs  15  Iba.  more.  A  barrel  of  IjOulBviUe 
cemeat  =  3%  cu.  ft.  packed.  The  Roaendale  cements  of  New  Toi^ 
and  Pennsylvania  Welsh  300  lb*,  per  bbL  and  tlie  barret  weigh*  20 
Iba.  more.  There  are  ustially  three  bags  of  natural  cement  t4)  the 
barr^ 

Whan  conent  la  ordered  in  cloth  aacks,  there  la  a  charge  made  of 
10  eta  per  aack,  but  on  return  of  the  aacka  a  credit  of  8  to  10  eta 
per  nek  la  allowed.  Cement  ordered  In  wooden  barrels  costs  10  cts. 
laore  per  bbl.  than  In  bulk.  Cement  ordered  in  paper  bags  costs 
6  eta  more  per  bbl.  than  In  bulk.  Hence  It  Is  that  nearly  all  cement 
DMd  [n  large  quantities  la  ordered  In  cloth  aacka  which  are  retumeil. 

When  a  barrel  of  cement  Is  dumped  out  and  ehoveled  Into  a  box 
it  toeaaures  much  more  than  when  packed  In  the  barrel,  ordinarily 
from  20  to  30%  more.  I  have  mefisured  a  number  of  harrelB  of 
Eogllsh  Portland  cement,  which  is  still  much  used  on  the  Pacific 
CoaM  of  America,  and  And  that  a  barrel  havins  a  cauoclty  of  3% 
CI-  ft  between  heads  will  yield  4.5  cu.  ft.  of  cement  measured  dry 
and  looae  in  a,  box.  I  have  found  brands  of  American  Porthind 
cnnent  that  yield  4.0E  cu.  ft.  when  measured  loose  In  a  box.  The 
variation  is  considerable,  aa  la  seen  In  the  followlnB  table,  com- 
piled [ram  data  given  by  Hr,  Howard  Carson,  M.  Am.  Boc.  CI  E. : 
(2) 


Volur 


of  packed 


Cu.  ft  Cu.  ft  Cu. 

,      8.6  3.36 


'.'19 

2   % 

n 

the  sand  and 

it,  f 

means  about  35i 

AUaa  ....v.' „.,„ 

SaHor's    3.86  3. IS 

Allen  (German)    3.22  3.16 

t>y<;kerlioft   (OermaD)     3.12  8.03 

Some  engineers  requir^  the  contractor  to  men 
Hooe  in  the  same  alzed  barrel  that  the  cement 
Bart  at  sand  or  atone  usually  means  3^  cu.  ft 
permit  both  beads  of  the  barrel  to  be  knocked  o 
in  measuring  the  sand  and  atone :  then  a  barrel  u 
nL  ft  SUII  other  enelneers  permit  the  contractor  to  measure  his 
cement  In  a  box  loose:  then  a  barrel  usually  means  from  4  to  4.5 
cu.  ft  Since  most  of  the  cement  now  used  la  shipped  in  bags  and 
elDce  (our  bags  of  Portland  cement  make  a  barrel.  It  la  the  custom 
among  most  engineers  to  call  a  bag  1  cu,  ft.,  even  though  It  may 
yield  a  little  more  cement.  Still  other  engineera  prefer  to  specify 
Uiat  a  Portland  barrel  ahaJl  be  called  3.S  cu.  ft.  which  Is  equiva- 
lent to  100  lbs.  of  cement  per  cu.  ft 

It  la  deatrabla  tbat  engineers  and  architecta  adopt  some  uniform 
inactice  In  thla  matter,  for  now  a  contractor  Is  often  unable  to 
estimate  the  quantity  of  cement  required  for  any  specified  mlK- 
■iire  becauae  the  stie  of  the  barrel  Is  not  spedfled. 
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TberA  havA  been  advocates  of  proponJonlnK  parts  by  wetgtit, 
but,  aalde  from  Uie  fact  that  It  Is  seldom  convenient  to  weigh  the 
IngredlenU  ot  every  batch,  there  Is  no  gain  In  such  a  departure 
from  loDK-HtandlDK  precedenL  Sand  and  gravel  and  atone  are  by  no 
means  constant  In  ^>eclBc  gravity,  as  advocates  of  weighing  seem 
to  suppose. 

Effecl  of  MolMura  an  Voids  in  Band.— Few  engineers  and  fewer 
contiactors  realise  how  greatly  the  volume  of  sand  Is  aflected  by 
the  presence  of  varying  percentages  of  moisture  In  the  sand.  A  dry, 
loose  sand  that  has  4G%  voids  If  mixed  with  6%  (by  welslit)  ot 
water  will  swell  (unless  tamped)  to  such  an  extent  that  its  voids 
may  be  ET%,  The  same  sand  If  saturated  with  more  water  until  It 
becomes  a  thin  paste,  may  show  only  iTii%  voids  after  the  snnd 
baa  settled.  Tb*  following  testa  by  Feret  show  the  effect  that 
water  has  upon  sand : 

Two  kinds  of  sand  were  used,  a  very  line  sand  and  a  coarse  sand. 
They  were  measured  In  a  box  that  held  2  cu.  ft.  and  was  8  Ina  deep, 
the  sand  being  shoveled  Into  the  box,  but  not  tamped  or  shaken. 
After  measuring  and  weighing  the  dry  sand,  0.5%  (by  weight)  of 
water  was  added,  the  sand  was  mixed  and  shoveled  Into  the  box 
again  and  weighed.  This  was  repeated  with  varying  percentages 
of  water,  up  to  10%,  with  the  following  results: 

Per  cent  of  water  In  sand.    0%      O.S%       1%       2%       S%       5%      10% 
Lbs.    L.ba     L.tts    Lbs.     Lba    Lbs      Lba 

Weight    per    cu.    yd.    of 

fine  sand  and  water....  3.467  2,206  S.OSS  2,041  2,037  2,03G  2,133 
Weight    per    cu.     yd.     of 

coarse  sand  and  water.  Z,SE1  S.iSt  Z,3S0  2,122  2,aGg  2,070  Z,20i> 
It  will  be  noted  that  the  weight  of  mixed  sand  and  water  la 
given;  but,  to  ascertain  the  exact  weight  of  dry  sand  In  the  mix- 
ture, divide  the  weight  given  In  the  table  by  100%  plus  the  given 
tabular  per  cent ;  thus,  the  weight  ot  dry  flne  sand  mixed  wllh 
5%  of  water  Is  2,02e  -i-  l.OE  =  1.S3S  Iba  per  cu.  yd.  It  Will  also  b« 
noted  that  when  the  water  exceeds  3  to  5%,  the  weight  of  the  mix- 
ture Increases,  showing  that  a  larger  percentage  of  water  com- 
pacts the  sand.  The  voids  In  the  dry  line  sand  were  iS%,  and  In 
the  sand  with  G%  moisture  they  were  GS.T%. 

It  Is  well  known  that  pouring  water  onto  loose,  dry  sand  com- 
pacts It  By  mixing  flne  sand  and  water  to  a  thin  paste,  pouring  it 
Into  a  pall  and  allowing  It  to  settle.  It  was  found  that  the  sand 
occupied  11%  less  space  than  when  measured  dry  in  a  box.  The 
voids  In  flne  sand,  having  a  specific  gravity  of  2.EG,  were  deter- 
mined by  measurements  In  a  quart  measure,  and  found  to  be  as 
follows: 

Volda 

Sand,  not  packed   44 %% 

Kond,  shaken  to  refusal 35     % 

Sand,  saturated  with  water STH% 

Ur.  H.  P.  Boardman  made  some  experiments  with  (Thlrrago  sand 
having  34  to  40%  voids  when  dry,  by  adding  water  to  the  sand. 
The  results  were  as  follows: 
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Water  added,  %  by  weight ;i  4  «  g  10 

KmuIUds  lucreaae  In  volume. .     17.8         22        l!).E         t*.6         IM 
However,  n  very  moderate  amount  ol  abaklng  nould  raduc«  tltla 
bcreSK  In  volume  by   K   to   K. 

EfTect  ef  Size  of  Sand  Qralna  on  Voldi. — It  Id  e,oy  gIveD  volume 
ol  tand  all  the  sralni  were  of  the  same  ehaira  and  of  uniform  Blie, 
the  percenla«e  of  voids  would  !«  Ihe  Mrae  rcKardlesB  of  the  bIm 
of  the  smtoa.  This  la  equivalent  to  Baying  that  the  finest  blrdstaot 
bas  the  nine  perceDtage  of  volda  as  the  coaraeat  buckshot.  N&t- 
Oral  aaud  grains,  unleoB  they  have  been  aorted  by  acreenlng.  are  apt 
10  vary  greatly  In  size,  large  and  amall  being  Intermixed.  It  IB 
<lili  that  cauaea  such  wide  diacrepandes  In  published  data  aa  to 
the  percentage  of  voids  In  dry  bank  aanda.  We  may  divide  sand 
Into  three  aizea,  for  mnvenlence.  The  largest  size  (L)  being  sand 
Ibat  will  pass  a  slave  of  E  meahes  per  lineal  Inch,  but  will  not 
Km  a  sieve  of  16  meahes  per  lineal  Inch;  the  medium  alse 
(M)  belns  And  that  will  pass  a  IS-mesh  sieve,  but  will  not 
na  a  aleve  of  EO  meshes  per  lineal  Inch:  and  the  fine  sUe  (F) 
Mag  Band  tnat  will  ass  a  GO-meah  sieve.  IE  we  mix  varying 
proportions  o(  the  large,  medium  and  fine  (U  M  and  F),  we  find 
that  ve  get  the  densest  mixture,  with  the  leaat  velds,  when  we  have 
Ui  U,  MO,  T4  mixture,  that  Is.  S  parts  large  size,  no  parts  medium. 
«id  4  parts  ane  size.  With  a  dry  sand  whose  graina  have  a  specific 
Krarity  of  2.t5.  If  we  weigh  a  cubic  yard  of  either  the  tine,  or  the 
msdium.  or  the  large  alie,  we  And  a  weight  of  !.190  Iba  per  cu.  yd., 
Which  la  equivalent  to  61%  voids.  It  we  mil  the  three  different 
•tos  In  varying  proportions,  we  find,  as  above  stated,  that  an  LS, 
MO,  Fl  mixture  la  denseat,  and  It  weighs  2,8*0  Iba  per  cu.  yd. 
slioveled  into  a.  box  dry.  This  Is  equivalent  to  38%  voids.  We  can 
get  a,  denser  mixture,  with  a  lower  percentage  of  volda.  If  ne  mix 
aliout  equal  parte  of  aand  and  clean  gravel.  It  will  be  noted  that 
Uts  common  statement  that  the  densest  mixture  is  obtained  by  a 
mixture  of  gradually  Increaaing  elies  of  grains  is  erroneous.  There 
must  be  enough  difference  in  the  slsea  of  grains  to  provide  volda 
ao  large  tiiat  the  smaller  grains  will  enter  them  and  not  <vedg» 
tbe  larger  grains  apart. 

The  shape  of  the  grains  has  a  very  pronounced  effect  upon  the 
percentage  ot  voids,  rounded  grains  having  less  voids  than  angular 
grains.  Using  sand  having  a  granulometiic  composition  of  LB.  M3, 
Ft.  measured  In  a  Quart  measure,  the  following  results  were  obtained 
by  Peret: 

Voids, 

UnsbBken.       Bhaken. 

Nataral  aand,   rounded  grains SS.»%  2e.«% 

Crushed  quartztte  angular  grains 41.1  ZT.4 

CruHied  shellst  Oat  grHlna 44.3  31. S 

Residue  ot  quartille,  flat  grains 4T.S  t4.S 

The  measure  was  shaken  until  no  turtber  settlement  could  ba 
deduced. 

Ur,  William  B.  Puller  made  the  following  testa:  A  dry  aand. 
having  34%  voids  iriuank  9.1?^  In  v(dume  upon  thorough  lamping. 
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until  It  had  27%  voids.  The  SEune  sand  moistened  with  G%  water, 
and  loose,  had  44%  voids,  which  was  reduced  to  31%  by  raimnlng. 
The  same  sand  saturated  with  water  had  33%  voids,  and  by  thorough 
rammlDK  Its  volume  was  reduced  8iA%,  until  the  sand  had  only 
26  H%  voids. 


Held  br  a. 

sieve. 

200  ; 

Tabli  V. — Sizes  c 


Sand  Orukb. 


Voids 
'Note. — A^ls  a  "line  r 
delDbla.  "■ 


Locality. 
Ohio  Hlver 
Sandusky,  i_ 
Fmnklln  Co, 


39%  41.7%  »I% 

(conlalQlnlc  8%  clay)  used  at  Phlla- 
aand.       C.    8L    Uary's    River    sand. 
eac  and  sban)," 
— Voioa  i(J  BiND. 
rity.  Voids. 

"-■■  SIK- 


..._...     C    B.    Sherman 
lusky  Bay,  O...     SB.    Newberry 

Louis,    1(0 H.   H.   Henby 

iMult  Ste.  Marie. ...     H.  von  Schon 

Chicago,    III H.  P.  Boardman 

Phliaae^hlo,    Pa 


Geo.  A.   Kimball 
Myron  S.  Falk 
W.    B.    Fuller 
a,  W.  Chandler 


46^% 
30% 


Ulss-Rlrer 

Del'.  Rtv«r 
Clraii' 


Voldt  and  Weipht  of  Broken  Stone  and  Oravtl. — Data  as  to 
these  will  be  found  In  Section  III,  Sock  BxcavatlOD.  Consult  tha 
Index  under  "Broken  Stone,"  also  under  "Oravel." 

Tablai  -lor  Estimating  the  Cost  of  Concrete  and  for  Dsifgnlng 
Reinforced  Concrete  Beams  and  Slabs.' — Tables  of  cost  and  crush- 
ing  streoBth   o(   concrete   mixtures,   when   compiled   from   reliable 


ttSt 


data,  have  &  very  useful  purpoBe  In  (licurlnK  on  c 

our  Issue  of  Feb.   IS.  1908.  we  published  a  table  of  this 

lonK  used   by  a  prominent  £aatem   contractor.     Another  table  of 

'EHfflneerinil-Contractitie,  Aitg.  2t,  ISOg. 
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similar  scope  Is  given  here  (Table  VII).  This  table  has  been  com- 
piled by  Mr.  H.  J.  Flxmer.  Assistant  Knglneer,  Board  of  LiOca]  Im- 
provements, Chicago,  111.,  trom  various  and  It  Is  believed  trustwarthy 
aources.  The  cost  column,  while  necessarily  baaed  on  given  Con- 
stanta, shows  relative  coats  o(  different  mixturea  which  are  fairly 
true  for  all  cases.  These  costs.  In  connection  With  the  ratio  of 
strength  flgures,  show  almost  a[  a  glance  the  economy  of  the  selected 

Table  VTII  Is  used  in  designing  Slabs  and  girders.  Attention  Is 
called  to  the  fact  that  the  value  ft  Is  used  and  that  the  value  d-k  Is 
the  selected  thickness  of  tlie  tlreprooflng  only.  In  other  words  the 
depth  of  the  beam  Is  the  value  ft  plus  the  thickness  required  for  Are- 
pmodnK.  The  value  fc—bOO  lbs. — Is  practically  the  universal  build- 
ing code  allowance.  The  value  fa  of  course  varies  with  the  percent- 
age of  steel  used.  A  little  study  of  the  table  shows  the  advantage 
Of  using  not  less  than  l'A%  ef  steel  for  reinforcing:. 

For  purposes  of  comparison  the  following  data  as  to  brickwork  are 

Crushing  strength  Coat  per 
lbs.  per  sq.  In.       cu.  It. 

Plrst-class  brickwork  In  cement   mortar S3t  TD.44 

Qood  brick  In  cement  mortar 488  0.S5 

Ordinary  brick  In   lime  mortar 347  O.SC 

1,000  brick  =  40  cu.    ft.  when  laid. 

Percsntage  of  Water  Required  In  Mortar^-A  good  rule  by  which 
to  determine  the  percentage  o(  water  by  weight  for  any  given  mIX' 
ture  of  mortar  Is  as  follows:  Multiply  the  parts  of  sand  by  g.  add 
2i  to  the  product  and  divide  the  total  by  the  sum  of  the  parts  of 
sand  and  cement- 
Example:  Required  percentage  of  water  tor  a  mortar  of  1 
cement  to  3  sand : 

1  cement  =  24% 

S  sand    X    8%        =24% 

4  parts    at    12%    =48% 

Hence  the  water  should  be  12%  of  the  combined  weight  ot  the 
cement  and  sand.  For  a  1 ;  l  mortar,  the  rule  gives  1S%  Water.  For 
1:Z  mortar  (he  rule  gives  13V^%  water.  For  a  1:6  mor- 
tar the  rule  gives  10.3%  water.  Incidentally.  It  may  be 
added,  the  percentages  of  water  obtained  by  this  rule  give  a  mortar 
that  has  the  greatest  adhesion  to  steel  rods  (see  Falk's  "Cements, 
Mortars  and  Concretes."  page  ei). 

AtMut  23  gala  of  water  are  required  per  cu.  yd.  of  1  r  S :  (  concrete. 

Estimating  the  Cost  of  Steal  In  Reinforced  Concrete.— In  re- 
inforced concrete  the  amount  of  steel  Is  usually  expressed  In  per- 
centages of  the  volume  of  concrete.  Thus  1%  of  steel  means  that 
one  one-hundredth  part  of  the  volume  of  reinforced  concrete  Is  steel. 
In  a  cubic  yard  of  reinforced  concrete  there  Is  1%  of  27  cu.  ft.,  or 
0,27  cu.  It.  ot  steel,  If  the  relnforeement  la  t%.  A  cubic  foot  of  steel 
weighs  4S0  Iba.  but  for  all  practical  purposes  We  can  call  It  500  lbs. 
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0.4G 

•.to 

O.SG 

a.sa 


1.00 
LIB 

1.S0 


KnowluK  the  price  of  steel 
of  multiplication  to  eatimaite 
Bge  of  reinforcerr 
ateel  for  a 


relatorclnK.  It  1b  a,  atinple  matter 
coBt  of  the  steel  for  any  percent- 
Far  exajDpie  it  IB  deMred  to  know  Clie  cost  of 
iforced  wltli  twisted  bars  %-ln.  squares 


the  steel  amountlns  to  0.10%.  According  to  the  table  there  would 
be  40.6  IbB.  of  steel  per  cu.  yd.  in  concrete  reinforced  with  0.10%  of 
steeL  The  rollawlng  table  of  prices  Is  given  Id  a  catalog  of  nan- 
some's  Id  190C : 


Add  the  prices 


1  ^   inch  square  odd O.TO 


The  above  ngurea  are  for  carload  lots.  For  quantities  less  t 
carload  lots,  add  tO.OS  per  100  lbs.  For  Quantities  less,  betw 
1,000  lbs,  and  2,000  lbs.,  add  (0.10  per  100  Iba. 

For  quantities  less  than  1. 000  Iba.  add  tO.30  per  100  Iba 
If  the  present  price  of  plain  steel  bars  Is  11.50  per  100  lbs.,  f.  t 
Pittsburg,   then   the  price  of    %-la.    Ranaome    twisted   > 


ii.eo  +  to.TO, 

burg.    Let  us 

up  to  :u  cts.  per  lb.,  dell 
Ing  and  placing  steet  in 
^l  ct.  per  lb.    Hence  the 


2.1  eta.  per  lb.  f.  o.  b.  Pitts- 
freight  and  haulage  brlngw  the  price 
Ivered  on  the  Job.    The  labor  cost  of  bend- 
-elnforced  concrete  strvers  averages  about 
total  cost  of  the  steel  In  piece  la  t  ct*.  per 
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lb.  In  mil  psrUcnlAr  caae.  Since  Umts  are  40^  Ibo.  of  steel  per  cu. 
yd.  at  concrete  containing  0.30%  Keel,  we  bave  a  total  cost  ol  40.^  X 
>  eta  =  11.13  per  cu.  yd.  (or  the  «te«L 

In  like  manner  all  BUnllar  probUma  may  t>e  eolved.  To  facilitate 
rapid  eartlmatea,  It  Ib  a  good  plan  to  keep  records  ol  all  reinforced 
ooocrete  (tructuree  In  nich  form  as  to  sbow  the  percentage  of  steel 
used.  Id  dolus  this,  however,  be  careful  to  separate  the  fouuda- 
tkiiiB  which  are  not  reinforced  from  the  superstructure  which  is  re- 
inforced. A  reinforced  concrete  arch  brldxe  umaltr  rests  on  abut- 
menta  which  are  not  reinforced.  Do  not  lump  toKether  all  the  con- 
crete In  making  an  eatlmBte,  but  separate  the  arch  from  the  abut- 
DWDta  Frequently  enKlneers  have  failed  to  separate  the  yardage  of 
loundatloii  from  the  yardage  of  superstructure  of  reinforced  concrete 
bridge^  yet  without  sucb  a  s^aration  accurate  cost  estlnuttes  are 
Impossible. 

Com  of  Sand^The  cost  ol  tand  may  be  estlntated  by  adding 
tosacher  the  cost  of  loading  In  the  pit,  the  cost  of  hauling  In 
VBgoDB,  the  cost  of  freight  and  rehandllng  If  necessary  and  the  coat 
of  waAlng.  On  page  G&3  are  given  data  on  the  cost  of  shoveling 
■and  Into  wagons.  The  cost  of  wagon  hauling  Is  given  on  page  12B. 
Freight  rate*  can  always  be  secured,  and  It  Is  usually  safe  to  eatl- 
nate  the  nelaht  on  a  baals  of  2. TDD  Iba  per  cu.  yd.,  provided  the 
nod  has  not  been  rained  upon  after  loading  In  the  car.  The  coat 
of  screening  sajid  by  hand  Is  the  coat  of  shoveling  It  up  against  an 
Inclined  screen:  but  If  a.  large  amount  of  gravel  must  be  screened 
to  get  a  small  amount  of  sand,  care  must  be  taken  to  make  testa  In 
the  pit  to  ascertain  how  many  cubic  feet  of  gravel  and  sand  must 
be  Etoveled  to  aecure  one  cubic  foot  of  sand,  la  some  places  sand 
muit  be  dredged  or  pumped  with  a  aand  pump  from  the  bottom  of  a 
river  or  lake.  In  other  places  sand  must  be  made  by  crushing  stone 
and  running  the  small  crushed  product  through  rolls.  At  Coudera- 
port.  Pa.,  a  small  plant  for  making  artificial  sand  from  stone  has 
been  in  operation  tor  many  yeara 

Stone  was  crushed  and  passed  through  rolls  In  order  to  make  a 
sand  for  the  mortar  used  In  the  Lanchensee  Dam,  Germany.  A  Jaw 
crusher,  driven  by  a  IG-hp.  engine,  cruahed  6G  cu.  yds.  of  stone 
(graywadu)  per  10-hr.  day.  All  plecea  from  a.ie  to  l.E  Ina  dlam* 
eler  were  passed  through  roUa.  The  rolls  were  14  M  Ina.  long  and 
14  Ins.  diameter,  and  made  tt  revolutions  per  minute^  requiring  12 
(o  IE  bp.  A  pair  of  these  rolls  produced  20  cu.  yds.  of  sand  per 
lO-hr.  day.  The  rolls  bad  chilled  bands  which,  when  worn,  were 
■roDnd  true  with  an  emery  wheel  without  removing  the  rolla 

Where  a  large  amount  of  concreto  la  to  be  made,  a  contractor  can 
Mdom  afford  to  guees  at  the  source  of  bis  aand  supply.  I  have 
known  several  instances  where  long  hauls  over  poor  roada  have  made 
the  aand  more  expmslve  than  the  stone  per  cubic  yard  of  concrete. 
Each  job  should  Iw  estimated  tn  detail,  using  the  data  given  else- 
where in  this  book.  , 

A  very  common  price  for  sand  In  dtles  Is  tl  per  cu.  yd.,  delivered 
at  the  work.    Sand  Is  often  sold  by  the  load.  Instead  of  by  the  cublo 
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jiard.  It  is  wise  to  hav«  a  written  agreement  daOnlog  tha  site  of  a 
load. 

Coat  of  Wathlng  Sand  In  a  Tank  Wather.— Mr.  W.  H.  Koper 
glvea  tbe  followlnK  data  on  the  coat  of  waablng  aand  tor  U.  S.  Lock 
Na  3,  at  Sprlngdale.  Pa.  The  sand  dred8«d  from  ttra  river  con- 
tained much  fine  coal  and  silt  which  was  removed  bjr  tbe  waaher. 
which  consisted  of  a  circular  tank.  9  TL  dlam.  x  7  ft  high,  provided 
with  a  sloping  false  bottom  perforated  with  1-ln.  holes,  through 
which  water  was  forced.  A  IHxGxI-ln.  pump  with  a  S-ln. 
dlBcharge  pipe  was  used  to  force  the  water  Into  tbe  tank.  The 
paddles  for  keeping  the  send  In  su^>eDstan  were  rotated  by  a  T-hp. 
engine.  A  charge  of  II  cu.  yds.  of  sand  was  washed  In  from  I  to  2 
hra.  at  a  cost  of  7  ctK.  per  cu.  yd.  This  device  was  designed  by 
CapC.  W.  R  Qraham,  who  Is  aald  to  have  applied  for  a  patmt.  It  la 
doubtful  whether  any  patentable  combination  exists  In  the  device. 
See  Gillette  and  HlU'a  "Concrete  Constnictlon"  for  the  design  of 
this  washer,  and  also  for  the  design  of  Che  one  described  In  the  next 
pamKraph. 

Mr.  F.  H.  Stephenson  gives  the  following  data  relating  to  a  n.nd 
washer  designed  by  Mr.  Allen  Hazen,  which  consisted  of  a  wooden 
box  ID  ft.  long,  ZH  ft.  wide  and  SV,  ft  deep:  a  6-ln.  pipe,  provided 
with  _a  gate,  or  valve,  enters  at  one  end,  and  connects  with  three 
3-In.  pipes  capped  at  the  ends  In  Che  bottoms  of  these  3-ln.  pipes 
are  %-ln.  holes,  spaced  S  [na  apart,  througti  which  water  discharges 
under  pressure  Into  the  box.  Band  Is  shoveled  Into  the  box  at  one 
end.  and  the  upward  currents  of  water  raise  the  fine  and  dirty  par- 
ticles until  Ihey  eecape  through  the  waste  trouRha  When  the  box 
becomes  tilled  with  aand  a  sliding  door  Is  raised  at  the  end,  and  the 
clean  sand  flows  out  through  a,  3-ln.  hole  In  the  box.  The  operation 
Is  continuous,  so  long  as  sand  Is  fed  Into  the  washer.  By  manipu- 
lating the  door  the  sand  can  .be  made  to  How  out  with  n  very  small 
percentage  of  water.  Sand  containing  7%  of  dirt  was  tbus  Washed 
so  that  It  contained  Only  0.4%  dirt  In  10  hra  the  Washer  handled 
300  cu.  yda  ol  sand. 

If  sand  Is  bandied  to  and  from  the  washers  by  shovels  the  cost 
of  shoveling  Is  the  largest  Item  of  expense,  and  this  can  be  eadty 
estimated.  If  the  sand  Is  dumped  Into  bins  which  feed  into  the 
washer  by  gravity,  and  Is  Anally  delivered  by  gravity  to  buckets  or 
carih  the  cost  of  washing  Is  mainly  the  cost  of  pumping,  plus  the 
Interest  and  depreciation  of  plant.  The  amount  of  water  required  per 
cubic  yard  has  been  given  above,  so  that  a  close  estimate  of  cost  can 
readily  be  made  for  any  given  condition. 

Other  data  as  to  methods  and  costs  of  washing  aand  uid  gravel 
will  be  found  In  "Concrete  Construction — Methods  and  Cost"  by 
Otllette  and  Hill. 

Cost  of  Washing  Sand  With  a  Hose.— ^Where  the  quantity  of  sand 
to  be  washed  Is  not  very  large,  the  simplest  method  Is  to  use  water 
from  a  hose.  Build  a.  lank  8  ft  wide  and  IS  ft.  long,  the  bottom 
having  a  slope  of  about  S  Ins.  In  the  IB  fL  The  sides  should  be 
about  8  Ins.  high  at  the  lower  and,   rising  graduallr  to  S  ft.,  th« 
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belgtit  of  the  npper  end.  The  lower  end  of  this  tank  sbould  b« 
dosed  with  a  board  gate  about  B  Ine.  high,  alldlng  In  xnlilea  ao 
that  It  can  be  removed.  Dump  about  I  cu.  rein,  of  tlie  dirty  aand  at 
the  upper  end  of  the  platform  and  play  a  atream  of  water  upon  It 
from  a  %-la,  noule,  the  man  atandlnr  on  the  outelde  of  the  lower 
end  of  the  pEatform.  The  water  and  aond  flow  down  the  platform 
and  the  dirt  paaaaa  oil  with  the  overflow  water  over  the  gate.  In 
about  an  bour  the  batch  of  Band  will  be  waahed.  By  building  a  pair 
of  platfonnB  the  waahing  can  proceedecontinuouBlr .  and  one  man 
can  waeh  10  cu.  yda.  a  day,  at  a  coat  of  6  eta.  per  cu.  yd.  for  his 
labor.  To  thla  must  be  added  the  coat  of  ahoveling  up  the  aand 
agBln.  aay,  10  eta.  per  en.  yd.,  and  anr  extra  hauling  due  to  the 
location  of  the  waaher.  If  the  water  la  pumped,  about  10  eta  more 
per  cu.  yd.  will  be  ipent  for  oo«l  and  wagea,  making  a  total  of 
IS  eta.  per  cu.  yd. 

Waahing  With  Sand  Ejectors.— 'Who^  very  large  quantities  of 
aand  are  to  be  washed  more  expensive  apparatus  than  iil>ove  d«- 
acTlbed  may  be  uaed.  In  OiUette  and  Hill's  "Concrete  Construction** 
win  be  found  detail  drawings  of  what  are  termeJ  "aan.!  ejectora." 
conalBtlng  of  a  row  of  conical  hoppers  now  uaed  extensively  for 
iraahing  Alter  sand.  From  the  bottom  of  each  hopper  the  sand  And 
water  are  forced  to  the  top  of  the  next  hopper  by  a  atream  of  Water 
passltiK  through  an  ejector.  The  dirty  water  overflowa  at  the  top 
of  each  hopper,  and  Anally  clean  aand  la  dlacharged  into  receiving 
bins  or  bncketa.  One  man  can  readily  attend  to  feeding  the  aand 
Into  the  flrat  hopper  and  another  nnan  will  handle  the  discharge.  It 
requires  aboAt  S.OPO  gala,  of  water  per  cu.  yd.  of  sand  washed. 
ao  that  with  an  output  of  St  im.  yds.  of  Bind  In  10  hrs.,  the  amount 
of  water  to  be  pumped  la  108,000  gala.  A  gaaollne  pump  may  • 
be  oaed. 

With  such  an  oatput  the  cost  would  ba  about  as  follows; 

Per  Day.    Per  Co.  Td. 

S  laborers  at  IS M.OO         10.111 

1  man  on  bump S.OO  0.083 

Puel,  etc,  for  i  tip.  pump 1.00  0.088 

Total  tl.00       to.iiz 

The  cost  of  pumping  can  be  greatly  reduced  where  a  larger  yard- 
aige  yi  to  be  washed  dally. 

For  other  data  on  sand  waahing  with  electora  see  the  part  of  the 
■ectlon  on  Waterworks  devoted  to  sand  tittering. 

Cost  of  Washing  Oravci.~In  the  Railway  Bectlon  will  be  found 
4ftta  on  the  cost  of  washing  gravel  for  railway  ballast 

Cost  ot  Tranvorting  In  Push  Carts, — For  hauling  concrete  over 
ConqMiatlvely  level  rmiway^  two-wheel  push  carts,  or  concrete 
buggies  are  tar  more  economic  than  wheelbarrowa  A  cart  having 
a  capacity  of  t  cu,  ft.  and  holding  about  0.2  cu.  yd.  of  concrete.  Is 
pushed  by  one  man.  With  wages  at  15  cts.  per  lir.,  and  man  trav- 
eilDg  ZOO  ft  per  min,.  the  cost  would  tre  1^  eta  per  cu.  yi.  per  IDO 
n  mixing  board  to  point  of  dumping  the   con- 
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Crete.    Two  line*  of  plank  ahould  be  laid  (or  the  wheeli  to  travel  on. 
Coat  of  Making  Concrctt  by  Hand. — The  cost  o(  maklnx  concrete 
by  baud  twiy  be  divided  into  the  following  Items : 

(1)  LoadlnK  the  barrows,  bucket*,  carta  or  cars  nsed  to  trans- 
port the  materials  (atone,  Mnd  and  cement)  to  tbe  mlxlns  board. 

(2)  Tranaportlnx  and  dumping  the  materials. 

(S)  Mixing  the  materlala  by  tuminr  with  ahovela  or  hoea 

(4)  Loading  the  concrete  with  ahovela  Into  barrows,  bucketiL 

carts  or  cara 
(S) 
(«> 
(T) 

(8)  Porma,  runwaya,  cement  house,  blna,  etc. 

(9)  FlnlshlnK  the  surface  ot  the  concrete. 
(ID)  Superintendence  and  general  expenaea 

unloading  the  Materlala  From  Car*.— The  stone  and  aand  will 
ordinarily  be  delivered  by  wagon*  or  cara  and  (lumped  Into  stock 
piles  as  near  the  proposed  work  ae  posaible,  without  being  In  the 
way  after  construction  beglna  The  contractor  should  use  fore- 
thought not  only  In  planning  the  location  of  his  stock  pllea.  but  also 
In  providing  a  large  enough  storage  capacity  to  tide  over  Irregu- 
iHrlllea  In  tlje  delivery  of  materlala,  eapeclally  where  material* 
come  by  rail  from  a  dlatance.  It  is  usually  a  short-sighted  policy 
to  attempt  to  unload  direct  from  the  railway  car*  onto  tbe  mixing 
board,  without  providing  a  atock  pile;  for  the  foreman  will  be 
spending  moat  of  hia  time  trying  to  get  the  railroad  to  deliver 
material*  promptly.  By  all  means  provide  stock  piles,  unless  thera 
U  name  good  reason  to  the  contrary. 

Band  can  be  dumped  directly  on  the  ground,  but  broken  atone 
(unless  It  is  very  small.  K-ln.  or  less  In  else)  should  always  be 
dumped  upon  a  plank  Door,  well  made  Such  a  floor  should 
consist  of  2-III.  plank  laid  on  <  x  C-ln.  strlngera,  Ormly  bedded  in  the 
ground  and  spaced  about  S  ft.  apart  Never  lay  a  lot  of  loose  plank 
directly  upon  the  ground,  without  stringers,  for  they  are  sure  to 
settle  unevenly  under  the  load,  and  thus  make  It  dltllcult  to  ahovei 
up  the  stone.  The  object  of  the  plank  is  to  provide  an  even  surface 
along  which  a  square  pointed  shovel  can  be  pushed  In  loading  ,bar- 
rowa,  carta,  etc^  I  find  that  a  man  oui  load  18  or  2D  cu.  yda  of 
broken  atone  Into  wheelbarrows  In  10  bra,  If  he  la  shoveling  oil  a 
well-laid  plank  platform,  but  he  will  not  average  more  than  13  or 
14  cu.  yda  a  day  shoveled  from  a  pile  without  a  plank  flooring.  The 
reason  Is  that  a  shovel  can  be  shoved  with  difllculty  Into  a  mass  of 
broken  atone  (2-ln.  slie),  but  can  readily  be  ahoved  along  a  plank 
floor  Incidentally  I  may  add  that  broken  stone  delivered  In  hopper- 
bottom  cars  can  be  shoveled  with  dltllculty  as  compared  with 
shoveling  In  Rat-bottom  cars:  the  ratio  being  about  14  cu.  yda  per 
man  per  day  from  hopper-bottom  cars  as  compared  with  10  cu.  yda 
from  flat  cara     On   the  other  hand,   the   hopper-bottom  coal   car 
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aliauld  alvajTB  b«  chosen  where  It  can  be  dumped  through  a  ireatle. 
If  [h«  amount  ot  work  to  be  done  will  JuaUfy  the  sxpenae  a  treetle 
may  be  built.  Often,  however,  there  la  a  railroad  embankment 
which  can  be  dug  away  (or  a  ahort  distance  and  BtrloKers  placed  to 
rapport  the  track.  Then  the  cars  can  l>e  dumped  Into  the  hole 
thus  made,  and  the  material  shoveled  out  and  down  the  slope. 

Many  torenen  tor  railway  companies  waste  hundreds  of  dollars 
by  abovelinc  the  materials  from  freight  cars  out  upon  the  earth — 
often  upon  the  side  of  an  embankment  where  shoveling  Is  very 
dllBculL  In  many  cases  It  would  have  paid  well  to  have  unloaded 
the  cars  by  the  aid  of  a  stlCt-leK  derrick  and  Iron  buckets  or  skips 
loaded  by  the  shovelers  In  the  cars;  these  skips  being  dumped  upon 
a  well-made  platform.  In  other  cases  chutes  lined  with  sheet  Iron 
would  have  served  to  deliver  the  stone  upon  a  plank  llooring  at  the 
foot  of  the  embankment.  Just  as  coal  Is  delivered  Into  a  cellar. 
namp  Band  will  not  slide  down  a  chute  on  a  slope  of  IH  to  I,  but 
coarse  broken  atone,  It  given  a  start  when  cast,  with  the  shovel,  will 
slide  on  an  Iron-shod  slope  ot  a  or  4  to  1. 

It  the  material  Is  delivered  In  wagons  It  seldom  Is  necessary  to 
haive  large  stock  piles  provided  the  wagons  come  direct  from  the 
sand  pit  and  the  quarry. 

Cost  of  Loading  the  Materials.— A  man  who  la  a  wllUna  worker 
can  readily  toad  20  cu.  yds.  of  sand  Into  a  barrow  at  cait  M  ID  hra, 
but  under  poor  foremen,  or  when  laborer*  are  scarce,  IT  Is  not  safe 
to  count  upon  more  than  IB  cu.  yds.  a  day,  oi".  say,  10  eta  per  cu.  yd. 
for  loading.  Practically  the  aame  figures  hOld.  true  ot  brokfen  stone 
shoveled  oft  a  good  plank  floor ;  but.  If  the  stone  Is  shoveled  off  the 
ground,  estimate  IS  cu.  yds.  a  day  under  good  managenient,  or  IS 
cu.  yds.  a  day  under  poor  managemenL  Since  In  a  cubtc  yard  of 
concrete  there  are  ordinarily  about  1  cu.  yd.  ot  broken  stone  and 
einut  0.4  cu.  yd.  of  Send,  the  cost  ot  loading  the  materials  Into 
wheelbarrows  and  carts  Is  as  follows,  wages  being  IG  eta  per  tiour: 
1  cu.  yd.  stone  loaded  for  11  cts. 
0.4    cu.    yd.    sand    loaded    tor     4  eta.  , 

1  cu.  yd.  concrete  loaded  for  IB  cts. 

The  cement  can  be  loaded  with  more  ease  than  the  other  material^ 
whether  It  la  In  barrels  or  In  baga,  and  the  coat  of  loading  It  Into 
boiTows  or  carts  will  be  not  over  2  cts.  per  cu.  yd.  of  concrete,  thua 
mailing  a  total  of  17  eta.  per  cu.  yd.  for  loading  the  concrete  ma- 
terials Into  barroWB  or  carls. 

Cost  of  Transporting  the  MaterUla.— The  most  common  way  of 
traonrartlng  the  msterlala  from  stock  piles  to  the  mixing  l>oard  Is  In 
WbeellxirrowB  over  plank  runways.  A  wheelbarrow  Is  usually  load- 
ed with  2  sacks  of  Portland  cement  (200  lbs.),  or  with  2  cu.  ft.  of 
stone  or  of  sand.  It  a  aleep  rise  must  be  made  to  reach  the  mixing 
platform ;  but.  If  the  run  Ih  level.  300  lbs.  of  cement,  or  3  cu.  ft. 
ot  aaad  or  atone  Is  a  common  wheeIt>ai-ro«  load.  A  man  wheeling 
a  barrow  travels  at  the  rate  of  about  ZOO  ft.  per  minute,  going  and 
coming,  and  loses  %  minute  each  trip  dumping  the  load,  Bxing  run 
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plankit  et&    An  active  man  will  do  20  or  a 

while  a.  vers  lazy  nuix  may  do  20%  less.    V 

hour,  the  codt  of  wheeling  the  materialB  for  1  cu.  yd.  of  concrcie 

may  be  obtained  by  the  followlnK  rule : 

To  a  fixed  cost  of  t  cts.  (for  lust  time)  add  1  ct.  for  every  2fl  ft. 
of  distance  from  slock  pile  to  mixing'  board  It  there  la  a  steep  rise  In 
the  runway,  but  If  the  runway  Is  level  add  1  cL  for  every  30  ft. 
distance  of  haul.  Since  loading  the  barrows  coats  17  cts.  per  cu.  yd. 
the  total  tlxed  cost  Is  4  +  17  eta.  or  21  eta  per  cu.  yd.,  to  Which  is 
added  1  ct.  far  every  20  or  ao  ft.  of  haul,  according  to  the  cbancter 
of  the  runway. 

I  have  frequently  .seen  small  stock  piles  located  as  close  aa  pos- 
sible to  mixing  boarda.  so  that  wheelbairows  were  not  used,  the 
materials  being  carried  In  shovels  direct  to  the  mixing  boards.  On 
work  of  any  consldsrable  slEe  this  is  a  very  foolish  plan,  aa  ws  can 
readily  see.  It  takea  from  100  to  ISO  ahoveltulH  of  stone  to  make 
I  cu.  yd.  It  therefore  coala  at  the  rate  of  BO  ctn.  per  cu.  yd,  to 
carry  It  100  ft.  and  return  empty  handed,  for  in  walking  short  dis- 
tances the  men  travel  very  slowly — about  lliO  ft.  per  minute.  From 
this  It  appeara  that  It  costs  more  to  walk  even  half  a  doien  paces 
with  stone  carried  tn  shovela  than  to  wheel  It  In  barrows.  Of 
course,  by  using  large  coal  scoops  the  cost  of  carrying  material  In 
shovels  could  be  reduced  to  one-half  or  one-third  the  cost  with  ordi- 
nary n\if)j^;   but  scoops  ore  never  used  In  mixing  cohcrete. 

Another  nlstake  that  la  verr  eotnmonly  made  by  foremen  is  to 
provldo  no  plank  runWEij-s  from  the  stock  pile  to  the  mixing  traard, 
but  Inelead  to  run  the  wt^eelbarrows  over  the  ground.  This  Is  bad 
enough  l?^'e^  In  dry  weather  over  a  very  hard  packed  earth  path. 
but  after  a  rain  or  on  a  soft  pathway  It  means  a  great  loss  of 
efficiency.  Had  I  not  seen  this  error  committed  repeatedly,  I  should 
not  mention  It.  for  It  would  seem  that  no  foreman  could  be  ao  ahort- 
alghted  as  not  to  provide  a  few  planks  for  runways. 

Where  the  runway  must  rise  to  the  mixing  board,  give  it  a  dope 
or  grade  seldom  steeper  than  1  In  S.  and  It  posslbls  Hatlsr.  Make  a 
-cunway  on  a  trestle  at  least  IS  Ins.  wide,  so  that  men  will  be  In  no 
danger  ot  falling.  Bee  to  It,  also  that  the  planks  are  so  well  sup- 
ported that  they  do  not  spring  down  when  walked  over,  tor  a  springy 
plank  makes  hard  wheeling.  It  the  planks  are  so  long  between  the 
"horses"  or  "bents"  used  to  support  them,  that  they  spring  badly,  it 
Is  usually  a  simple  matter  to  nail  a  cleat  across  the  underside  of 
the  ptnnltB  and  atend  an  upright  strut  underneath  to  support  and 
stiffen  the  plank. 

Materials  may  t>e  hsuled  In  one-horse  dump-carts  for  all  distances 
more  tlian  50  fL  (from  stock  pile  to  mixing  board)  at  a  cost  teas 
than  for  wheelbarrow  hauling.  A  cart  should  be  loaded  In  4  mlna, 
and  dumped  In  about  I  mln„  making  6  mlna  lost  time  each  round 
trip.  It  should  travel  at  a  speed  of  not  less  than  2O0  ft  per  min., 
although  It  Is  not  unusual  to  see  variations  ot  IS  or  S0%,  one  way 
or  another,  from  this  average,  depending  upon  the  manMnment  irf 
the  work.     A  one-horse  cart  will  readily  carry  enough  atone  and 
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Hud  to  make  H  cu-  yi-  ot  concrete.  If  the  roadB  are  fairly  bard  and 
level :  and  a  horse  can  pull  this  load  up  a  10%  Crlaa  of  1  ft.  In  10 
ft)  planked  roadvay  provided  with  cleaU  to  eive  a  foothold.  If  a 
home,  cart  and  driver  can  be  hired  for  30  eta  per  hour,  the  coat 
gC  hauling  the  materials  for  t  cu.  yd.  of  concrete  la  glveD  by  the 
tollonrlnK  rule : 

To  a  Died  coat  of  E  cts.  (tor  lost  time  at  both  ends  of  haul) 
add  1  ct.  for  every  100  ft  of  distance  from  etoclc  pile  to  mixing 
kioard.  Where  carle  are  used  It  Ih  poBKlhle  to  locate  the  stock  piles 
■areral  hundred  feet  from  the  mixing  boards  without  adding  ma- 
terially to  Uie  coat  ot  the  concrete.  It  Is  well,  however,  to  have  the 
•tock  piles  In  alght  of  the  foreman  at  the  mixing  board,  so  as  Co  In- 
auie  promptness  of  delivery. 

Cost  of  Mixing  the  Matcrlsls.— This  element  ot  coat  depends  upon 
the  number  of  times  that  the  materials  are  turned  over  With 
■bevels.  I  have  seen  street  paving  work  where  the  Inspection  was  so 
Iti  that  the  contractor  was  required  to  turn  over  the  mass  of  sand, 
cement  and  stone  only  three  times  before  shoveling  It  Into  place. 
On  the  other  hand,  the  contractor  Is  rarely  required  to  turn  over  the 
leaient  and  sand  more  Chan  three  times  dry  and  three  times  wet  to 
make  the  moitar,  and  then  turn  over  the  mortar  and  stone  three 
tbne*^  A  willing  workman,  under  a  good  foreman.  Will  turn  over 
BWrtar  at  the  rate  ot  30  cU.  yda  In  IQ  hra,  lifting  each  shovelful 
and  casting  it  Into  a  pile.  Thla  means  a  cost  ot  G  eta  per  cu.  yd. 
of  mortar  for  eech  turn ;  bat  aa  there  la  seldom  more  than  0.4 
<:u.  yd  ot  mortar  per  cu.  yd.  of  concrete,  we  have  a  cost  of  Z  cts. 
per  CO.  yd.  of  concrete  for  each  turn  that  Is  given  to  the  mortar. 
So  it  the  mortar  Is  given  t  turns  before  adding  the  stone,  we  have 
I  eta  X  0  which  Is  12  cts.  per  cu.  yd.  of  concrete  tor  mixing  the 
niortar.  Then  if  the  mortar  and  stone  are  turned  three  times  we 
have  i  cts.  X  ),  or  IS  cts.  more  for  mixing,  thus  making  a  total  of  2T 
eta  per  cu.  yd.  for  mixing  the  concrete,  wages  being  1E  eta  per  br. 

I  recall  seeing  one  apeclQeatlon  that  called  tor  I  turus  of  the  mor- 
tar dry  and  S  tuma  wet  Under  such  a  apecillcatlon  the  cost  ot 
"nlilng  the  mortar  would  be  60%  more  than  I  have  aasumed  In  the 
example  Just  given.  Bpeclflcatlona  for  hand  mixing  ahould  alwaya 
state  the  number  ot  turns  that  will  be  required,  but  frequently  they 
do  not,  thus  leaving  the  contractor  to  guess  at  the  probable  require- 
ments of  the  Inspector.  In  such  a  case  It  Is  a  good  plan  to  use  hoes 
Instead  ot  shovels  tor  mixing  the  mortar,  because  In  this  way  a.  good 
mortar  can  be  mixed  with  much  greater  rapidity  than  when  an  In- 
spector Insists  on  S  to  9  turns  with  shovels,  as  frequently  happens 
When  spedflcatltma  are  ambiguoua 

As  above  stated.  It  often  happens  that  on  city  pavement  work,  two 
tuma  ot  the  mortar,  followed  by  two  turns  of  the  mortar  and  stone, 
•re  considered  auOlclent.  In  such  a  case  the  cost  ot  mixing  the 
mortar  Is  2  eta.  X  Z,  or  4  cts.  per  cu.  yd.  of  concrete ;  to  which  Is 
added  6  cts.  X  Z.  or  JO  cts..  for  mixing  the  mortar  and  stone,  making 
In  all  11  cts.  per  en.  yd.  of  concrete.  When  concrete  is  mixed  very 
wet,  or  sloppy,  tbts  amount  of  mixing  appears  to  give  good  resulta 
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Where  a  given  number  of  turns  of  concrete  !■  apecifled,  di^ulca 
Olten  occur  between  InsiiectorH  and  roremen  as  to  whether  HhovellnK 
Into  wheelbarrowB  oonalltutea  a  "turn"  or  not.  and  whether  any  aub- 
sequent  shoveling  in  getting  the  concrete  to  Its  final  reating  place 
constitutes  a  "turn."  It  seema  but  fair  to  count  each  handllnK  With 
the  shovel  ae  a  turn,  no  matter  when  or  where  it  occurs,  but  in- 
8[>ectorB  win  not  always  look  upon  It  In  that  light 

The  roregolng  costs  at  mixing  apply  to  work  done  by  diligent 
men  1  but  easy-KOing  men  will  make  Che  coal  IS  to  Gl)%  greater. 
I  have  seen  this  latter  claia  of  men  most  freQuently  on  day  labor 
work  [or  cities,  railways  and  other  companies  and  corporations 
whose  foreman  have  little  or  no  Incentive  to  secure  a  fair  day's  woiic 

Cast  of  Loading  and  Haulfna  Concrats. — The  coat  of  loading  con- 
crete, after  It  !a  mixed.  Is  leas  than  the  coat  of  loading  the  material* 
separately  before  mixing,  because  while  the  weight  la  greater  (due 
to  the  added  wnter),  the  bulk  or  volume  of  the  concrete  la  much  1MB 
than  the  volume  of  the  Ingredients  before  mlxinsr.  Moreover  a 
smoolh  mixing  board,  and  the  presence  of  the  foreman,  secures  more 
rapid  work.  In  ahovellng  any  material  a  large  part  of  the  work 
consists  In  forcing  the  ahovel  Into,  or  under,  the  mass  to  be  lifted. 
With  wages  at  IB  eta  per  hour,  the  coat  of  loading  concrete  Into  bar- 
rows or  buckets  abould  nci  exceed  \2  cts.  per  cu.  yd.  The  coat  of 
wheeling  It  after  loading  la  practically  Che  same  as  for  wheeling 
the  dry  ingredlenta.  aa  given  by  the  rule  on  page  272.  The  cost  per 
cubic  yard  of  loading  and  wheeling  is  therefore  given  by  this  rule: 
To  a  fixed  eost  of  IS  cts.  (for  loading  and  loat  time)  add  l  ct.  tor 

If  the  concrete  must  be  elevated,  a  gallowa  (rame,  or  a  mart  with 
a  pulley  block  at  the  top,  a  team  of  horses  and  a  rope  for  hoisting 
the  skip  load  of  concrete,  can  often  be  used  to  advantage. 

Another  method,  well  worthy  of  more  frequent  use,  constats  In 
wheeling  the  harrows  of  concrete  to  a  gailowa  frame  where  they 
are  ralaed  by  a  horse,  and  when  wheeled  to  place. 

In  building  railway  abutmenCa,  culverts,  and  the  like,  It  Is  often 
desirable  to  locate  the  mixing  board  on  high  ground,  perhapa  at  some 
tittle  distance  from  the  forma  If  this  can  be  done,  the  use  of  der- 
ricks may  be  avoided  as  above  suggeated  or  by  building  a  light  pole 
trestle  from  the  mixing  board  to  the  forma.  The  concrete  can  then 
be  wheeled  In  barrows  and  dumped  Into  the  forma  If  the  mixing 
board  can  be  located  on  ground  as  high  as  the  top  of  the  concrete 
structure  la  to  be,  obviously  a  trestle  will  enable  the  men  la  wheel 
on  a  level  runway.  Such  a  trestle  can  be  built  very  cheaply,  espe- 
cially where  second-hand  lumber,  or  lumber  that  can  be  uaed  subse- 
quently for  farms  la  available.  A  pole  treatte  whose  bents  are  made 
entirely  of  round  sticks  cut  from  Che  forest  ia  a  very  cheap  structure. 
If  a  foreman  knows  how  to  throw  It  together  and  up-end  the  bents 
after  they  are  made.  I  have  put  up  such  treatlea  for  !S  eta  per  lln. 
ft.  ot  trestle,  including  all  labor  of  cutting  the  round  Umber,  erecting 
It.  and  placing  a  plank  flooring  1  ft.  wide  on  Cop,    The  stringers  an4 
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flooHug  plank  were  used  later  for  iOTmt,  and  their  cost  Ib  not  In- 
cluded. A  trestle  100  It  long  can  thus  be  built  at  lew  cost  than 
>>aullnB.  erecting  and  taking  down  a  derrick ;  and  once  the  treatie 
la  up  It  savee  the  coat  of  operating  a  derrick. 

Cancrete  made  with  Portland  cement  (but  not  with  natural  ce- 
ment) can  be  hauled  long  distances  In  a  cart  or  wagon  before  It 
begiat  to  harden.  This  fact  ahould  he  taken  advantage  of  by  con- 
Itaclors  far  oftener  than  It  In.  I  am  Inclined  to  think  that  the 
eilBnafve  use  of  natural  cement,  which  sets  loo  quickly  to  adroit  of 
hauling  far.  has  blinded  contractors  to  the  pdsslblUtles  of  saving 
money  by  hauling  Portland  cement  concrete  long  distances.  Since  a 
cart  is  readily  hauled  at  a  speed  of  ZOO  ft.  a  minute,  where  there  are 
no  long  steep  bills.  It  Is  evident  that  in  6  ^  minutes  a  cart  can  travel 
a  quarter  of  a  mile;  In  13  minutes,  halt  a  mile;  and  in  it  mln- 
ut«a  a  mile.  Portland  cement  does  not  begin  to  set  tor  3D  minutes ; 
hence  It  may  be  hauled  a  mile  after  mixing  It.  The  cost  of  hauling 
concrete  with  one-horse  dump-carts  is  practically  the  same  as  the 
COM  ol  hauling  It*  dry  tngredtents. 

Cost  of  Dumptna,  SprcBdlno  and  Rammlno, — The  cost  of  dump- 
ing wheelbarrows  and  carts  Is  Included  in  the  rules  of  cost  already 
Wven.  exeepting  that  In  some  cases  it  Is  necessary  to  add  the  wages 
at  a  man  at  the  dump  who  assists  the  cart  drivers  or  the  barrow 
hkil  Thus  In  dumping  concrete  from  barrows  Into  a  deep  trench 
or  pit,  it  Is  usually  advisable  to  dump  into  a  galvanized  Iron  hopper 
provided  with  an  iron  pipe  chute.  One  man  can  readily  dump  all 
the  barrows  that  can  be  fliled  from  a  concrete  mixer  In  a  day.  say 
IBO  cu.  yds.  At  this  rate  of  output  the  cost  of  dumping  would 
be  only  1  ct.  per  cu.  yd.,  but  if  one  man  were  required  to  dump  the 
output  of  a  small  gang  of  men,  say  2[>  cU.  yds.,  the  cost  of  dumping 
would  be  t  eta.  per  cu.  yd. 

Concrete  dumped  through  a  chute  requires  very  little  work  to 
Vread  It  in  S-ln.  layers;  and,  in  fact,  concrete  that  can  be  dumped 
from  wheelbarrows,  which  do  not  all  dump  In  one  place,  can  be 
Qiread  very  cheaply ;  for  not  more  than  half  the  pile  dumped  from 
the  barrow  needs  to  be  moved,  and  then  moved  merely  by  pushing 
with  a  shovel.  Since  the  spreader  also  rams  the  concrete,  it  is  diffl- 
CDlt  to  separate  these  two  ttema  As  nearly  as  I  have  been  able  to 
Miuiate  this -Item  at  spreading  "dry"  concrete  dumped  from  wheel- 
barrows [n  street  paving  work,  the  cost  Is  S  eta  per  cu.  yd.  U.  on 
the  other  hand,  nearly  all  the  concrete  must  be  handled  by  the 
■preader^  as  In  spreading  concrete  dumped  from  carts,  the  cost  Is 
tUUy  double,  or  10  eta  per  cu.  yd.  And  if  the  spreader  has  to 
walk  even  3  or  4  paces  to  place  the  concrete  after  shoveling  It  up. 
the  cost  of  spreading  will  be  IB  cts.  per  cu.  yd.  For  this  reason  It  Is 
apparent  that  carts  are  not  as  economical  as  wheelbarrows  for 
hauling  concrete  up  to  about  ZOO  ft,,  due  to  the  added  cost  of 
Vreading  material  delivered  by  carts. 

The  preceding  discussion  of  spreading  Is  based  upon  the  assump- 
tion that  the  concrete  Is  not  so  wet  that  it  will  run.     Obviously 
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where  ooncrete  la  iiu.de  of  aaall  otODes  and  contalni  an  axceaa  of 
water.  It  will  run  so  rea41ly  a-t  to  require  Utile  or  no  aprcadtng. 

The  coit  ol  ramming  concrete  depend*  almOBC  entlrelr  upon  Its 
dryneeg  and  upon  the  number  of  cubic  yarda  delivered  to  the  ram- 
mers. Concrete  that  la  mixed  wltb  very  little  water  require!  long 
and  lui^  ramming  to  flush  the  water  to  the  nirCace.  The  yardage 
delivered  to  the  rammers  la  another  factor,  because  If  only  a  feir 
men  are  engaged  In  mixing  they  will  not  be  able  to  deliver  enough 
concrete  to  keep  the  rammers  properly  busy,  yet  the  rammeri  by 
slow  though  continuous  pounding  may  be  keeping  up  an  appearance 
of  working.  Then,  again,  I  have  noticed  that  the  slower  the  con- 
crete Is  delivered  the  mora  particular  the  average  Insi>«ctor  be- 
comea  Concrete  made  "sloppy"  requires  no  ramming  at  all,  and 
very  little  Bpading. 

I  have  had  men  do  very  thorough  ramming  of  raoderatsly  dry 
concrete  for  16  eta  per  cu.  yd.,  where  the  rammers  had  no  spread- 
ing to  do,  the  material  being  delivered  In  ahovela  It  Is  rare  Indeed 
that  spreading  and  ramming  can  be  made  to  cost  more  than  40  cts. 
per  cu.  yd.,  un'ler  the  most  foollah  Inspection,  yet  one  Instance  la  re- 
corded below  of  even  higher  cost 

If  engineers  specify  a  dry  concrete  and  "thorough  ramming"  they 
would  do  well  also  to  specify  what  the  Word  "thorough"  la  to  mean. 
ualDg  language  that  can  be  expressed  In  cents  per  cubic  yard.  It  U 
a  common  thing,  for  example,  to  aee  a  sewer  trench  apeclHcatlon  In 
which  one  tamper  Is  required  for  each  two  men  shoveling  the  back- 
flll  Into  the  trench ;  and  eorae  such  specific  requirement  should  be 
made  In  a  concrete  speciflcatlon  If  close  estimates  from  reliable 
contractors  are  desired.  Surely  no  engineer  will  claim  that  this  is 
too  unimportant  a  matter  (or  consideration  when  it  la  known  that 
ramming  can  easily  be  made  to  cost  as  high  as  10  eta  per  cu.  yd., 
depending  largely  upon  the  whim  of  the  Inapector. 

Example  of  Hiah  Coat  of  Tamping — Mr.  Herman  Conrow  la 
authority  for  the  following  data:  1  foreman,  9  men  mixing,  I  ram- 
ming, averaged  IE  cu.  yds.  a  day,  or  only  1  <ii  cu.  yds.  per  man  per 
day,  when  laying  wet  concrete.  When  laying  dry  concrete  the  aame 
gang  averaged  only  8  cu.  yda  a  day,  there  being  4  men  ramming. 
With  foreman  at  (2  and  laborers  at  ll.EO  a  day.  the  coat  was  tS.IS 
per  cu,  yd.  for  labor  on  the  dry  concrete  aa  agalnat  11.13  per  cu.  yd. 
for  the  wet  concrete.  Three  tumlnga  of  the  stone  with  a  wet  mortar 
effected  a  better  mixture  than  four  turnlnga  with  a  dry  mortar. 
The  ramming  of  the  wet  concrete  coat  10  cla  per  cu.  yd.,  whereaa 
the  ramming  of  the  dry  concrete  coat  T5  cts.  per  cu.  yd.  I  think 
thla  Is  the  highest  cost  on  record  for  ramming.  It  la  evident,  how- 
ever, that  the  men  were  under  a  poor  foreman,  for  an  output  of 
only  IB  cu.  yda  per  day  with  10  men  la  very  low  for  ordinary  con- 
ditiona  Moreover,  the  high  coat  of  ramming  Indlcatea  either  poor 
management  or  the  moat  foollah  inspection  requlrementa. 

Coat  «f  Rolling  and  Ftnlahing  Concrete  Floors.— T  am  Indebted  to 
Mr.  Bmest  L.  Ranaome  for  the  following: 
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e  floors  ore  built  directly  on  the  yrouDd,  there  la  no 
neceexlt]'  of  having  a  concrete  as  rich  In  cement  aa  when  the  floor 
spans  an  openlna.  A  mlxlure  of  1  part  Portland  cement.  4  parte 
■and  and  S  parla  giavel  or  broken  etone  la  stronK  enouKb,  and  this 
requires  less  than  tbree-quartarH  of  a  barrel  ol  cement  per  cubic 
yard.  If  hand  mixing  la  used,  mor«  cement  la  needed,  but  we  aio 
aaxiiwlng  that  the  materlala  are  thoToughlr  mixed.  Actual  teats 
have  demoDstrated  that  more  cement  la  required  witb  band  mixing 

The  concrete  abould  be  thread  In  a  layer  S  to  6  Ina  thick,  depend- 
InK  upon  the  nature  of  the  subsoil  and  the  loads  the  floor  will  have 
to  supporL  Then  the  concrete  should  be  rolled,  for  rolllns  la  more 
effective  than  tamplns  and  costs  far  leaa.  The  flrst  attempts  at 
rolling  were  unmicceearul  because  a  roller  of  too  great  weight  was 
used.  Ur.  Ransome  discovered  that  a  light  roller  tkould  be  used 
for  the  flvt  ralUng,  fallowed  by  rolHnff  with  •  haavier  roller,  and 
llni*htng  leith  a  roller  atlJI  heavier. 

The  Ranaome  Concrete  Hachy.  Co.,  of  Dunellen,  N.  J.,  makes 
rollera  of  three  sliea  to  be  used  succeaalvely,  weighing:  No.  1,  Z3U 
lbs.;   No.  2,  31b  Iba:   No.  I,  BIG  Iba 

One  laborer  will  readily  roll  7,600  sq.  ft  In  a  9-hr.  day.  If  the 
floor  Is  4  Ina  thick,  this  la  equivalent  to  nearly  100  cu.  yda  With 
ivages  at  |1.G0  a  day,  the  cost  la  O.S  ct.  per  aq.  ft.,  or  lU  cts.  per  cu. 
yd-  for  the  Killing. 

An  interenlngfact  about  rolling  concrete  la  thia:  The  water  ia 
flushed  to  the  surface  and  may  even  run  off  In  a  thin  stream,  but  the 
ivater  la  perfectly  clear,  carrying  no  cement  In  euspenalon.  Where- 
as, when  concrete  Is  tamped,  the  water  Is  milky,  due  to  the  cement 
that  Is  Quahed ,  to  the  surface. 

Alter  the  concrete  Is  rolled,  a  flnlsUng  coat  of  mortar  Is  applied- 
Host  contractors  have  finished  floors  with  a  coating  ol  cement 
mortar  Immediately  following  the  laying  of  the  body  of  the  floor. 
Tliere  ar«  several  objections  to  this  practice.  In  the  flrat  place, 
ahould  a  heavy  rain  fall  before  the  floor  Is  roofed  over,  the  surface 
will  be  damaged.  This  objection,  however,  la  not  ao  aerloua  as 
another.  Scaffolding  placed  on  green  concrete  mars  Its  surface,  and. 
In  addition  to  thla.  drippings  of  mortar  and  concrete  from  above 
spoil  the  aurtace.  Moreover,  It  la  very  difficult  to  put  a  tinlahlng  coat 
on  reinforced  concrete  floors  when  they  are  atlll  aoft.  To  eacape 
tbeae  objectlone  Ur.  Ransome  Invented  "Ransomlte,"  which  Is  a 
liquid  that  cauaea  new  concrete  to  adhere  to  old.  The  body  of  a  con- 
crete floor  la  built,  as  above  deacrlbed,  and  the  Q&lshlng  coat  !a  not 
put  on  until  the  scaftoldlng  and  forma  are  removed  from  above. 
Ttien  the  floor  la  given  a  wash  of  "Ransomlte."  at  a  coat  of  approxi- 
mately K  ct.  per  aq.  ft  for  material  and  labor.  Upon  the  floor  la 
Mfiread  a  layer  of  cement  mortar  fi  to  I  In.  thick,  the  mortar  being 
1    part  Portland  cement  to  Z  parts  sand. 

A  skilled  flnlsher  at  |1  a  day.  with  a  helper  at  t2.G0.  will  flniah 
SOO  sq.  (L  of  Door  in  a  day.     Considerably  more  than  1.000  sq.  ft. 


r 


I 


see  money  wasted  by  runDlng  t 
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a  day  have  been  flnlshed  by  a  sklllfu]  and  wtlUng  man,  but,  aosum- 
IDC  only  EDO  sq.  It.  a  day,  the  cost  ol  flnlahlriK  Is  about  1^  eta. 
per  sq.  ft. 

For  further  data  on  flnlshtnff  floors,  see  the  part  of  the  section  on 
Roads  and  Pavements  where  cosIb  of  cement  walks  are  given. 

Com  of  Superintendence.— This  It^m  Is  obviously  dependent  upon 
the  yardage  of  concrete  handled  under  one  foreman  and  the  dally 
wages  of  the  foreman.  If  a  foreman  receives  ti  a  day  and  Is  boss- 
ing a  Job  where  only  t2  cu,  yds.  are  placed  dally,  we  have  a  cost  of 
26  cts.  per  cu.  yd.  for  superintendence.  If  the  same  foreman  Li 
handling  a  gang  of  20  men  whose  output  Is  SO  cu.  yds.,  the  super- 
intendence Item  is  only  %  cts,  per  cu.  yd.  If  the  same  foreman  Is 
handling  a  concrete-mixing  plant  having  a  dally  output  of  IGO  cu. 
yda,  the  cost  of  superintendence  Is  but  Z  cts.  per  cu.  yd.  1  liave 
given  these  elementary  examples  simply  because  flguras  are  mora 
Impressive  than  generalities,  and  because  It  Is  so  common  a  sight  to 
a  gang  of  men  under  one 

Of  all  classes  of  contract  work,  none  Is  more  readily  estimated  day 
by  day  than  concrete  work,  not  only  because  It  Is  usually  built  In 
regular  shapes  whose  volumes  are  easily  ascertained  at  the  end  Of 
each  day,  but  because  a  record  of  the  bags,  or  barrels,  or  batches 
gives  a  ready  method  of  computing  Che  output  of  each  gang.  For 
this  reason  small  gangs  of  concrete  workers  need  no  foreman  at  all, 
provided  one  of  the  workers  is  given  command  and  required  to  keep 
tally  of  the  batchea  If  the  efflcienpy  of  a  gang  of  6  men  were  to  fall 
olf,  say,  1E%,  by  virtue  of  having  no  regular  non-working  foreman 
In  charge,  the  loss  would  be  only  11.36  a  day — a  loss  Chat  would  t»e 
more  than  counlerbnUnced  by  Che  snvlnir  of  n  foreman's  wagesi  In- 
deed, the  efficiency  of  a  gang  of  men  would  have  to  (all  off  ZG%, 
or  more,  before  it  would  pay  to  put  a  foreman  in  charge.  I  know 
by  experience  that  In  many  cases  the  efficiency  will  not  fall  off  at  all. 
provided  the  gang  knows  that  Its  dally  progress  Is  being  recorded, 
and  Chat  prompt  discharge  will  follow  laziness.  Indeed,  I  have  more 
than  ones  had  the  efficiency  Increased  by  leaving  a.  small  gang  to 
themselves  In  command  of  one  of  the  workers  who  was  required  to 
punch  a  hole  In  a  card  for  every  batch. 

To  reduce  the  cost  of  superintendence  there  Is  no  surer  method 
than  to  WOT*  two  gangB  of  18  to  20  men.  side  by  side,  each  gang 
under  a  separate  foreman  who  Is  striving  to  make  a  l>etter  showing 
than  his  competitor.  This  Is  done  with  marked  advantage  In  street 
paving,  and  could  be  done  elsewhere  ofCener  than  It  la 

In  addition  to  the  cont  of  a  foreman  In  direct  charge  of  the  labor- 
ers, there  Is  always  a  percentage  of  the  cost  of  general  superlDtand- 
ence  and  office  expenses  to  be  added.  In  some  cases  a  general 
superintendent  is  put  In  charge  of  one  or  two  foremen  ;  and.  If  ha  Is 
a  high-salaried  man.  the  cost  of  superintendence  becomes  a  very 
oppreclable  Item. 

Summary  of  Costs  of  Making  Concrets  by  Hand — Having  thus 
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uxUjm)  the  coBta  at  maklnK  and  placing  concrete,  we  can  under- 
Maod  wbjr  ic  IB  that  printed  records  of  colts  vary  so  Breatly.  More- 
avBr,  we  are  enabled  to  estimate  the  labor  cost  with  far  more  accu- 
mcy  ihan  we  can  suess  It ;  (or  by  studylns  the  requirements  of  the 
Qiedfications,  and  the  local  conditions  Kovemlng  the  placing  of  atock 
plle^  mlxiiiK  boards  etc.,  we  can  estimate  each  Item  with  consld' 
ersble  accuracy.  Hy  purpom,  however,  baa  not  been  solely  to  show 
how  to  predict  the  labor  cost,  but  also  to  Indicate  to  contractors  and 
tli«ir  foremen  some  of  the  many  ponalblUtles  of  reducing  the  cost  of 
inirk  once  the  contract  has  been  Mcured.  I  have  found  that  an 
snalytiB  of  costs,  «uch  as  above  given.  Is  the  most  effective  way  of 
dlscvverliig  unnecensary  "leaks,"  and  of  opening  one's  eyes  to  the 
poaMbilltlea  of  eflectlng  economies  In  any  given  case. 

To  Indicate  the  method  of  summarlilng  the  costs  of  maUnj;  con- 
crete by  band,  let  us  asoume  that  the  concrete  Is  to  be  put  Into  a 
deep  fDundation  requiring  wheeling  a  distance  of  iO  ft.  i  that  the 
Mock  piles  ar«  on  plank  SO  ft.  distant  from  the  mixing  board ;  that 
the  vecUlcatlona  call  for  6  turns  of  gravel  concrete  thoroughly 
ranuned  In  S-ln.  layers;  and  that  a  good  ntxed  gang  of,  say,  16  men 
(at  tl.GD  a  day  each)  Is  to  work  under  a  foreman  receiving  (Z.TO 
a  day.  We  then  have  the  fallowing  summary  by  applying  the  rules 
already  given: 


Loading  sand,  stone  and  cement t  .17 

Wheeling  BO  ft  In  barrows  <4  +  Z  eta) 06 

Mixing  concrete.   6  turns  at  b  cts 30 

Loading    concrete    Into    barrows 12 

Wheeling  30  ft.   C4  4- 1  ct.) 05 

Dumping  barrows  (1  man  helping  barrowman)..     .Ot> 
Spreading  and  heavy  ramming IE 

Total   cost   at  labor f  .90 

Foreman  at  t^.TO  a  day 10 

Orwid    total |1,00 

To  estimate  the  dally  output  of  this  gang  of  16  laborers  proceed 
tinu:  Divide  the  dally  wages  of  all  the  16  men,  expressed  In  cents, 
by  the  labor  coat  of  the  concrete  In  cents,  the  quotient  .will  be  the 
cubic  yards  output  of  the  gang.    Thus,  2,400  -=-  SO  Is  £T  cu.  yda  In 

In  street  paving  work  Where  no  man  Is  needed  to  help  dump  the 
MeelbarrowB,  and  where  It  Is  usually  possible  to  shovel  concrete 
direct  from  the  mixing  board  Into  place,  and  where  half  aa  much 
raoiEnlng  as  above  assumed  Is  usually  satlafQctory,  we  see  that  the 
Ian  tour  labor  items  Instead  of  amounting  to  12  +  E  +  E  +  IE,  ar  3T 
eta,  amount  only  to  one-half  of  the  last  Item,  %  of  16  cts.,  or  Tli 
cts.  This  makes  the  total  labor  coat  only  60  cts.  Instead  of  90  eta. 
If  we  divide  2,400  eta  (the  total  day's  wages  of  IS  men)  by  SO  cts. 
(the  labor  cost  per  cu.  yd.),  we  have  40  which  Is  the  cubic  yards  out- 
put of  the  IS  men.  This  greater  output  of  the  IE  men  reduces  the 
(JOW  of  superintendence  to  T  eta  per  cu.  yd. 
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Cost  of  Mixing  Concreti  With  Machine. — Care  muit  be  taken  not 
to  confuse  the  cont  of  mixing  concrete  with  the  cOBt  of  dellverliiB  nia~ 
terlalB  to  the  mixer  and  caaveying  the  concrete  away  from  the  mixer. 
A  Btudy  of  the  various  costs  Klven  on  subaequenl  pagea  will  ahvw 
that  (he  coat  of  mixing  alOQO  Is  only  a  Small  iiart  of  the  total  coat 
vl  making  concrete. 

It  all  the  materials  are  delivered  to  the  machine  In  wbeelbarroirB, 
and  If  the  concrete  Is  conveyed  away  in  wheelbarrowi^  the  coat  of 
making  concrete,  even  with  machine  mixers,  la  high.  On  the  otliar 
hand,  where  the  materials  are  fed  from  bins  by  gravity  Into  the 
mixer,  and  where  the  concrete  Is  hauled  away  in  cars,  the  cost  o( 
making  the  concrete  may  be  very  low. 

There  are  three  types  of  mixers;  (1)  Batch  mliera;  (2)  continu- 
ous mixers;  (3)  gravity  mixers.  Cube  mixers,  double-cone  mixera, 
and  drum  mixers  are  batch  mixers  In  which  a  chargB  la  rotated 
tor  10  or  IB  turns  and  then  discharged  all  at  onc«.  The  con- 
tinuous mixers  have  paddles  or  plows  that  stir  up  the  materlajH  iaa 
fast  as  they  are  delivered,  a  continuous  stream  of  concrete  belns 
discharged.  In  one  type  of  gravity  mixer  the  falling  materlala  atrlke 
baffle  platea  which  perform  the  mixing'  In  the  mora  common  type 
(the  Hains),  the  materials  paaa  through  three  tunnel-ahaped  hop. 
pers,  the  hour  glass  action  causing  the  mixing. 

Batch  mixera  are  commonly  made  In  three  slxaa,  14-y4,  %-yd,  nnd 
1-yd.  It  la  generally  considered  suRlclent  to  give  the  mixer  10  or 
15  tuma,  occupying  1  to  114  mlna.,  after  ehargrlng  It  with  a  batch; 
but  an  Bome  time  la  eonaumed  In  charging  and  dlHcharglng,  etc..  It  1« 
cafe  to  count  on  only  one  batch  every  3  mlns.,  or  200  batches  In  10 
hra  If  each  batch  Is  V^i-Vd.,  the  daily  output  Is  100  cu.  yds.  ;  if 
the  batch  1b  1  yd.,  the  dally  output  Is  SOO  cu.  yda 

Where  the  work  !b  well  organised,  and  no  delays  occur  In  deliver- 
ing the  materials  to  the  mixer,  a  batch  every  2  mlns.,  or  SOO  batches 
In  10  hra,  will  be  averaged ;  and  there  are  a  few  record*  of  1  batch 
every   1^   mlna.  and  even  lets. 

Not  more  than  12  hp.  are  reijulred  to  run  a  %-yd,  mixer.  Where 
materials  are  delivered  from  bins  or  skips,  Z  men  will  charge  a  li-yd. 
mixer  and  1  man  will  attend  to  dumping  II.  and  a  gasoline  engine 
consuming  10  gals,  of  gasoline  per  10-hr.  day  at  12>ii  cla  per  gal., 
will  represent  the  full  cost  of  labor  and  fuel  lor  mixing  200  cu.  yds. 
If  the  2  men  are  paid  tl.GO  each,  and  1  man  at  |1.TE.  the  cost  ot 
labor  and  fuel  Is  only  t«.0O,  or  3  eta.  per  cu.  yd.  It  la  not  In  the 
mlxlno,  therefore,  that  the  money  Is  consumed,  but  in  conveying  ma- 
terials to  and  from  the  mixer,  In  ramming  the  concrete.  In  tnatallln(( 
the  plant  for  mixing  and  conveying,  and  In  interest  and  depreciation 


'al,  require  the  following  engine  power  : 


8; 
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HP. 

.  yd.  batch  mixer 7 

.  yd.  batch  mixer 10 

,  yd.  batch  mlier 11 

yd.  batch  mixer 20 


It  1<  nlae  to  provide  a.  boiler  power  aboat  fiO%  Id  exceu  of  the 
tntiae  power. 

The  welgliu  of  batch  mixers,  with  and  without  ensjue  and  boiler, 
widom  exceed  the  foUowlna: 

»M  of  batch,  cu.  yd. W  W  %  1 

Weight  Dl  mixer  on  Bklds.  lbs. 3.b00  3.800  S.OOO  6.T00 

lAtUwlUieiisliieaiUl  boiler,  lbs.. ..7. 000  7,S0O        i:,000        IS,50D 

Price*  vary  ctaudderably,  but,  for  purposes  of  estimating,  ansume 
•baul  10  cts.  per  lb. 

The  above  slies  of  "batcbea"  are  based  not  upon  tlie  loose  meas- 
ure of  the  materials,  but  of  the  concrete  rammed  In  place. 

CMt  Of  Mixing  With  a  Cravlty  Mixer.— Mr.  G.  B.  Aahcroft  states 
llut  a  small  gravity  mixer  of  the  Halni  type  was  used  In  the  buUd- 
Ist  oC  a  dock  tor  The  William  Skinner  Sbtp-BulldlUB  ft  Dry  Dock 
CCi  of  Baltinuire,  Md.  Jt  copelated  of  tiro  conical  hoppers,  one 
above  the  other,  and  above  these  were  four  small  pyramidal  hop- 
pers tor  m«a«urlnK  the  mnd  and  atones  and  atrave  these  were  small 
bins.  One  man  at  each  conical  hopper  tending  the  gatec^  and  two 
men  at  the  pyramidal  hoppers  (4  men  in  all)  constituted 'the  sang  on 
the  mixer.  A  scow  load  of  sand  and  another  of  broken  stone  were 
hauled  alongalde  the  bulkhead  on  which  the  mixer  stood,  and  a 
clamsheU  bucket  dredge  waa  used  to  load  the  sand  and  stone  from 
the  icowB  Into  the  bins  of  the  mixer.  Bach  batch  was  25  cu.  ft.  of 
1: 11 :  E  concrete  rammed  into  place.  The  record  for  10  hrs.  was  110 
batches,  making  about  35  eta  per  cil  yd.  as  the  labor  coat.  Wages 
•X  common  laborers  were  H.BO.  The  concrete  was  run  directly  into 
place  through  chutes ;  and  the  mixer  was  moved  from  place  to 
place  by  means  of  the  dredge  t>oonL 

On  the  Cedar  Drove  Reservoir,  built  for  Newark.  N.  J.,  a  largo 
gnkvlty  mixer  of  the  Halns  type  was  used.  The  best  day's  output 
vas  401  cu.  yds. ;  the  average  output  during  the  beat  month  wus 
IDi  cu.  yds.  -.  and  the  average  of  the  whole  Job  waa  22G  cu.  yda.  per 
It-hr.  day.  The  stone,  sand  and  cement  were  all  raised  by  bucket 
elevatora  to  the  top  of  tlie  high  Wooden  tower  that  aupported  the 
bins  and  the  mixer.  There  were  10  men  operating  the  mixer,  so  that 
(eicluBlve  of  power,  Inteteat  and  depreciation)  the  labor  coat  ot 
■nixing  averaged  only  T  eta  per  cu.  yd. :  and  during  one  month  It 
was  aa  low  as  5  cts.  per  cu.  yd.  Thle  does  not  Include  delivering 
the  materials  to  the  men  at  the  mixer,  nor  does  It  Include  conveying 
Ihe  concrete  away  and  placing  It.    The  work  was  done  by  contract. 

On  the  Pittsburg  Alter  conatructlon  In  1906,  a  Halns  mixer  was 
u»ed,  and  Its  output  was  SOO  cU.  yds.  per  10-hr.  day. 

Coat  or  Forms. — It  la  a  common  practice  to  record  the  coat  of 
'onns  or  molds  In  cents  per  cubic  yard  of  concrete,  giving  separately 
the  cost  ot  lumber  and  labor.  This  should  be  done,  but  the  nnalyala 
ot  the  cost  of  forma  should  always  bo  carried  a  step  farther.     The 
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records  i^iouUI  b«  so  kept  as  to  Bhow  ttaa  first  cost  per  H  (L  e.,  1,000 
ft.  B.  M.)  of  lumber,  the  number  of  times  the  lumber  Is  used.  tlM 
labor  cost  of  erecting,  and  the  labor  cost  ot  taking  down  tbe  forniB 
each  time — all  expressed  In  M  ft.  B.  M-  Thus  Only  1«  it  poaalbla 
to  compare  the  coat  of  forma  on  different  kinds  of  concrete  woife, 
and  thus  only  can  accurate  predictions  be  made  of  tbe  cost  of  forma 
for  concrete  work  having  dimensions  differing  from  work  previously 
done.  It  is  well  also  to  make  record  of  the  number  of  SQuare  feet 
of  exposed  concrete  surface  to  which  the  forma  were  applied.  There 
are  three  ways,  therefore,  of  recording  the  cost  of  forma:  (I)  In 
cents  per  cubic  yard  of  concrete;  (Z)  In  cents  per  square  foot  of 
concrete  face  to  which  forms  are  applied ;  and  (t)  In  dollars  per  M 
ft-  B.  U.  of  lumtier  used — la  all  three  cases  keeping  the  cost  ot  ma- 
terials and  labor  separate.  Furthermore,  It  Is  well  to  make  a 
■ketch  of  the  construction  of  the  forms,  and  attach  the  sketch  to  the 

In  estimating  the  probable  cost  of  forms  I  Und  the  following 
method  most  reliable :  First,  after  ascertaining  the  time  limit  within 
which  the  work  must  be  completed,  determine  the  number  ot  cubic 
yards  of  concrete  that  must  lie  laid  eacli  day.  after  allowing  lltierally 
for  delays.  Knowing  tiie  number  of  cubic  yards,  estimate  tbe  num- 
ber of  thousand  feet  t>oard  measura  of  forms  required  to  encase  the 
concrete  to  be  placed  In  a  day.  This  will  give  the  minimum  amount 
of  [umber  required,  for  It  Is  never  permissible  to  move  the  forma 
until  the  concrete  has  hardened  over  night,  except  when  concrete  la 
In  a  small  arch,  as  In  a  sewer.  This  brings  us  to  a  very  Important 
question  In  economics-  Thousands  ot  words  have  been  written  on 
the  advantages  and  disadvantages  of  using  "wet"  or  "dry"  con- 
crete, but  I  have  never  seen  mention  of  one  of  the  moat  forceful  ob- 
jections to  the  use  of  concrete  mixed  so  wet  that  It  Is  Sloppy.  I 
refer  to  the  slowness  with  which  such  concrete  bardena  Obviously, 
the  more  slowly  It  hardens,  the  longer  must  the  forma  be  left  In 
place ;  and  the  longer  the  forms  are  left  In  place  the  more  lumber 
will  be  required;  the  more  the  lumber,  the  greater  the  cost  of  forms 
per  cubic  yard  of  concrete. 

A  concrete  mixed  "dry,"  and  rammea.  will  harden  over  nl^t.  so 
that  In  retaining  wall  construction  It  Is  safe  to  remove  the  forma 
tbe  next  morning :  but,  where  the  concrete  has  been  mixed  "sloppy." 
I  liave  seen  whole  sections  ot  wall  fall  out  upon  the  removal  of  forms 
twelve  hours  after  placing  the  concrete.  In  cold  weather  the  setting 
la  further  delayed,  and  In  very  cold  weather  It  may  cease  entirely 
unless  proper  precautions  are  taken.  SpecEOcatlons  relating  to 
sloppy  concrete  usually  provide  that  wall  forms  shall  not  be  moved 
within  18  hra  after  placing  the  concrete;  but  In  hot  weather  It  Is 
often  sate  to  remove  the  forms  In  H  hrs.  or  leas. 

Forms  for  concrete  arches  or  beams  must  obviously  be  left  in 
place  longer  than  In  wall  work,  because  of  the  tendency  to  fall  by 
rupture  across  the  arch  or  beam.  Forma  for  amail  circular  arches, 
like  sewers,  may  be  removed  In  1 8  to  24  hra  If  dry  concrete  la  used ; 
but  In  24  to  48  hrs.  If  wet  concrete  Is  used.    Forms  for  large  arch 
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cuhrwti  and  arch  bridges  are  Beldom  token  down  In  lass  Chan  14 
dW^  and  It  1b  often  apecifled  that  they  must  not  Ira  struck  for  SS 
dara  after  placing  the  last  of  Che  cODcrete.  Thin  last  requIreniHit  la 
pratablT  neceBBHry  where  the  backfllllng  over  the  arch  Is  put  on  at 
oace;  but,  except  Id  the  case  of  arches  of  great  span,  tliere  appeals 
to  be  no  sulDcteiit  reason  for  keeping  the  centers  so  tonx  under  tha 
udi,  provided  they  can  be  tised  elsewhere.  Indeed,  I  am  Inclined  to 
think  that  a.  week's  time  la  ample  tor  archea  having  a  tpaa  of  40  It. 
or  le«^  provided  no  flUIng  la  placed  on  the  arch.  In  tact,  a  study  of 
Uie  conipresalve  atreagtb  teala  given  In  E'slk's  "Cements,  Uortars 
and  Concretea."  pB«e«  128,  IJl,  etc.,  ahows  that  the  dlHerence  of 
conpresslve  atrength  between  T-day  and  2S-day  Portland  cement 
monar  and  concrete  la  often  less  than  2i%,  and  averages  about  60%; 
and  that  la  any  case  concrete  a  week  old  Is  amply  strong  enough  to 
Irald  Its  own  weight  In  an  arch  of  moderate  alie.  Progressive  set- 
Hement  ol  the  abutments  might  In  some  cases  be  given  aa  a  reason 
for  leaving  centers  a  long  time  In  place,  but  abutments  foundel 
on  rock  or  on  piles  do  not  stiaw  progreBBlve  settlement  after  the 
Mriking  of  centers,  unless  the  aubsequent  iarrlng  of  trains  causes 
tbe  pUes  to  go  down. 

Forms  supporting  concrete-steel  floors  and  beams  are  usually  left 
In  a  place  at  least  a  week. 

The  consideration  of  the  time  element  In  the  uae  of  forms  la  ea- 
Kotlal  In  making  an  accurate  forecast  of  the  quantity  of  lumber 
tl>at  will  be  required  In  any  given  case.  A  few  additional  sugges- 
tions will  not,  therefore,  l>e  out  of  pluce. 

Often  the  uprights  of  studs  used  to  hold  the  Meeting  idank  are 
sl*0  ased  aa  legs  tor  a  trestle  to  support  a  track  or  runway  over 
wblch  the  concrete  la  transported.  In  such  a  case  the  amount  of 
timber  Id  tbe  forma  la  conaiderably  more  than  would  be  Indicated  by 
ooHBlderlng  merely  the  length  of  time  that  the  forms  must  stand  be- 
fore removnl ;  for,  so  long  aa  the  uprights  stand.  It  la  Impossible  to 
remove  tht  sheeting  plank  where  ordinary  kinds  of  forms  are  used. 
I  have  seen  many  Inataacea  of  unneoeaaary  expenditure  of  money  for 
forms  due  to  neglect  to  consider  thia  fact.  Bear  In  mind,  therefore, 
Umt  It  mdy  be  cheaper  to  provide  a  movable  derrick,  or  to  Uae  a 
nblewBy  lor  delivering  the  concrete,  rather  than  to  uae  the  up- 
rlBhts  of  the  forms  us  posts  for  a  treatle. 

I  have  fnund  it  cheaper,  as  a  rule,  to  build  the  coping  of  retaining 
"alia  after  f.nlshing  the  wall  Itself.  One  of  the  reaaons  for  thla  la 
that  a  prolecling  coping  Is  apt  to  fall,  due  to  Ita  ovra  weight.  II  the 
forms  are  not  left  In  plai-e  longer  tlian  it  la  neceaaary  to  leave  the 
forms  for  the  wall  tielow  the  coping. 

This  leads  us  to  the  subject  of  building  forma  In  panels  that  can.'' 
be  shifted  from  place  to  plnce  without  tearing  the  forms  to  pleoM' 
Bnd  building  them  up  again.  When  pnnels  can  be  used,  it  Is  evl- 
<'ent  that  the  cost  of  labor  and  lumber  for  forms  may  be  reduced  to  a 
'ew  cents  per  cubic  yard  of  concrete.  Examples  of  low  coat  of  aewer 
*ork  where  the  forma  are  thus  shifted  In  sections  will  be  found  on 
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nibsequant  paxes.  Bven  hlgti  retaining  walla  may  tbiu  b«  built  with 
movable  (ornu. 

Ther«  are  few  claasee  of  concrete  work  where,  at  the  expense  oT 
&  little  thought  In  designing  movable  forma,  a  great  expense  in  lum- 
ber may  not  be  aaved. 

Having  estimated  the  quantity  of  lumber  reautred  for  any  given 
concrete  Job,  and  the  number  of  times  that  it  can  be  used,  the  labor 
coat  of  framing,  erecting  and  taking  down  the  forms  may  be  calcu- 
lated thus :  With  cari>enter^  wages  at  ZS  eta  per  hour,  and  laborers* 
wages  at  IE  eta.  per  hour,  working  1  laborer  to  i  carpenters,  my 
records  show  that  ordinary  forms  for  walls,  arches,  etc,  out  be 
framed  and  erected  for  fS  per  U  ft  B.  U..  wbet)  men  are  worUnK 
(or  a  contractor.  The  forms  can  be  carefully  torn  «pftft,  taken 
down  and  moved  a  short  distance,  for  $1.50  per  U ;  making  the  total 
labor  coat  fT.EO  per  U  for  each  time  that  the  forms  are  built  up 
and  torn  down.  Where  the  forms  are  built  in  panels  and  are  not 
ripped  apart  and  nailed  together  again  at  every  move,  there  Is  only 
the  coat  of  moving  them  each  time  after  they  have  once  been  built, 
and  this  may  not  exceed  SO  eta  per  M  for  each  mova  Moreover 
forma  used  In  panels  last  much  longer  since  the  lumber  Is  Hot  In- 
jured by  being  repeatedly  torn  apart. 

Hetalning  walls,  bridge  piers  and  abutments,  etc.,  are  commonly 
provided  With  forms  consisting  of  Z-ln.  plank  laid  In  borlsontal 
courses  agalnat  upright  atuda  The  studs  may  be  of  1  x  6-ln.  stulf 
spaced  214  ft.  centers,  or  3 1  S-ln.  spaced  2  ft  centers.  In  either 
case  the  lumber  In  the  studs  Is  about  40%  as  much  as  the  lumber  In 
the  Z'In.  Hheeting  plank.  Hence  there  are  2  ft.  B.  H.  of  plank  and 
O.S  fL  R  U.  of  studs,  or  a  total  of  2.8  ft  B.  H.  for  each  square  foot 
of  surface  area  of  concrete.  If  telegraph  wire  la  used  to  hold  the 
■tuda  from  spreading  (No.  S  wire  weighing  0.06  lb.  per  ft),  no  other 
lumber  Is  required  ;  but  In  some  deslgna  of  forms  there  are  Inclined 
braces  against  the  stud,  frequently  containing  more  lumber  than  tbo 
studs  themselves.  Ordinarily  the  same  forms  are  used  several  times. 
BO  that  the  2,8  ft.  B.  M.  per  sq.  ft  does  not  then  mean  per  sq.  ft  of 
concrete,  but  of  forma,  and  must  be  divided  by  the  number  of  tiroes 
It  Is  used  to  estimate  the  lumber  per  mi.  ft  of  concrete  surface. 
Thus,  If  the  forms  are  used  1  times,  we  have  i.l  -t-  4  =  «.T  ft  B.  If. 
per  sq.  ft  of  concrete  aurface. 

It  lumber  costs  Kb  per  U,  the  cost  of  2,B  ft  B.  U.  Is  T  cts. 
It  can  usually  be  framed  and  erected  for  tS  per  H,  or  2^  eta.  per 
aq.  ft  of  forms  containing  2.S  ft.  B.  H.  Hence  If  the  lumber  Is  used 
4  timea  we  have  7  +  <  =  m  eta.,  coat  of  lumber  per  sq.  ft  of  con- 
crete, plus  i'A  eta  per  aq.  ft  tor  labor  It  each  time  It  Is  taken  down 
and  erected  coata  18  per  M,  or  a  total  of  4  cts.  per  sq.  ft  of  con- 
crete surface,  or  38  eta  per  sq.  yd.  Hence  If  the  wall  la  1  tt  thick 
and  requires  forma  on  two  faces  (front  and  rear)  It  will  cost  t  X  36 
cts.  =  72  cts.  tor  forma  per  cu.  yd.  of  concrete.  If  It  la  «  ft.  thick.  It 
will  coat  38  eta.  per  cu.  yd.  of  concrete.  If  the  same  sises  of  lum- 
ber were  used  for  a  wall  only  1  ft  thick,  the  cost  would  tie  (0.36  x 
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a  =  ll.OS  per  cu.  yd.  BB*ad  upon  the  above  KMumptlODa  aa  to 
amount  and  cost  of  luiiit»eT,  number  of  tlmea  uaed  (4),  etc.,  we  hava 
th«  tollowlng  rule: 

To  atcertaitt  th»  oo*t  of  forma  por  ciiMcr  yard  of  wait,  divide  $t.U 
bv  tha  tMcknen  of  tke  uatl  tn  ftet. 
Thii  rule  can  ba  expreBsed  In  a,  more  general  (onn  as  follows : 
To  atcertain  the  cott  of  form*  p«r  oubfar  yord  of  v>all,  divide  W.W 
by  the  product  of  tA<  thiclmeee  of  watt  in  ftet  etud  the  nvmi«r  of 
tinea  the  forma  are  Maed,  to  eati'nate  the  coat  of  lumber,. and  to  thia 
add  the  coat  of  labor  delermlnsil  by  dividing  tlM  by  the  tMcknaai  of 
the  wait  <»  feet. 

In  the  caae  of  a,  i-ft.  wall  where  formi  are  uaed  i  tlmea,  tbla  rule 
would  give  ua: 

tl.SO  -c-  (3  X  1)  =  I0.S2  for  lumber,  to  which  odd  |1.20  -4-  3  =  te.4D 
for  labor,  imUtlng  a  total  of  lO.TZ  per  cu.  yd. 

For  any  other  price  and  amount  of  lumber  for  forma,  a  alrallar 
rule  run  readily  be  made.  Such  a  rule  ahowa  very  clearly  the  rca- 
>an  why  thin  concrete  walla  where  form  lumber  la  uaed  only  once  or 
twice  coat  aa  much  per  cuMc  yard,  Thua,  If  a  wall  were  only  1  ft. 
(hick  and  lumber  were  uaed  but  once,  the  above  rule  would  give  ub 
a  coat  of  |6  per  cu.  yd.  for  forma  alone. 

For  further  data  on  the  cost  of  forma  aee  particularly  the  aectlona 
on  BnlMlDga,  Bridgea.  and  Bewera.  Conault  the  Index  under  "Con- 
crete. Forma." 

Coat  of  FortllTcatlon  Work  at  Fort  Point,  Cal.— Mr.  George  B. 
Uendelt  slvea  the  following  data:  The  work  was  the  conatructlon 
of  fortlHcationa  at  Fort  Point,  near  San  Francisco.  The  tollowInK 
eiparlnienta  Were  made: 

EJt  perlmen  t 

No.  1      No  £     No.  3 
cu.  ft,    cu.  ft.     cu.  n. 

1  bbL  Portland  cement  meaaured  looee 4.43        4.S8        4.5* 

Water   added 3.00         1.7S         1.98 

Volume  of  atlff  paate  reaulting 4.40         3.80        3.32 

KoUt    aand    added 10.13        11.40        13.G0 

Water   added. 3.00         I.BO         2.00 

Volume  of  mortar  reaulting 10.12t     13.30        14.00 

Gravel   addedt 1«.50       36.90        

Volume  of  loose  concrete tG.tE       43.33       

Volume  of  concrete  tamped  In  place 3T.E0       

■This  barrel  meaaured  3H  co.  ft  packed. 

tThere  la  some  doubt  as  to  the  accuracy  of  thlH  measuremant, 
for  It  WSB  recorded  as  9.12  cu.  ft.  although  It  was  probably  10.12. 

tThla  gravel  In  experiment  No.  1,  was  In  fl-ln.  alies  down  to 
blrdshot ;  In  experiment  No.  i  It  waa  the  alae  of  beans  and  amaller. 
There  wHi  B  cnnsl'iBnitiiA  iwrcentage  of  what  should  be  called  sand 
In  this  gravel,  probably  30%. 

In  making  the  concrete  all  tnateriola  were  measured  looae  and  a 
barrel  of  cement  was  aaaumed  to  meaaure  41i  cu.  fL  The  propor- 
.  Uoni  of  a  batch  were  1 :  t :  8  i  the  S  being  S  X  4^.  or  36  cu.  ft  of 
atone  and  graveL    In  making  a  maaa  of  concrete  SO  ft  long,  40  ft. 
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wide  and  30  ft.  high,  a  careful  record  was  kept  of  the  coat  of  mit- 
eral  weeks'  worK,  measuring  I.82G  cu.  yds.  In  place: 

CoK.  per  cu.  yd. 

O.TS  bbl.  cement  at  fl.GO tl.SS 

O.SS  cu.  yd.  Btone l.iO 

0.26  cu.   yd.  KTHVel IE 

0.31    cu.   yd.    Hand ■ 29 

Water     01 

Crushing:  stone,*  mixing  and  plactug  concrete 80 

Total    M.70 

*Whl1e  It  Is  not  dcDnltely  slatod  I  Infer  from  what  !■  said  that 
the  labor  of  cruahlns  was  aixiut  IG  eta. 

Wages  were  ti  per  day  of  8  hra.  for  laborers,  and  M  for  foremen. 
The  cost  of  timbering  and  Incidental  expenses  Is  not  Included,  other 
than  the  pay  of  the  men  and  the  foreman.  The  total  volume  of  all 
the  loose  materials,  exclusive  of  the  water,  was  2.767  cu.  yda  before 
mixing;  after  mixing,  and  measured  In  cars  holding  20  cu.  ft.  each, 
the  volume  was  2.433  cu.  ft.;  after  being  rammed  In  place  the 
volume  was  1,826  cu.  yds.  The  shrinkage  of  the  concrete  under 
the  ramming  was  therefore  li%,  A  number  of  experiments  were 
made  on  single  carloads  which  showed  that  a  carload  of  10  cu.  tt. 
of  loose  concrete  made  15  to  1E>>,^  cu.  fL  compacted  In  place. 

The  stone  was  quarried  at  Angel  Island,  and  delivered  on  the 
wharf  In  sizes  suitable  tor  a  Gates  crusher,  hauled  in  wagons  to  the 
crusher,  which  delivered  tt  to  the  mixer,  Into  which  all  the  Ingredi- 
ents were  fed  from  hoppers  aulomatlcally.  The  mixer  was  of  the 
cylindrical  continuous  type,  and  there  was  dltHcully  In  delivering  the 
materials  to  It  automatically  and  In  the  desired  proportions.  The 
concrete  was  delivered  by  the  mixer  Into  cars  holding  20  cu.  ft. 
When  a  car  was  (llled.  the  door  of  the  mixer  was  closed  for  a  minute, 
during  which  minute  another  car  was  put  In  place,  the  concrete  in 
the  meantime  opcumulaling  In  the  mixer.  The  cars  were  pushed  by 
men  to  the  place  of  depoait.  a  variable  distance  of  800  to  600  ft., 
and  discharged  through  a  trestle  having  an  extreme  height  of  tO  fK, 
gradually  diminishing  to  4  ft.  The  concrete  was  then  shoveled  Into 
wheelbarrows  and  wheeled  20  to  40  ft, 

Eiurlng  the  month  of  August.  1892,  concrete  was  mixed  by  hand  by 
a  gang  of  20  men  under  1  foreman.  The  average  8-hr.  output  was 
15  cu.  yds,  of  concrete  at  a  cost  of  |l  per  cu,  yd.  for  mixing  and 
placing,  wages  being  )2  n  day.  A  batch  consisted  of  4  bbla.  of 
crment  and  114  cu.  ft.  of  gravel  and  stone,  giving  114  cu.  tt.  of 
concrete.  The  materials  were  piled  conveniently  around  the  mixing 
platform.  The  stone  and  gravel  were  delivered  In  barrows  and 
spread  to  an  even  thickness  on  the  platform.  Upon  this  the  sand 
was  wheeled  and  spread  with  a  straight  edge.  The  cement,  also 
leveled,  fnrmed  the  lop  layer.  Water  was  added  In  the  turning. 
The  materials  were  turned  twice  With  shovels,  being  Well  dispersed 
In  turning.  A  third  turning  resulted  from  shoveling  the  concrete 
Into  wheelbarrows,  and  a  fourth  taming  In  distributing  the  concreteL 
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There  was  no  ascent   and   tbe  distancea  we^e   ahort   In   wbeellng 
the  concrete,  and  the  men  were  a  picked  lot. 

Co*t  of  FortlflcaUan  Work.~Mr.  L.  R.  Grablll  In  authority  tor 
the  following  cost  data:  The  work  was  upon  rortmcatlons  built  In 
1SJ9  for  the  U.  B.  Qovernment,  and  Was  done  by  contract,  working 
S  hrs.  per  day.     The  followlns  la  the  average  for  9,000  i^u.  yds. ; 

Par  day.       Per  cu.  yd, 

t  laborers  wheeling  materlnla  to  board t  7.K0  |0.1S 

8  l&borers  mixing lO.OO  .SI 

S   laborers  wheellnB  away 10. OO  .11 

S  laborer!  placing  and  remnilng 7.S0  .IS 

1   pumpman    l.K  .42 

I  water  boy 1.00  .OS 


Total,  48  cu.  yd*,  a  day ttS.2G  |0.U 

Each  batch  contained  %  cu.  yd.  of  1:2-2:3  concrete,  and  was 
turned  four  timea. 

The  coat  of  mixing  4,000  cu.  yda.  In  a  machine  mixer  by  day 
labor  <nol  by  contract)  was  as  follows: 

Per  day.  Per  cu.  yd. 

32  iaborera 140.00  (0.94 

1   pumpman   1.2G  .01 

1   teamster  and  horse 2.00  .01 

!   water  b«ya 3.00  .02 

1    englneman    l.TO  .»J 

1   derrick  tender l.BO  .01 

1   llreman   1.50  .01 

1   foreman    2.SS  .43 

Fuel  (cement  barreta  largely)   1.25  .01 

Total,  IIS  cu.  yds.  per  day 151.03  %I»A1 

Tbe  averase  8-hr.  iay"*  work  wan  138  batches  of  O.T  cu.  yd.  each. 
The  be«  day'a  work  was  200  batches.  Seven  revolutlona  of  the 
4-ft.  cubical  mixer  were  aufllclent.  A  12-hp.  engine  operated  the 
mixer  and  served  also  to  hoiat  the  material  cara  up  the  Incline  to  tiie 
mixer.  These  cars  were  loaded  through  trap  doors  In  a  bin  contain- 
ing the  materials,  then  the  cement  was  placed  upon  the  load.  The 
nuLterlal  cars  moved  up  one  Incline,  dumped,  and  passed  down  an- 
other Incline  on  the  opposite  aide.  The  concrete  waa  dumped  Into  an 
Iron  bucket  resting  on  a  car,  hauled  to  one  of  the  two  boom  dar- 
ricba.  These  derricks  had  SO-ft.  booms  and  were  swung  by  bull- 
wheela.  Thli  plant  cost  about  83,000.  The  concrete  waa  rammed 
in  S-ln.  layers  In  all  cases;  and  It  waa  found  advlaable  to  have  one 
rammer  to  every  10  batches  deposited  per  day.  In  addition  to  the 
spreadere. 

Cost  of  Conerste  Breakwater,  Buffalo,  N.  Y.— Mr.  Emlle  Low 
gives  the  following  data  on  the  coat  of  making  concrete  by  contract 
for  the  Buffalo  Breakwater,  In  1902 :  A  S-ft.  cubical  mixer  waa 
mounted  on  a  scow  and  run  by  a  3  x  12-ln.  horliontal  engine.  The 
concrete  was  1:2:1:4  cement,  sand,  gravel  and  stone.  The  voids 
In  the  sand  and  gravel  were  27%,  In  the  unscreened  limestone,  19%. 
A  bag  of  cement  waa  osaumed  to  be  0.9  cu.  ft    The  materials  were 
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■tored  tn  canal  boats  alongBlde.  The  sand  was  loaded  by  S  shovelerB 
IqCO  wheelbarrows  boldlng  3.6  cu.  It,  each,  and  wheeled  In  tandem 
to  a  ateet  chargInK  bucket.  Two  more  barrows,  each  holding  2.7  cu. 
fU  of  gravel,  were  loaded  and  also  dumped  Into  the  charglns 
bucket:  then  t  bass  of  cement  <1H  bbls.)  wore  emptied  Into  tha 
bucket.  Another  bucket  was  loaded  with  11.6  cu.  fL  or  stone  by  8 
sbovelera  These  two  buckets  were  hoisted  by  a  derrick,  In  rapid 
■uccesalon,  and  dumped  Into  the  mixer.  The  dump  man  also  attended 
to  supplying  water.  A  charging  man  started  the  mixer.  The  con- 
crete was  dumped  from  the  mixer  Into  a  skip  on  a  car  below,  by 
S  men  who  pushed  the  car  out  where  another  derrick  on  the  mixer 
scow  hoisted  It  to  the  wall.  There  were  2  tagmen  on  each  derrick 
to  awing  the  boams,  one  paying  out  a  tag  rope  while  the  otiMr 
hauled  In.  A  parapet  wall,  containing  841  cu.  yds.,  was  built  in 
46  hra  actual  work.  18.Z  cu.  yia.  being  placed  par  hour,  each  batch 
containing  LOT  cu.  yda  of  rammed  concrete.  A  parapet  deck,  con- 
taining l.TZO  cu.  yda.  was  built  In  BB  hra.  or  19K  cu.  yds.  per  hr.. 
each  batch  being  1,06  cu.  yd.  The  tabor  cost  of  making  this  con- 
crete (common  labor  being  (1.75  per  IS  hrs.)  was  as  follows: 

Cost,  per  Cost,  pw 

Loading  gang:                              10-hr,  day.  cu,  yd. 

1  assistant  foreman   %  i.ftO  (O.OH 

3  cement  handlers   5.2G  0.029 

3   sand   shovelcrs    6.2G  O.Otf 

3  gravel  ehovelera   3.60  0.020 

8  atone  shovelers 14.00  O.OM 

1  houker-on   1.7B  O.Ol* 

Hlxer  gang: 

1  dumpman    1,76  0.010 

I  charging  man   1. 76  0.010 

I  car  men J.50  0,020 

t  englnemen.  at  IS.25 6.!iO  0.0S6 

4  tag  men,  at  12.00 8.00  0.044 

1  Oreman    ZOO  0,011 

Wall  gang:  ' 

1  signalman 1.76  0.010 

1  dumper   1T6  0,010 

5  RhovelerK  at  $2,00 12.00  0.066 

4  rammers   7.00  0.0S8 

1  foreman    4,00  0.0J2 

Total  (182  cu.  yda,  perday)... -181.76  t0.4SB 

Thlf  cost  of  4S  eta  per  cu.  yd.  does  not  Include  fuel,  forms  or 
plant  i-ental. 

Cost  of  Concrete  Lock,  U|^>er  White  River.*— MaJ.  Graham  D. 
Fitch  gives  the  following: 

A  lock  (No.  ])  was  built  on  the  Upper  White  Blvar,  at  one  end 
of  a  dam.  The  lock  was  built  Inside  a  cofferdam,  the  cost  of  which 
Is  given  elsewhere  (aee  Index  under  CoITerdam),  Wages  of  com- 
mon laborers  were  tl-60  per  8-hr.  day.  Work  was  done  by  Oovem- 
ment  forcea. 

^Enffineerbia-ConlTacUng,  May  6,  1908.  p.  279. 
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The  tocka  are  of  concrete  masoiiry,  175  ft  long,  Iwtween  hollow 
quoins.  The  height  ot  the  lock  walls  In  15  ft.  above  the  upper  miter 
alll,  23  (t  above  the  lower  sll[  and  SO  ft.  above  the  lock  floor.  Being 
founded  on  solid  rock,  each  wall  acta  separately,  and  the  design  Is 
that  of  a  retaining  waU.  The  land  nail  Is  slightly  stronger  than  the 
river  wall,  but  Its  top  la  narrow.  Opposite  the  chamber  It  is 
stepped  Id  Che  rear  with  1-fL  offsets  every  31^  ft.,  whll«  the  river 
wall  is  battered.  Both  walls  are  ny,  ft.  thick  at  the  bottom.  At 
the  top  the  thickness  o(  the  river  wall  is  E  ft,  and  of  the  land  wall 
Is  4  ft  9  Ins.  The  ends  ot  the  lock  walls  are  necessarily  thicker 
than  the  side  walls  of  the  chamber,  as  they  must  not  only  support 
the  pressure  from  the  gates  but  also  provide  work  room  for  the 
bxk  lenders.  The  thickness  of  the  lock  walls  at  the  heels  of  the 
SBtea  was  accordingly  made  It  ft.  The  walls  are  In  conformity  with 
the  usual  practice,  without  batter  inside.  The  available  length  of 
the  lock  chamber  Is  147  ft.  and  the  width  Is  3S  ft.  The  length  of 
the  wall  below  the  lower  quoin  Is  25  ft.  and  above  the  upper  quoin 
J7.    The  total  length  of  the  Jock  Is  2J7  ft. 

The  hollow  Quoins  are  shaped  directly  In  the  concrete,  a  form 
hetng  used  as  for  any  other  special  surface.  The  shape  is  that  of 
an  arc  ot  the  same  radius  as  the  heel  of  the  gate,  namely,  10  Ins, ; 
they  are  110  degrees  In  length,  with  tangents  at  either  end  G  Ins, 
loag.  The  gate  recesses  are  S2  fL  long  and  2  fL  deep.  The  miter 
walls  are  without  batter.  Part  of  the  lower  miter  wall  is  prolonged 
downstream  to  the  lower  end  of  the  lock,  so  be  to  protect  the  tall 
bay  from  being  scoured  out  by  the  discharge  from  the  culverts. 

The  upper  coffer  wall,  the  function  of  which  Is  to  support  a  simple 

valves  need  repairing,  has  Its  sill  1  ft.  below  the  upper  miter  sill. 
In  voffning  the  head  bay  this  sill  forms  the  lower  support  tor  the 
needles  used,  the  top  support  being  a  trussed  beam,  the  ends  of 
Which  rest  in  slots  In  the  main  walls  at  such  an  elevation  that  the 
trussed  beam  will  be  as  low  as  possible  without  being  immersed 
at  ordinary  low-water  stagea  A  similar  arrangement  of  slot  and 
sill  is  provided  for  colterlng  the  tall  bay.  With  the  object  of  pre- 
venting the  water  from  cutting  bebind  the  land  wall,  its  upper  and 
lower  end  is.  In  each  lock,  provided  with  a  wing  wall  running  per- 
pendicularly back  into  the  bank  tar  enough  to  Join  the  rocky  blulf 
Which  Is  from  20  to  30  ft.  In  the  rear.  The  thickness  of  these  walls 
la  1  ft  9  ins,  on  top.  Increasing  downward  by  offsets  until  rock 
foundation  Is  reached. 

There  are  two  filling  culverts  each  3  ft,  3  Ins.  by  7  ft.,  which  are 
Placed  In  the  gate  recesses  to  keep  them  from  filling  With  mud : 
these  culvens  discharge  into  a  large  cross  culvert  In  the  upper  miter 
Wall  and  thence  through  3  small  lateral  openings  Into  the  lock  cham' 
ber.  thus  dividing  the  water  into  small  streams  emptying  near  the 
lock  floor  so  as  to  cause  little  disturbance  to  boats.  For  emptying 
the  lock  there  are  two  side  culverts,  each  1  by  B  ft,,  which  pass 
sronnd  the  heels  ot  the   lower   gates   entering   near   the   gate   re- 
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cesa  and  dlscharelng'  below  the  miter  wall  Into  the  tall  bay,  Ihua 
serving  to  prevent  utposits  there. 

The  forma  used  In  the  concrete  work  on  the  lock  were  of  the  umial 
type,  namely,  plank  or  lagKlng  laid  horlionCally  bdi3  held  rigidly  by 
outside  poitB,  solidly  braced  to  the  ground  so  as  to  prevent  the  ram- 
ming Irom  springing  them.  Yellow  pine  lumber  was  used.  The  log- 
ging was  2  Ins.  thick  and  12  Ins.  wide,  and  was  dressed  on  all  lour 
sides.  The  pons  were  4  x  t-\n.  scantling,  spaced  4  ft,  apart  and  were 
BtipporCecl  at  about  S-fL  Intervals  by  Inclined  braces  of  4  x  8-ln. 
scantling.  The  forms  were  built  In  separate  alternate  Bectlons,  thtt 
lagging  for  each  section  being  carried  to  the  full  height  before  con- 
creting was  started  In  that  section,  and  the  concreting  (or  each 
section  oT  wall  being  completed  before  another  section  was  begun. 
as  the  work  was  In  two  8-hr.  shifts,  the  sections  are  not  monollthB, 
These  posts  at  the  forms  were  tied  together  at  the  top  of  two 
rows  of  K-ln.  or  K-ln.  roimd  Iron  tie-rods  Forms  were  left  In 
position  trom  (our  to  Ave  days  after  concreting  was  completed. 

Co»t  of  Formt. — The  cost  of  the  forms  was  as  follows.' 

Haterlals:  Unit  Cost       Total,       PerUtt 

l^umber.   159  U  ft. til. 40  tl.SlS  tW.40 

Iron   and  nails    160  2.2i 

Total »2.i7»         ?lV.«< 

Inspecting  lumber,   IG.t   H 189T  t  .04 

Hauling  lumber 78  .48 

Erecting,  etc..  1E9  M  ft 16.29  Z.430  IG.39 

Total    J2,614  I1S.72 

Grand  total  <IG9  U  «.) U,I»Z  (29.38 

The  total  labor  time  In  days  In  erecting,  etc..  was  1,218%  days, 
and  the  work  done  per  man  per  day  was  130,E  ft.  B.  U. 

Mixing. — The  concrete  mixer  was  a  4-ft.  cubical  box  of  H-ln.  riv- 
eted steel  securely  fastened  at  diagonally  opposite  comers  to  a  3-ln. 
siHel  shaft  bored  for  about  half  lis  length  with  a  1-ln,  hole  for  the 
udmliBlon  of  water.  Near  one  comer  was  a  15  x  20-ln.  hinged  door 
for  the  admission  ai  the  dry  materials  The  mixer  was  operated  by 
a  center  crank  engine  with  6  x  7-In.  cylinder  and  was  located  on  the 
bank  approximately  opposite  the  center  of  the  lock.  The  concrete 
was  placed  by  derricks.  A  Y  track  led  from  the  mixer  parallel  to 
and  about  IS  ft.  back  Of  Ihe  land  wall  to  within  easy  reach  o(  two 
stiff-leg  derricks,  so  located  as  to  command  the  entire  lock  wall. 
The  mixer  charge  was  dumped  Into  skips,  which  were  taken  from 
Ihe  cars  by  derricks  and  the  concrete  deposited  In  place  In  the  look 
walla.  Upon  Ihe  completion  of  the  land  wall  the  derricks  were 
placed  on  this  wall,  where  Ihey  commanded  the  river  wall.  The  con- 
crete was  placed  In  layers  10  Ins,  thick. 

In  the  concrete  work  Portland  cement  only  was  used,  the  brands 
being  Lehigh  and  Alpha.    The  cement  varied  In  price  from  tl.82  to 
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tt-Jt  per  barrel  dellverea  on  oara  at  Blrdi  Point,  Ua  ;  from  there 
It  mil  tronaported  aa  far  aa  Newport,  Ark.,  over  a,  land-srant  rail- 
road, and  from  Newport  to  Batesvllle,  the  freight  charKes  were  ap- 
pnjilmately  11  eta.  per  barrel.  The  aand  uied  woa  a.  coarse,  shaip, 
dtBa  aand  from  the  Arkanaaa  River,  near  Little  Hock,  and  coat 
U  eta.  per  cubic  yard  delivered  at  Little  Rock.  To  tbla  warn  should 
be  added  ZG  eta  for  freight  and  38  eta.  for  haulloK  from  Che  BaCea- 
Tllle  d^M>t  to  the  lock  site. 

Th«  gravel  uaed  was  dredged  by  hired  labor,  from  the  river  sear 
tbe  wortca ;  It  conalated  of  a  mixture  of  pebbles  of  all  aliea  with 
about  19%  Band.  It  was  not  washed,  as  bare  were  found  where  the 
mvd  contained  onlr  clean  sand.  This  river  gravel  contained 
uwally  from  17  to  21%  of  voids.  It  coat  delivered  in  bin.  Including 
ail  charges,  So  cts.  per  cu.  jS,  The  stone  uped  was  a  sandstone,  the 
nsalled  bluestone  of  Cabin  Creek,  Arkansas,  which,  tested  at  Water- 
town  Arsenal,  had  shown  an  ultimate  strength  of  IT.TOO  to  19.T0'> 
lbs  per  sq.  In.  It  cost  TO  cts.  iier  cu.  yd.  at  Cabin  Creek ;  the  freight 
i^iorgea  amounted  to  2E  eta.  per  cu.  yd.  and  the  hauling  from  the 
depot  to  the  worka  SO  eta.  a  cu.  yd.  All  atone  was  broken  Into  frag- 
DKnti  amatl  enough  to  pass  through  a  2-ln.  ring.  The  voids  aver- 
aged 51%.  The  stone  was  required  to  be  ecreened,  though  the  run 
ot  the  crusher  would  have  been  preferable. 

The  proportions  of  Ihe  mix  varied,  the  concrete  being  richer  In  the 
foundations,  on  expoaed  surfaccB,  and  when  gravel  was  used.  It 
vai  (he  Intention  to  uae  crushed  stone  concrete  for  a  depth  of  i  ft 
on  all  exposed  surfaces  and  gravel  concrete  elsewhere,  but  In  the 
construction  of  this  lock,  owing  to  the  Irregularity  of  the  delivery 
of  the  atone,  gravel  concrete  was  used  whenever  necessary  to  avoid 
Mopping  the  work.  Three  mlilurea  were  used  In  the  walla,  depend- 
ing upon  the  supply  of  materials  on  hand,  vlx. :  1  part  cement,  2^ 
sand,  and  6H  gravel;  1  part  cement,  3  sand,  fi^  gravel;  1  part 
cement,  3  sand,  4  gravel  and  2  broken  stone.  L«ss  sand  waa  used 
with  th«  straight  gravel  mixture  than  with  the  broken  stone  because 
of  the  large  per  cent  ot  sand  contained  In  the  river  gravel.  The 
amount  of  water  had  to  be  varied  frequently.  It  waa  regulated  by 
Judgment,  according  to  the  appearance  of  the  mortar. 

The  cost  of  mixing  and  placing  the  concrete  for  the  lock,  was  as 

Per 

cu.  yd. 

Unit  Con- 

Materlala.  Cost.      Total,    crete. 

Cement,  Lehigh,  4,061  bbls. $2.46        t  »,9S6     »1.12 


Cement,  Le.hi^h,  Btl  bbls.^ 

■,  'a.z'so 


Cmiei^  Alpha,|_  4.9B2   bbi^'.'.'.'.'.'.'.'.'.'.'. .'.'. .'.'.    2.Z0  IJ'g*^ 


Crashed  stone,  92  ci 

Sand,  3,09S  cu.  yds, ao           .>,"».«  ■" 

Gravel.  12.9  cu.  yda SO  0 

Fuel    , B37  .Of 

Illuminating  oils i"  l- 

Total  materlala J2B.32!  »2.9' 
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Unit  Con- 
Labor.                                                                     Com.  TotaL  creM. 
Hlxsr  tmme t     1S3  lO.OiT 

Inap.  of  cement.  9.SH  bbls. f  0.012  US  O.OIE 

Inspect'n  of  crushed  atone,  2.348  cu.  yda. 101  i38  .02C 

Inap.  of  sand.  3.096  cu.  yda. OSS  Z12  .021 

Storing  cement.    2,500   bbls. 079  199  .021 

Hauling  cement,  9.S90  bbls. 08  77S  .08* 

Hauling  crushed  atone,  £, 078  cu.  yda. 60  l.li7  .140 

HaulltiB  sand.  3,0G3  cu.  yds. 38  1.110  .130 

DredgInK  gravel,  e.125  cu.  yds. 105  6it  .07Z 

"ravel   (or   hand  mixed  concrele. 


S.Oas  cu.  ydn. 47S  2,3T8 

Ulilng  and  placing  machine  mixed  concrete. 


HcEatlng  gravel  t 

S.Oas  cu.  ydn... 

Ixlng  and  placlL.„ , 

7.H58  cu.  yda. EOS  1,484  .49* 

julxlng   and    placing   hand    mixed    concrete, 

l.OBl  cu,  yda. 1.83  1,9S1  ,tSl 

Tamping     machine     mixed     concrete,      T,858 

cu.    yda. 328  1,E81  .288 

Tamping  hand  mixed  concrete.  1.081  cu.  yila.     .443  479  .OSS 

Finishing  top  of  lock  wall.   G4g  cu.  yda 104  E7  .OOS 

Total   labor 116.814     11.88 

Qmnd  total,  8.939  cu.  yds.  concrelo 143,180     11.83 

Coat  of  concrete,  Including  forma tG.36  per  cu.  yd. 

Some  of  the  labor  Items  can  be  further  luimnarlied  as  totlowa: 
Work        Labor      done 

bbla,  £y.  per  day. 

bblK 

Inspection    of    cement 9:884  T3  S/S     lS9.It 

Storing   cement 1,600  84  6/8        3S,32 

cu.  yds.  cu.  yda. 

Inspection  Of  cnisbcd  atone 2,348  71  21, IS 

Inspei'tlon  of  sand 3,098         111  13.63 

Dredging   gravel 6.125         t06  2/8        20 

Unloading  gravel  for  hand  mixed  concrete..       38E  41  (.8* 

llolBtlng  gravel  for  machine  mixed  concrete  G,02B      1.308  1.84 

Mixing  and  placing  machine  mixed  concrete  7.8GB     1,181 1/8  S.>» 

Mixing  and  placing  hand  mixed  concrete, . .    1,081      1,101 1/B  .88 

Tamping  machine  mixed  concrele 7.868      1.410  1/8  6.Et 

Tamping  liand  mixed  concrete 1,081         281  3,81 

Flnlalilng  lop  of  lock  wall G48  19  G/ 8        18.tT 

Valvet,  Laddert,  Stc— The  valves  !□  the  culverta  previously 
mentioned,  are  butterfly  or  balanced  valves  of  steel  platea  and  an^«a 
turning  on  vertk-al  ahafla.  There  are  two  valves  to  each  fllUng 
culvert  because  the  valves  had  to  be  of  low  height  In  order  t* 
remain  submerged  during  low  Water.  They  are  1  ft,  3  Ina  by  3  ft. 
2  Ina  In  slie.  The  wicket  la  set  In  a  cast  Iron  frame  bolted  to  th» 
concrele  and  Is  protected  from  debrla  by  a  movahte  screen  sliding 
vertically  In  guides  bolted  to  the  walla  The  valve  aperallng  gear, 
which  Is  set  In  a  covered  receaa  In  the  coping,  consists  of  a  gear 
sector  keyed  to  the  top  of  the  valve  shaft  snd  geared  with  a  pinion 
turned  by  a  rachet  wrench  and  wheel.  Two  recessed  ladders  Br» 
placed  In  each  chamber  wall  o(  the  lock. 

The  cost  of  the  valvea  laddera  etc,  was  as  follows; 
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Httwlal*.                                                                     Unit  Com.  ToUL 

»«r  ialv«B  aod  foundry  work  on  same.  Z »j«i.uO  t   tl4 

Ino,  wroucbt,  i-taj  Iba. itc  S14 

Inw.  CUM,  1,733  ib& HIS  118 

SWel,  «,«•  Iba. USB  (13 

Total  nuUulala tl.74* 

Ubor. 

Hulling,  Iron,  etc tie 

PlBcUis  Sa.llO  Iba iO.OZ  406 

Total  labor t    423 

Qruid    toUi 1,171 

Baaaamry  <a  LocA  Work :  Vaii 

„  Total.  Cow. 

CleuliiK  site  (4  acraa) t  iO*  I61.O0 

CoSenuni  (4S2  lln.  IL) M8T  18.17 

Bxamtloa  tJ.SgS  co.  yds.) &,.6S  l.EI 

Fimuu  (la!)  M.  it.} 4,lt»l  IS.SI 

OoocrMe   it.iiJ  cu.  yda) 4S.1B<  4.BS 

Gam  and  siua a.&Sj        

JylTOi,  ladder*;  etc 2,1J1  .... 

nUlns  behind  land  wall  (1,212  cu.  yds.) 1.441  .SOG 

GjredlosBnd  paving  same  (l.Vie  sq.  yds.) 1.&&3  .SIO 

wavatlng  ui^per   approach SHU 


BxcaTatlni 
land 


L  (t.) i.Tia 


l-ower  land  crib  (a.S  M.  ft.) „      „,..„ 

Umerriyer  crib  (<B.2  H.  (t.) 2,S04        «0.»9 

Upper  riVOT  crib  (4T.8  It  fL> 2.761        £8.00 

Total     fbl.TlG 

For  the  cost  of  the  loclt  gate*,  see  the  aactlon  on  Tlmberwork  and 
PlUnc.    Consult  the  Index  under  "Tlmberwork,  Lotk  Gatea" 

Coat  of  Conoreta  Locks,  Cmwa  River,  Ala.— Mr.  Charles  Firth 
Slvee  the  following  on  the  concrete  Icxiks  on  the  Coosa  Biver,  Ala. 
Lock  No.  11  haa  a  length  of  S12  fL  tMtween  hollow  quoins  and  a 
length  of  410  ft  over  all,  with  a  width  of  B2  tL  In  the  clear. 
The  lock  walls  are  '.14,7  ft  high  and  10  ft.  thick  at  the  base  The 
total  quantity  of  concrete  was  20,000  cu.  yd*.,  requiring  It, BOO 
bbla  of  cement,  half  Atlas  and  halt  Alssn's.  It  was  mixed  1 :3  :GH> 
the  stone  being  crushed  mica-schist.  Two  mechanical  4-ft  cube 
■nliara  were  used,  being  driven  by  a  10  X  It  engine.  Bach  batch 
cotuUted  of  a  cu.  ft.  cement,  »  cu.  ft.  sand  and  lOH  cu.  ft.  atone,  and 
mu  turned  1  times  before  and  S  times  after  adding  the  water,  at  a 
V>eed  not  exceeding  S  revolutions  per  minute.  Tbn  top  floor  of  the 
mixing  house  had  a  storage  capacity  of  Z.OOD  bbls.  of  cemenL  The 
nnd  and  stone  were  delivered  In  side  dump-cara  The  concrete  was 
delivered  Into  bottom-dump  cara  The  average  output  of  these  two 
■nliers  was  200  cu.  yda  In  8  hra,  or  100  cu.  yds.  per  mixer,  but  It  was 
limited  by  the  means  of  placing  the  concrete.  Each  batch  of  concrete 
measured  24  cu.  ft.  In  the  car.  but  It  shrank  10%  when  rammed  in 
plac4  ID  that  It  required  14  cu.  ft.  of  concrete  In  the  cars  Co  make 
1  cu.  yd.  In  place.  The  concrete  was  mixed  quite  dry  and  rammed 
In  t  to  8-ln.  layers,  using  I0-1I>.  Iron  rammers  having  a  square  face 
t  Ina.  on  a  side.  On  all  exposed  surfaces  a  I  :I  mortar  was  placed 
as  the  work  progressed,  making  a  thickness  of  0  Ina  of  mortar.    To 
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do  ttila  2  X  12-ln.  planks  were  placed  i  Inm,  away  trom  the  forma, 
being  kept  at  that  distance  by  2  x  4-in.  strliu  ol  wood.  After 
the  backing  concrete  was  In  place  and  partly  rammed,  tliose 
planks  were  removed  and  the  S-ln.  space  tilled  with  mortar.  Tha 
walls  were  carried  up  In  lifts,  each  lift  being  completed  all  around 
the  dock  before  the  next  was  commenced.  The  flrst  was  lO.T  ft. 
high :  each  aucceedlnK  Hit  was  6  ft.  except  the  lust  which  wof 
4.6  TL,  eicluHlve  of  the  18-liL  coping.  The  coping  was  C  ft,  wide 
and  mndo  in  leparate  bloclis  3  ft.  long,  which  were  placed  after 
[ha  walla  were  completed.  The  coping  was  1 :2  :3  concrete,  faced 
with  1 :1  mortar,  and  was  cast  In  blocks  face  down,  Its  ederes 
being  rounded  to  a  3-ln.  radlua  The  sides  of  the  molds  for  theaa 
blocks  were  removed  3  days  after  making,  and  10  days  later  tlie 
blocks   were  stacked   away. 

In  building  the  forms  I  x  S-in.  posts  24  ft  long  were  set  up 
on  the  Inside  of  the  lock  In  line.  E  ft.  7  Ins.  apart :  and  a  slintlnr 
row  of  posts  12  fL  long  was  set  up  outside  of  the  lock.  Tlie  postH 
were  capped  with  (  X  8-ln.  caps  which  supported  the  track  stringera 
for  the  concrete  cara  E^ach  line  of  posts  was  sheeted  with  i  X  lO-ln. 
plank  dressed  on  all  sides,  and  the  posts  were  well  braced  with 
Inclined  struts.  After  the  first  lift  was  completed,  the  back  row  of 
posts  was  lifted  onto  the  oITset  on  the  back  of  the  wall  by  Ui« 
reduced  wlilth  of  the  ne\t  lift;  but  the  long  posts  on  the  front 
face  were  not  moved,  the  caps  tielng  simply  unbolted  from  them  and 
fastened  near  the  top  of  the  posts.  The  sheeting  plank  was  of 
course  moved  up.  No  lie  bolts  were  built  Into  the  concrete  Wall, 
which  made  the  bracing  of  the  forms  rather  elaborate  as  the  wall 
grew  higher. 

The  bottom-dump  concrete  cars  were  dumped  onto  wooden  plat- 
forms Inalde  the  forma,  as  It  was  found  that  even  a  slight  drop 
caused  the  larger  stonos  to  separate  and  roll  to  the  outer  odgea 
These  stones  were  shoveled  back  Into  the  pile,  and  then  the  concret* 
was  placed  with  shovela  The  doors  of  the  cars  were  hung  at  the 
Bides,  and  upon  dumping  they  would  strike  the  stringers  carrying 
the  track,  thus  Jarring  the  forms  and  frequently  throwing  them 
out  of  line.  A  better  method  would  have  been  to  have  hinged 
the  doors  at  each  end  of  the  car.  It  was  found  advisable  to  hava 
plenty  of  head  room  at  the  end  of  each  lift,  otherwise  the  spread- 
ing and  ramming  were  not  properly  done.  During  the  year  ending 
June,  1896,  there  were  only  SO  days  when  work  wna  carried  on 
uninterrupted  by  Hood  a  The  total  quantity  of  concrete  placed 
that  year  was  g.TlO  cu.  yds.,  the  work  being  done  by  day  laborer* 
for  the  Oevemment  (not  by  contract).  Nexroes  at  tl  per  B-hr.  day 
were  Mnployed.  The  cost  per  cubic  yard  of  1:3  rE^  concrete  Waa 
as  followa: 

1  bbl.  cement (8.18 

S.SS  cu.  yd.  stone,  at  SO.ll 67 

0.3«  cu.  yd.  sand  at  t0,34 11 

Htxlng,  plai-lng  and  ramming BS 

Staging  and  forms it 

Total,  per  cu.  yd. 14,67 
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Had  MOgem  been  fl.GO  per  day  tile  coiC  Would  b&ve  been  fl.tt  per 
CO.  yd.  Innead   of  SH  ctB.  for  mixing. 

CMt  Of  Lock*,  Caicade  Canal.— In  OUIette  and  Hill's  "CoDcrelO 
Coannictlon,"  Chapter  XI,  on  "Forclflcatlons,  l^oclcB.  Dams  and 
BreakWBt«ra."  iho  methods  of  buUdlDS  and  detailed  coat*  are  given. 
It  will  nifllce  here  to  Rate  that  the  cost  waa  (8  per  cu.  yd.  for 
machine  mixed  concrete,  and  tJ  for  hand  mixed  concrete,  of  which 
coit  tG.GO   was   tor  materlala,   and   tl.TO   tor   plant   and   niperln- 

Cnt  of  Lock*.  III.  and  Mlu.  Canal.— In  Gillette  and  Hill'*  "Con- 
crete Con  Htnictl  on.  pp.  198  to  19T  ;  a  detailed  Illustrated  description 
Is  stven  of  Che  forms,  plant,  and  methods  of  buIldlnK  these  locks. 
The  cost  ot  two  of  the  locks  was  f9  per  cu.  yd.,  of  which  t2  to 
tJ.lO  was  labor  and  carpenter  work.  Cube  mlxerH  were  used.  For 
detailed  costs  consult  the  above  reference. 

Lsbor  Coat  of  Retaining  Walls.— In  canal  excavation.  In  subway 
work  In  cities,  and  the  like.  It  Is  often  necessary  to  dig  trenches  and 
build  relalnlnK  walls  In  the  trenches  before  excavatlns  the  coro 
of  earth  between  the  walls.  The  following  example  ot  this  class 
of  work  Is  taken  from  some  record*  that  I  have :  A  Smith  mixer  was 
used,  the  concrete  being  delivered  where  wanted  by  a  I^mbert 
cableway  ot  *00  ft.  span.  The  broken  stone  and  sand  were  delivered 
near  the  work  In  hopper-botteun  cars  which  were  dumped  through 
a  trestle  onto  a  plank  floor.  Men  loaded  the  material  Into  one- 
horse  dump  carta  which  hauled  It  900  tt,  to  the  mixer  platform. 
This  platform  waa  24  X  24  ft.  square,  and  G  ft.  hl^  with  a 
planked  approach  40  fL  long  and  contained  7, GOO  ft.  B.  it.  The  stone 
and  sand  were  dumped  at  the  mouth  ot  the  mixer  and  shoveled 
In  by  4  men.  Bitgtit  men,  working  In  palra.  loaded  the  broken 
■tone  Into  the  carts,  and  i  men  loaded  the  sand.  E^ach  cttrt  waa 
loaded  with  about  TO  shovelfuls  of  stone  on  Cop  ot  which  3E  shovel- 
fuls of  sand  were  thrown.  It  took  3  to  G  mins.  to  load  on  the  stone 
and  1  mln.  to  load  the  sand.  The  carta  traveled  very  slowly, 
about  ISO  fL  a  minute — in  tact,  all  the  men  on  the  Job.  Including 
the  carC  driver*,  were  slow.  After  mixing,  the  concrete  was  dumped 
InCo  iron  buckets  holding  14  cu.  ft.  water  measure,  making  about 
M  cu.  yd.  In  a  batch.  The  bucketa  were  hooked  on  to  the  cableway 
and  conveyed  where  wanted  In  the  walL  Steam  for  running  the 
mixer  was  taken  from  the  same  boiler  that  supplied  the  cableway 
engine.  The  average  output  of  this  plant  was  104  cu.  yda  ot 
concrete  per  10-hr.  day,  although  on  many  days  the  output  was 
lis  cu.  yds.,  or  SEO  batches.  The  cost  of  mixing  and  placing  waa 
as  follows,  on  a  ba«l*  of  100  cu,  yds.  per  day : 

Por  day.    P«r  cu.  yd. 

8  men  loading  stone  Into  carC* t  12.00        t  .12 

2  men  loading  sand  into  carts J. 00  .OS 

1  cart  hauling  cement 3.00  .03 

g  carCs  hauling  stone  and  sand 24.00  .24 

4  men  loading  mixer $.00  -DB 

1  man  dumping  mixer 1.50  .01 

2  men  handling  buckeCs  at  mixer 3.00  .0) 

4  men  dumping  buckets  and   ramming       9.00  .09 
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1    foreman 6.00  .0( 

I  wa-ter-boy I.OQ  .01 

1  ton  coat  (or  cableway  and  mixer. . .       4.00  .04 

Total    (lOT.BO  11. 07 

In  addition  to  this  cost  of  |1.DT  per  cu.  yd.  Ihera  waa  the  coot 
of  moving  tho  whole  plant  tor  every  350  fl.  of  wall.  Thla  required 
2  days,  at  a  cost  of  flOO,  and  as  there  were  about  1,000  cu.  yda. 
of  concrete  In  3GD  ft.  of  wall  16  ft.  high,  Ihe  coBt  of  movlos  til* 
plant  wag  10  eta  p«r  ou.  yd.  of  concrete,  bringing  the  total  cort 
of  mlilng  and  placing-  up  to  ST  cba.  per  cu.  yd.  As  above  stated,  tli« 
whole  gang  was  slow. 

The  labor  colt  of  making  the  forma  was  high,  for  auch  ilmpl*  and 
heavy  work,  coating  flO  per  U.  of  lumber  placed  each  day.  Tha 
forms  weia  Z-in.  aheellng  plank  held  by  4  X  S-ln.  upright  studs  2% 
It.  apart,  which  were  braced  against  the  sides  of  the  trench.  Tba 
face  ol  the  forms  waa  dressed  lumber  and  eUI  cracks  were  carefully 
puttied  and  sandpapered. 

The  above  costs  relate  only  to  the  massive  part  ot  the  wall  and 
not  the  coat  of  putting  in  the  facing  mortar,  which  waa  excewlTeIr 
high.  The  (ace  mortar  was  2  Ins.  thick,  and  about  3Vj  cu.  yds.  ot  It 
were  placed  each  day  with  a  force  of  8  men  I  Two  of  these  man 
mixed  the  mortar,  2  men  wheeled  it  In  barrows  to  the  wall,  1  m«i 
lowered  It  In  huckeca,  and  1  men  put  It  In  place  on  tha  (ace  ot  tha 
wall  If  ne  distribute  this  labor  coat  on  the  face  mortar  over 
the  100  cu.  yds.  of  concrete  laid  each  i3ay,  we  have  another  11  eta, 
per  cu.  yd. ;  but  a  better  way  is  to  regard  this  work  as  a  sepamtft 
Item,  and  estimate  It  as  xtuare  feet  of  facing  work.  In  that  cass 
these  8  men  did  BOO  sq.  fL  of  facing  work  per  day  at  a  cost  ot 
nearly  2^   cts.  per  sq.  It.  for  labor. 

The  building  of  a  wall  similar  to  the  one  Just  described  wu 
done  by  another  gang  as  follows:  The  stone  and  sand  were  deliv- 
ered In  flat  cars  provided  with  side  boards.  In  a  stone  car  G  men 
'  were  kept  busy  shoveling  stone  Into  iron  dump  buckets  having  a 
capacity  o(  20  cu.  tt.  water  measure.  Bach  bucket  was  tilled  about 
two-thirds  full  of  stone,  then  it  was  piclced  up  by  f.  derrick  and 
swung  over  to  ttie  next  car  which  contained  sand,  where  two  men 
fllled  the  remaining  third  o(  the  bucket  with  sand.  The  bucket  was 
then  lifted  and  awung  by  tho  derrick  over  to  the  pIat(omi  ot  the 
mixer  where  It  was  dumped  and  Its  contents  shoveled  by  (Our  men 
Into  the  mixer,  cement  being  added  by  these  men.  The  mixer  Wa* 
dumped  by  two  men,  loading  Iron  buckets  holding  about  U  cu.  yd. 
ot  concrete  each,  which  was  the  siie  of  each  batch.  A  second 
derrick  picked  up  the  concrete  bucket  and  swung  It  over  to  a  plat- 
(orm  where  it  was  dtnnped  by  one  man;  then  tan  men  loaded  tbs 
concrete  Into  wheelbarrows  and  wheeled  It  along  a  runway  to  tha 
walL  One  man  assisted  each  barrow  In  dumping  Into  a  hopper  on 
the  top  ot  a  sheet-iron  pipe  which  delivered  the  concrete.  Tha 
two   derricks   were   stllt-leg  derricks  with   40-(L    booms,   provided 
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with  boll-wbeelB,  and  operated  by  double  cylinder  (I  x  lO-ln.) 
anglaea  of  IS  hp.  eacb.  About  1  ton  ol  coal  was  Ijurned  dally 
under  the  boiler  mipplylng  Bteam  to  tbese  two  holsllng  engines. 
Tbe  output  of  this  plant  waa  200  batches  or  100  cu.  yds.  of  concrete 
per  10-hr.  day,  wben  materials  were  promptly  supplied  by  the 
lallroad;  but  delays  In  delivering  cars  ran  the  average  output  down 
to  SO  ciL  yd*,  per  day. 

On  the  basis  of  100  cu.  yit.  dallr  output,  the  cost  of  mixing  an>l 
placing  the  concrete  was  as  follows : 

Pot  day.     Percu.  yd. 


n  loading  stone f  T. 

n  loading  sand S, 

1  charging  mixer 


.SO 


s  and  ramming. . 


t   englnaraen 6. 

1  Hreman 

1  water-boy 

1    foreman 

10  men  malting  forms 


:oi>4 

,0*« 


Total    f gS.00  tO-SE 

In  addition  there  were  8  men  engaged  In  mixing  and  placing  the 
I-ln.  facing  of  mortar  aa  staled  above. 

Ccxt  of  Retaining  Wslli,  Chicago  DralnagB  Canal. — Mr.  Jamea 
W.  Bcardsley  gives  the  following  data,  on  20,000  lln,  ft.  of  concrete 
wall,  built  l>y  contract.  The  work  was  let  In  two  sections.  Sacs.  14 
and  U,  which  will  be  considered  separately.  In  both  cases  a  1:1% -A 
natural  cement  concrete  was  used,  and  It  waa  faced  with  1 :3  Port- 
land mortar  S  Ina  thick,  also  coped  with  the  same  3  Ina  thick.  The 
average  height  of  the  wall  was  10  ft.  on  Sec.  11,  and  22  ft  on 
Sec  le.  the  thlcknen  at  the  base  being  half  the  height 

On  Sec  14,  the  stone  for  the  concrete  waa  obtained  from  the 
vol!  bank  of  the  canal,  loaded  Into  wheelbarrows  and  wheeled 
about  100  ft  to  tbe  crusher ;  some  was  hauled  In  wagona  An  Austin 
Jaw  crusher  was  used,  and  It  discharged  the  stone  Into  bins  from 
which  it  was  fed  Into  a  Sooysmlth  mixer.  The  crusher  and  the  mixer 
were  mounted  on  a  flat  car.  Bucket  elevators  were  used  to  raise  the 
slonc^  sand  and  cement  from  their  bins  to  the  mixer ;  the  buckets 
were  made  of  such  8li«  as  to  give  the  proper  proportions  of  In- 
eredlehts,  aa  they  all  traveled  at  the  same  speed.  Only  two  laborers 
were  required  to  look  after  the  elevators.  The  sand  and  cement 
were  hauled  by  teams  and  dumped  Into  the  receiving  blna  There 
were  21, £68  CU.  yda  on  Sec.  14.  and  the  cost  was  as  follows: 

Typical  Wages  per  Cost  per 
force.         lOhra         cu.  yd. 

1.0  tS.OO  »0.0i6 

Blacksmith    l.l  2.75  0.018 

Ttanelieeper   O.E  2.50  0.007 

Watebman 0.8  "  ""  "  ■"" 

Waterboys S.9 


Qmeral  force. 


0.022 
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Wall  force. 

Foreman    0.9  2.50  O.Olt 

Laborers    8.8  1.50  0.071                ' 

Twnp«rs    1.3  l.TE  0.021 

ICIxer  force. 

Foreman    1.2  2.S0  O.OIT 

EnKinemeD    l.S  2.E0  O.OIE 

LmSoTVrn    8.7  l.GO  O.067 

Pump   runner 1,0  2.00  O.OIO 

UlxlDK  machines 1.7  1.2G  0.012 

Tlmbw  force. 

Forenian    0.6  2.&0  0.D08 

Carp«nlerB     4.7  2.80  0.OB7 

Laborer!    1.2  l.GO  0.410 

Uslpera    &.1  1.60  0.07S 

Hauling  force. 

lAborera    2.0  1.7B  0.0!< 

Teams    O.t  3.26  D.llS 

CnublnK  force. 

Foreman    O.G  I2.G0  tO.ooT 

Englneman    l.T  t.SO  O.OIS 

Laborers    S.G  l.GO  0.032 

Austin  crushers 1.7  1,20  0.011 

Loading  stone. 

Foreman    1.7  2.G0  0.023 

Laborers    32.9  l.GO  0.180 

Total  for  crualiLng,  mixing  and  placing fO.OTG 

The  dally  costs  charged  to  the  mixers  and  crushers  Include  tbi 
cost  of  coal,  at  12  a  ton.  and  the  cost  of  oil. 

The  gang  "loading  slone"  apparently  did  a  good  deal  of  sledglnx 
of  larsB  stones,  and  they  also  wheeled  a  large  part  of  It  In  barrows 
to  Che  crualier. 
The  plant  cost  19,600,  distributed  as  follows: 

i  Jaw  crushers 11,000 

t   mixers 3,000 

Track   1,2(0 

Lumber    GOO 

Pipe    840 

Sheds    400 

Total     18,600 

If  this  first  cost  of  the  plant  were  distributed  over  the  !l,6Gt 
ou,  yds.  ot  concrete  It  would  amount  to  41  cts.  per  en.  yd. 
The  cost  of  the  concrete  was  as  follows : 

Ullca  cement,  at  10,66  per  bbL tO%i 

Porlland  cement,  at  t2.2G  per  bbl O.IOG 

Band,  at  |l,36  per  cu.  yd. ^  0.46B 

Btone  and  labor,  as  above  given 0.97G 

Total     |2.I08 

First  cost  ot.  plant 10.407 

On  Sec.  IE  thr  conditions  were  much  the  Same  as  on  Sec.  14.  iMt 
described,  eicopt  that  the  limestone  was  quarried  from  the  bed  of 
the  cannl.  and  was  crushed  In  a  stationary  cruaher,  Na  7  Gates. 
TUe  BtoDB  was  hauled  1,000  ft.  to  the  crusher  on  cars  <lr*wn  by  k 
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cable  from  a  botstlnE  engine.  The  output  o(  thia  cruiher  averaEed 
:]0  cu.  jrdL  per  flay  of  10  hr&  Tbe  cnubed  stone  was  hauled  In 
dump  can,  drawn  by  a  locomotive,  to  the  mixers.  Spiral  screw 
mtiert  mounted  on  fiat  cars  were  used,  and  they  dellverod  the 
omenta  to  belt  conveyors  which  delivered   the  concrete   Into   the 

Tbe  (onns  on  Sec.  IE  (and  on  Sec.  14  as  well)  consisted  of 
uprliht  posts  set  8  n.  apart  and  S  1ns.  !□  front  of  the  wall,  held 
at  the  toe  by  Iron  dowels  driven  Into  holes  in  the  rock,  and  held 
ti>  tbe  rear  posta  by  the  rods.  The  plank  sheetlnK  was  made  up 
Id  lanels  1  ft.  wide  and  IS  ft.  long,  sod  was  held  up  temporarily 
bs  loose  rinKB  which  passed  around  the  posts  which  were  gripped 
by  the  friction  of  the  rings.  These  panels  Were  broucht  to  proper 
Uie  and  held  !n  place  by  wooden  wedKSS.  After  the  concrete  had 
M  U  brs.  tbe  wedges  were  struck,  the  panels  removed  and  pcraped 
dean  ready  to  be  used  again. 

Tbe  cost  of  quarrying  and  crushloK  the  stone,  and  mixing  the 
timcrete  on  Sec.  IS  was  as  follows: 

Typical  Wages  per  Cost  per 
General  force.  forca        10  hrs.       cu.  yd. 

Superintendent 1.0  tS.OO  t0.024 

Blacksmith    0.9  2.TS  0.011 

Teams     I.T  3.00  0.086 

Waterboy    4.8  1.00  0.02i 

Wall  force. 

Foreman    1.1         2.G0  O.Oli) 

lAtrarCTB    14.4  l.EO  0.10G 


Bflzer   force, 

2.1         a.Ro        o.oae 


23.1  1.B0  0.180 

Mixing  machbies 2.1  1.2G  0.022 

Coventors     0.8  3.00  0.013 

laborers   0,7  l.GO  O.OOS 

Hdpers    10,3  3.10  0.13B 

Hauling  force. 


0.4  l.TB  0,003 

Brakeman    2.2  2,00  O.OIS 

Teams     0.4  3.2B  O.ODT 

Laborers    1.6  l.BO  0,010 

L.ocomotlves    1.4  2.26  0.015 

'..!"??'. 1.0  2.B0  0,014 

Bnglnemen    1.0  2.S0  0.011 

Laborers    11,1  1,B0  o.Osi 


Qyratory    crusher 1.0  2.2G  0.011 

Quarry  force. 

Foreman     1.2  2.60  0.012 

Laborers    19.0  1.60  0.140 

Driilera    1.8  3.00  O.017 

Drill  helpers 1.8  l.BO  O.OIS 

Machlm  drills l.B  1.2B  0.01 1 

Total     tO,393 
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The  flrst  coat  of  the  plant  for  thta  Work  on  Bee.  IE  was  tSE.IltO, 
distributed  bb  follows: 

1  crusher.  No.  T  Gate* ID.OOD 


Cara    and    track E.SOt 

i   mlier* S.DOO 

lumber  i.aoo 

Pipe    710 

Small  tools 1.000 

Total ttS.iiO 

This   f2G,420   distributed   over   the    41.811    cu.    yds.    of   concrete 

olnouDta  to  ET  cts.  per  cu.  yd. 

It  will  be  noted  that  2   mixers  were  kept  busy.     Their  overoKe 

output  was  100  cu.  yds.  each  per  day,  which  Is  the  aame  as  for  the 

mixers  on  Sec.  14. 
The  total  cost  of  concrete  on  Sec  IE  waa  as  follows; 

Labor  quarrylne.  crushlne  and  inlilnE ID.SSI 

Eiploslvea 0.08J 

mica  cement,  at  $0.10  per  bbl O.saO 

Portland  cement,  at  tl.ih  per  bbl 0.180 

Sand,  at  tl.SG  per  cu.  yd. 0.476 

Total     .'12.800 

First  cost  of  plant |0.E87 

It   Is  not   strictly   correct   to   charge   the   full   first   cost  of   the 
plant  to  Ihe  work  as  It  possessed  considerable  salvage  value  at  tho 


General   force $O.OTg 

Wall    force 0.108 

HixInE   force 0.121 

TimberlnE   force 0.160 

Maullnic  force 0.142 

Crushing  force 0.072 


S 


Cement.  Portland 0.205  0,180 

Band    0.46S  0.4T1 

Plant   {full  cost) 0.407  0.GS7 

Total   |a.01B         18.226 

It  «hould  be  remembered  that  on  Sec,  14  there  was  no  drtUIuc 
and  blastln<(  ot  the  rock,  but  that  the  "quarry  force"  not  onlr 
loaded  but  hauled  the  stone  to  the  crusher.  The  cost  of  mhdoK 
on  Bee.  IE  Is  hlKher  than  on  Bee.  14  because  the  msteiiBls  war* 
dumped  on  platforms  and  shoveled  Into  the  mixer,  instead  of  bslnv 
discharged  from  bins  Into  the  mixer  as  on  Sac.  14. 

Cost  Of  a  Ratslning  Waii.— For  building  a  retaining  wmll  T  ft. 
high,  forms  were  made  nnd  placed  by  a  carpenter  and  belpor  at  ti 
per  H..  wages  being  8G  cti.  and  20  pta  an  hour,  respectlvoly.  Con- 
crete tnatertals  were  dumped  from  wagons  alongside  the  mlxlitg 
board.     Ramming  wax  unusually  thorough,     Foremaa  expense  waa 


by  Che  Eans- 
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3  miall  nninber  tn  gansi  1  m.  yds.  were  laid  per  hour 


110^' 


T  mli«ra,   le  cl«.  per  hr 110,60  I0.B3 

I  raramor*.  IB  cti.  per  lir 3.00  0.1& 

1  foremaii,  30  cts.  per  hr.,  and  1  water 

boy,   S  ctB. S.EO  M7 

Total    tabor t  IT.BO  f 0.85 

e  total  eoBt  was  as  follows  per  cubic  yard: 

O.g  bbls.  Portland  cement  at  IZ }1.S0 


I^tMr  mixing  and  placing 6.85 

Lumber  for  forms,  at  tlE  per  M. O.ES 

Labor  on  forms,  at  f  B  per  M 0.28 

Total,  per  cu.  yd. S«.2> 

The  sheathing  plank  for  the  forms  was  i-ln.  hemlock. 
C«*t  Of  Retaining  Walla,  Reterenca.— DUterent  methods  of  building 
walls,  designs  of  forma,  plant,  etc..  together  with  costs  are  given 
In  "Concrete  Construction,"   by  Gillette  and  HllL 

Cost  of  FtltInD  PI"-  Cylinders  With  Concrete.— In  this  case  the 
sravel  and  sand  forming  the  concrete  were  wheeled  In  barrows  a 
diatance  of  100  ft,  to  the  mixing-board  at  the  toot  of  steel  pier 
cylinders.  Into  which  concrete  was  dumped  after  raising  It  20  ft.  In 
wooden  skips.  Two  cu.  yds.  concrete  laid  per  hour  by  the  gane- 
Per  day.  Per  cu.  yd. 
t  men  wheelInK  materials  and  mixing, 

15  cti  per  hr t  9.00  (0.45 

!    men    dumping    skips   and    ramming. 

IS  cts.  per  hr 3.00  O.IB 

1  team  and  driver,  at  40  ctB.  per  hr....      4.00  0.20 

1  foreman,  at  30  eta  per  hr 3,00  0,15 

Total    IIB.OO  »O.SB 

Had  the  Job  been  larger,  more  men  would  have  t>een  employed  to 
reduce  the  fixed  expense  of  team  time,  for  a  team  can  readily  raise 
10  cu.  yda  an  hour,  using  a  mast,  or  glnpole,  with  block  and  tackle. 
Tbe  foreman  worked  on  the  mlilnK-board  himself.  The  concrete 
irttS  perfectly  mixed.     The  men  worked  with  great  energy, 

Ce«t  of  Concrete  Harboi*  Pier,  Superior  Entry,  wis. — For  cuts 
ehowbig  cross-section  of  this  pier,  the  forms  used  in  Its  construc- 
tion, and  bucket  used  In  depositing  concrete  under  water,  see  Gillette 
and  Hill's  "Concrete  Construction." 

The  pier  Is  1,033  ft.  long  at  Superior  E^ntry,  Wis.  The  work  was 
done  by  day  labor  for  the  Oovemment,  under  the  direction  of  Hr. 
Clarence  Coleman,  U.  S.  Assistant  Engineer. 

About  80%  of  the  concreta  was  deposited  in  molds  under  water, 
according  to  a  plan  devised  in  ISOE  by  HaJ,  D.  D.  GalUard,  Corps 
of  Engineers.  The  molds  consisted  of  bottomless  boxes,  built  in  tour 
places,  two  sides  and  two  end  pieces,  held  together  by  lU-In.  tum- 
bncUe  tl»-roda     Cast-iron  weights  were  attached  to  the  molds  to 
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ovsrcome  the  buoyancy  ol  the  timber.  Tbe  concrete  was  built  in 
place.  In  two  tlera  of  blocks,  the  lower  tlet  resting  directly  On  pUea 
and  entirely  under  water.  The  upper  tier  of  blocks  was  almost 
entirely  above  water.  A  pile  tresile  was  built  on  each  aide  at  the 
Iiroposed  pier,  and  a  traveler  tor  raising  and  lowering  the  molda, 
spanned  the  gap  between  tlie  two  trestles.  After  the  mold  for  a, 
block  ol  concrete  had  been  placed  on  the  bottom,  it  was  filled  with 
t-oncrete  lowered  In  a  bucket  with  a  drop  bottom.  Twelve  o(  these 
buckets  were  used,  and  were  hauled  from  the  mixer  on  cars  to  a 
locomotive  crane,  which  lifted  each  bucket  from  the  car  and  lowered 
It  to  place.  The  locomotive  crane  was  elevated  on  a  gantry  traOM 
BO  that  a.  train  of  cars  on  the  same  trestle  could  pass  direclty  under 
it  without  interference.  This  enabled  two  of  these  locomotive 
cranes  to  work  on  the  same  trestle. 

Kach  concrete  bucket  was  provided  with  two  12-oi.  canvas  cur- 
tains or  covers  each  3X1  ft..  quIICeJ  with  110  pieces  of 
1/lS  XIX  3-in.  sheet-lead.  The  curulns  were  fastened,  one  to 
each  side  of  the  top  of  the  bucket,  and  were  folded  over  the  concrete 
so  as  to  cover  It  completely  and  protect  It  from  wash  while  being 
lowered  through  the  water.  Occaalonally,  when  an  opportunity 
occurred  to  allow  the  top  of  the  concrete  In  a  bucket  to  be  examined 
after  being  lowered  and  raised  through  S3  ft.  of  water,  the  concrete 
WBM  Invariably  found  In  good  condition.  Discoloration  of  the  water 
from  cement  was  seldom  noticed  during  the  descent  of  the  bucket. 
The  concrete  for  this  subaqueous  work  was  mixed  quite  wet- 

The  pebbles  for  the  concrete  were  delivered  by  contract,  and 
were  unloaded  Trom  the  scows  by  means  of  a  clam-shell  bucket  Into 
a  hopper.  This  hopper  fed  the  pebbles  on  to  an  endless  conveyor 
which  delivered  Diem  to  a  rotary  screen.  Inside  this  screen  water 
was  discharged  under  a  pressure  from  a  4'ln.  pipe,  to  wash  the 
pebbles.  From  the  screen  the  pebbles  passed  through  a  chute  Into 
(-yd.  cars,  which  were  hauled  up  an  incline  to  a  height  of  K  fL 
by  means  of  a  holetinK  engine.  The  cars  were  dumped  auto- 
matically, forming  a  stock  pile.  Under  the  slock  pile  was  a  double 
gallery  or  tunnel,  provided  with  eight  chutes  through  the  roof ; 
and  from  these  chutes  the  cars  were  loaded  and  hauled  by  a  hoist- 
ing engine  up  an  Inclined  tr<'Stle  to  the  bins  above  the  concrete 
mixer.     A  system  of  electric  bell  signals  was  used  in  handling  these 

The  sand  was  handled  from  the  stock  pile  In  the  same  manner. 
The  cement  was  loaded  In  bags  on  a  car  at  the  warehouse,  hauled 
to  the  mixer  and  elevated  by  a  sprocket-chain  elevator. 

Chuloa  from  the  bins  delivered  the  materials  Into  the  concrete 
mixer  which  was  of  the  modlned  cubical  type  revolving  on  trunnion* 
about  an  axial  line  through  diagonal  corners  of  the  cut>e  (made  by 
the  Municipal  Engineering  and  Contracting  Co..  Chicago.  111.).  It 
was  driven  by  a  T  X  10-In.  vertical  single  engine  with  beRer,  The 
mixer  demonstrated  Its  ability  to  turn  out  a  batch  of  perfectly 
mixed  concrete  every  I^  mina  It  discharged  into  a  hopper,  pro- 
vided  with    a   cut-ofT   chute,    which   discharged   Into   the   concrete 
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bnekMi  on  the  care.  P^tmr  buckets  of  concrete  were  hauled  In  a 
train  by  a  locomotive  to  their  deMlnaCIOD.  There  were  two  locomo- 
tives and  2i  cara. 

In  the  operMlon  of  this  plant  GS  men  were  employed,  41  trains 
ensaged  on  actual  concrete  woric  and  12  tnilldlnK  molda  and  ap- 
pUanees  for  future  work.  The  work  was  done  by  day  labor  lor  the 
Ooremment  and  the  coat  of  operation  was  as  follows  for  one 
typical  week  when,  Id  t  day*  of  S  hours  each,  the  output  was  1,383 
cu.  yds.,  or  an  averase  of  tlO  cu.  yds.  per  day.  The  output  on  one 
day  was  considerably  below  the  averase  on  account  of  an  accident 
to  plant  but  this  nuiy  be  conslderad  as  typical 

Pebbles  from  stock  pile  to  mixer.  per  cu.  yd. 

1  laborers,  at  (3 30.0348 

]   englneinan,   at    |3 0.0131 

Coal,  oil  and  waste,   at  3103 0.0043 

Sand  from  stock  pile  to  mixer. 

B  laborer*,  at  |2 0.0414 

I  englneman.  at  J2.B0 O.OIOO 

Coal,  oil  and  waste,  at  fO.82 O.DOSE 

Cement  from  warehouse  10  mixer. 

E  laborers,  at  t! 0.0434 

■  Mixing  concrete. 

1  entrtneman.  at  J2.50 O.OlOt 

1  mechanli^  at  ts.eo O.OlOS 

Coal,  all  and  waste,  at  31.29 O.OO&t 

Transporting  concret*. 

4  laborers,  at  12 0.0348 

1  englneman.  at  33 0.0130 

Coal,  oil  and  waste,  at  30.6S 0.0028 

Depotdtlng  concrete  In  molds. 

4  laborers,  at  12 0.0348 

1  enslneman,  at    |3 0.0130 

I  rigger,  at  13 O.OISO 

Coal,  oil  and  waste,  at  31.18 D.OOit 

Assembling,  transporting,  setting  and  remov- 
ing moloa. 

4  laborers,  at  12 O.0S4T 

1  raiglneman,  at  33.25 0.0141 

1  carpenter,    at    33 0.0130 

1  mechanic,  at  32.30 O.O1O9 

Coal,  oil  and  waste,  al  tl.3> O.OOSO 

Care  of  tracks. 

1  lBbor«r.  at  32 0.0036 

1  mechanic,   at  12.50 0.0109 

'Supplying  coal. 

3  laborer^  at  32 0.0230 

Blacksmith  work. 

1  laborer,  at  12 0.0086 

1 'blacksmith,  at  33.25 0.0141 

Water  boy,  at  tOTE 0,0083 

Total  per  cu.  yd. 30.1473 

Add  1S%  of  the  cost  of  administration 0.1388 

Total  latior  per  cu.  yJ tO.GStl 
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The  total  cost  of  each  cubic  yard  of  concrete  Id  place  \3 
lo  be  as  [ollows : 


.!'■ 


Ten-eleventh ■  cu.  yd.  pebble*,  at  tl'OSS |0.»S6t 

Ten-twenty-eecondB  cu.  yd.  land,  at  (0.00 0.4000 

1.24  bbla.  cement,  at  (I'^T £.2302 

Labor,  as  above  given 0.5801 

Cost  of  plant  distributed  over  total  averiige D.H100 

Total  yardata    tl.SlZT 

II  will  be  noticed  that  the  sand  cost  nothing,  aa  It  was  d 
(rom  the  trench  In  which  the  pier  was  built,  and  paid  (or  oa 
dredging.  The  coat  of  the  plant  was  distributed  over  th«  South 
rier  work  and  over  the  proposed  North  Pier  work,  on  the  basis 
of  only  20%  Bulvuge  value  after  the  completion  of  both  piers  It  fa 
said,  however,  that  S0%  Is  too  high  an  allowance  for  the  prottable 
depreciation. 

The  coat  of  the  treaties  was  Included  In   the  cost  of  the  plant. 
The  Washington  fir  used  In  the  trestles  cost  ttS  per  U.  delivered  In 
the  yard.     The  cost  of  framing  and  placing  the  Umberwork   (exclu- 
alve  of  the  piles)  waa  $3.ZE  per  H. 
The  cost  of  the  plant  was  as  follows: 

Machinery    fSO.OGtlS 

Piles  and  pile  driving 13,9SS.oa 

Lumber  tor  trestles  and  molds 12,091.SI 

Iron  and  castings 7,BTS.(8 

l^abor  on  plant liJtOAi 

Total    tT9,44t.OO 

The  Item  of  "labor  on  plant"  Includes  all  work  In  building  trestlea, 
laying  traclc,  building  molds,  mold  traveler  and  all  appurtenances  for 
performing  the  work.  The  cost  ot  plant  per  cu.  yd.  of  concrete  was 
estimated  thus: 

First    cost 170.446 

10%  depreciation  during  use  on  South  Pier IG.ISB 

Batlmated  Increase  In  slse  of  plant  (or  use  on 
North   Pier 8,»7J 

Total  for  both  piers (99.307 

Salvage  value  of  plant  20% lB,tfll 

Net    (79,440 

(79,440 -^  94,000  cU.  yds.  =  (0.84  per  cu.  yd. 

The  proportions  of  the  subaqueous  concrete  were  1  ;S.B  :G  by 
volume,  or  1 :2.T3  :G.TS  by  weight,  cement  being  assumed  to  weigh 
100  lbs.  per  cu.  ft.  The  proportions  of  the  superaqueoua  concrete 
were  1:3.13  :S.!5  by  volume,  or  1:3.41  :T.IZ  by  weight  The  dry 
sand  weighed  109.S  lbs.  per  cu.  ft.,  the  voids  being  35,1%.  nie  pel>- 
bles  weighed  115.G  lbs  per  cu.  ft.,  the  voids  being  31%. 

As  above  stated,  the  molds  were  bottomless  boxes  built  In  (our 
pieces,  two  sides  and  two  ends,  held  together  fay  tie-rod&  Hm 
lU-ln.  turabuckle  tie-rods  passed  through  the  ends  of  iMaint  lliftt 
t>ore  against  the  outside  of  the  moU.  These  tie-rods  tiad  er«*  ftt 
each  end,  In  which  rods  with  wedge  rtiaped  ends  were  ineerted. 
The  mold  was  erected  on  the  trestle  by  the  locomotive  crane,  and 
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*at  tbeii  lifted  by  the  mold  traveler,  carried  sind  lowered  to  plnce. 
The  largen  one  of  these  molds,  with  Its  cust-lron  ballast,  weighed 
40  tons.  When  It  was  desired  to  remove  a  mold,  after  the  concrete 
black  had  hardened,  the  nuts  on  the  wedge-ended  rods  were  turned, 
Uiug  pulllag  the  wedge  end  from  Che  eye  of  the  tie-rod.  and  releasing 
the  Bides  of  the  mold  from  the  ends.  The  locomotive  crane  then 
riilflQd  the  stdefl  and  endn  separately  and  assembled  (hem  ready  to  be 
lowered  again  for  the  next  block.  The  time  required  to  remove  one 
of  tbeae  40-ton  molds,  reassemble  and  set  It  again  rarely  exceeded 
fS  mlna,  and  had  been  accomplished  In  IB  mlNs. 

As  Blreadr  stated,  the  concrete  was  built  In  alternate  blocks ; 
then  the  Intennedbite  blocks  wefe  built,  the  ends  of  the  concrete 
Wocka  Jnst  bulW  Hervlne  as  end  molds  for  the  new  blocks.  The  two 
iJdes  of  the  mold  {without  the  end  pieces)  were  assembled  by  the 
aid  of  templates,  and  were  bolted  together  by  tle-roda  To  hold 
U»  sides  apart  when  the  templates  were  removed,  it  was  necessary 
(0  mmiund  each  of  the  six  tie-rods  with  a  box  of  1-In.  plank.  These 
iMiies  measured  4  Ina  square  on  the  Inside ;  and  were  left  burled 
in  the  concrete.  Their  purpose  was  to  act  as  horizontal  struts  to 
hold  the  sides  of  the  mold  apart,  and  to  i>ermlt  removal  of  the  tie- 
rods  after  the  concrete  block  had  been  built.  The  removal  of  these 
rods  was  accomplished  by  wllhdrawing  the  wedge-ended  roda 

The  mold  traveler  dewrvee  a  brief  description.  It  was  provided 
with  a  four-drum  engine,  and  the  drums  were  actuated  by  a  Worm 
gear  which  was  positive  In  Its  movement  In  lowering  as  well  as  In 
raising.  The  drums  act  independently  or  together,  aa  desired. 
Ite  hoisting  speed  was  e  ft.  per  niln..  and  the  traveling  speed.  100 
ft  par  min.  The  load  was  suspended  on  four  hooks,  depending  by 
double  Mocks  and  K-ln.  wire  ropes  from  four  trolleys  suspended 
fmn  the  truss:  which  allowed  lateral  adjustment  of  the  mold.  The 
difficulty  of  using  so  broad  a  gage  as  31  ft.  on  a  curve  having  a 
mdlus  of  ESS  ft.,  was  overcome  by  using  a  differential  gear  tn  the 
driving  riiaft  of  the  propelling  gear,  thus  compensating  for  the 
greater  distance  traveled  by  the  wheels  on  the  outer  rail.  The  whole 
■sachlne  was  carried  on  six  trucks  having  two  double-flanged  wheels 
each.  The  four  forward  trucks  were  swlveled  on  steel  bed  places 
With  3-In.  king  bolts.  The  two  rear  trucks  were  fixed  to  the  chord 
and  had  Idler  wheals,  which  slid  on  their  axles  so  as  to  acconmiodate 
themselves  to  tb«  curve. 

Rubble  Concrst«  Dsts.— By  some  engineers  It  Is  believed  that 
rabble  concrete,  particularly  for  dam  construction,  Is  a.  very  new 
form  of  maiicinry.  In  Trana  Am.  Boc  C.  B.,  1876,  Mr.  J.  J.  R  Cross 
describes  work  on  the  Boyd's  Comer  Dam  on  the  Croton  River,  near 
^lew  lork.  ThlB  work  was  begun  In  1B67,  and  for  a  time  rubble 
concrete  woe  need,  but  was  nnsUy  discontinued,  due  to  the  Impres- 
ilon  that  It  ml^t  not  be  water-tight.  In  those  days  "sloppy"  con- 
crete would  not  have  been  allowed,  which  probably  accounts  for  the 
difficulty  of  geUlng  a  water-tight  rubble  concrete.  The  specifications 
called  for  a  dry  ooncrete  that  had  to  be  thoroughly  rammed  In  be- 
tween the  nibble  stonea:  and.  to  give  room  tor  this  ramming,  the 
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contractor  waa  not  permitted  ta  lay  any  two  stones  cloaer  tocetber 
than  12  Ins.  As  a  result  not  more  than  33%  of  th«  maaoary  waa 
rubbl«  BtoneB,  the  rest  being  the  concrete  t>etwe«n  the  nonea.  llr. 
Croea  itates  that  most  of  the  blilders  erred  In  jjBaumlng;  that  6t'^ 
to  TE%  of  the  masonry  would  be  rubble  stones. 

The  form  of  the  rubble  stones  as  they  conie  from  the  quarry 
should  be  conaldered.  Stones  that  have  flat  beds,  like  many  nnd- 
atones  and  limestones,  fun  be  laid  upon  layers  ot  "dry"  concrMe; 
and  can  have  their  vertical  Joints  readily  nued  with  concrete  rammed 
Into  place.  But  granites  and  other  stones  that  break  out  IrreKuUrly, 
can  not  be  well  bedded  In  concrete  unless  it  Is  made  so  aoft  as 
to  be  "sloppy."  In  thin  retaining  walls,  small.  Irregular  stonea  may 
be  forced  Into  concrete  by  Jumping  upon  them,  men  wearing  rubber 

When  stones  come  out  flat  bedded.  If  It  Is  desired  to  economise 
cement,  make  the  bed  Joints  ot  ordinary  mortar  (not  concrete)  and 
flu  the  vertical  Joints  with  concrete. 

Generally  It  Is  an  absurd  practice  to  break  up  large  blocks  ot 
alone  In  a  crusher  for  the  purpose  of  making  the  whole  of  a  heavy 
wall  of  concrete,  since  rubble  concrete  requires  not  only  less  cement 
but  effects  a  saving  In  crushing.  There  are  exceptions,  however. 
For  example,  the  anchoragea  of  the  Manhattan  Bridge  in  New  Yoi^ 
City  were  apecifled  to  be  of  rubble  concrete,  doubtiesa  because  the 
designer  believed  this  sort  of  masonry  to  be  cheaper  than  concrMe; 
In  this  case  ai^  economic  mistake  was  made,  for  ail  the  rubble 
stone  must  tie  quarried  up  the  Hudson  River,  loBded  into  acows, 
unloaded  onto  cars,  and  Anally  unloaded  and  delivered  by  derricks. 
This  repeated  handling  of  large,  Irregular  rubble  stones  Is  bd 
eipenslve  that  It  more  than  offsets  the  cost  of  crushing,  as  welt  as 
the  extra  coat  ot  cement  In  pialn  concrete.  Crushed  stone  can 
lie  unloaded  from  boats  by  means  of  clam-shdl  buckets  at  a  low 
coat  (see  data  in  the  section  on  Rock  Blxcavatian).  It  can  be  trans- 
ported on  a  belt  conveyor,  elevated  In  a  bucket  conveyor,  mixed  with 
■and  and  cement  and  delivered  to  the  work,  alt  with  very  little 
manual  labor  where  the  Installation  ot  a  very  siBcient  plant  Is 
Juatlfled  by  the  magnitude  ot  the  Job.  Large  rubble  stonest  on  the 
other  hand,  can  not  l>e  handled  so  cheaply  nor  with  as  great 
rapidity  as  crushed  stone,  Kach  particular  piece  of  work,  therefore, 
must  be  treated  as  a  separate  problem  In  engineering  economics: 
for  no  unquallfled  general liatlon  as  to  the  relative  cheapness  ot  this 
or  that  hind  ot  masonry  Is  to  be  rcllrd  upon. 

In  the  construction  of  a  dry  dock  at  the  Charleston  Navy  Tud. 
rubble  concrete  waa  used.  The  rubble  stonea  averaged  about  H  cu. 
yd.  each,  and  were  spaced  about  IH  Ina  apart  About  GT%  of  the 
masonry  was  1 :2  :G  concrete,  leaving  33%  ot  rubble  stones. 

The  apier  Tan*  Dam  on  the  upper  Hudson  River  Is  of  cyclopean 
maaonrr.  the  rubble  stonea  being  very  large  pieces  of  granite, 
which  are  bedded  In  1:2^:6  concrete.  At  the  linw  of  my  visit 
to  the  dam.  it  was  estimated  that  about  IS%  of  the  n 
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concrete,  I  have  recently  been  Informed  by  Hr.  C  B.  Parians,  the 
chlel  engineer,  that  about  1  bbL  o(  cement  was  used  In  each  cubic 
y»nl  o[  masonry.  Thla  high  percentage  of  cement  may  be  accounted 
lor  b;  tba  fact  that  there  was  a,  good  deal  ol  plain  rubble  laid  la 
1 : 1  cement  mortar,  no  accurate  record  o(  which  wa«  kept.  At  the 
Ume  o(  my  vlrit,  three  RanBome  roixer»  were  being  uBed,  two  lor  con- 
crete and  one  for  mortar.  Each  concrete  mixer  averaged  209  balchen 
In  10  hrs.,  of  S3  cu.  ft  of  concrete  per  batch.  I  am  Inclined  to  thbdc 
from  Inapection  of  the  mawinry  during  the  time  it  wa»  being  laid, 
Uiat  about  40%  of  the  dam  was  rubble  atones  and  the  remaining 
1(1%  .Kis  concrete  and  mortar.  The  stonee  and  concrete  were 
■teUvered  by  cablewaya  to  Btia-tefc  derricks,  which  deposited  the 
material  In  the  dam.  There  were  two  laborers  to  each  mason  em- 
ployed  In  placing  the  materials,  wages  being  IB  eta.  and  35  cts.  per 
hr.  reqiectlvelr.  The  labor  coat  of  placing  the  materials  was  10  cts. 
Cercu.  yd,  of  masonry.  Mr.  ParsonH  states  that  the  155,000  cu.  yds. 
at  cs^lopean  masonry  actually  cost  15.71  pei:  cu.  yd.,  exclusive  of 
the  plant  depreciation,  and  that  calling  the  plant  depreciation  40% 
of  lis  flrst  cost.  It  would  add  10%  to  the  cost  of  the  masonry,  or 
ST  cts.  per  cu.  yd.,  making  a  total  of  IS.£g  per  cu.  yd.  This  does  not 
Indude  the  cofferdam. 

For  a  rubble  concrete  dam  across  the  Chattahoochee.  IT  miles 
north  o(  Atlanta,  Ga..  the  atone  was  a  local  gneiss  that  came  out  of 
the  quarry  In  large  alaba  with  parallel  beds,  some  atones  containing 
4  cu.  yda  each.  About  40%  of  the  dam  was  of  this  rubble  and  60% 
or  concrete  between  the  rubble  atones.  The  concrete  was  a  1 :  2H  ;  G 
tnfxture. 

The  breakwater  at  Marquette,  Mich.,  wa«  built  Of  rubble  concrete, 
the  rubble  stones  amounting  to  27%  of  the  volume  of  the  breakwater 
masonry. 

The  Hemet  Dam,  Califomia,  la  built  of  granite  rubble  concrete, 
tbe  concrete  belnK  a  1:3:5  mixture.  The  face  stones  of  the  dam 
were  laid  In  mortar.  There  were  31.100  cu.  yda  of  masonry,  which 
required  20.000  bbls.  of  cement,  or  0,fl4  bbl.  per  cu.  yd.  The  cement 
wss  hauled  23  miles  over  roads  having  grades  of  18%  in  places,  the 
lotal  ascent  being  3,150  ft.  The  cost  of  hauling  was  tl  to  fl.50 
per  bbL  The  sand  was  conveyed  400  ft.  from  the  river  to  the  dam 
by  an  endless  double-rope  carrier  provided  with  V-shaped  buckets 
4>aced  20  ft.  apart,  the  rise  of  the  conveyor  being  126  ft.  In  the 
400  ft.    This  was  a  simple  and  Inexpensive  conveyor. 

The  Boonton  Dam,  Boonton,  N.  J„  Is  Of  cyclopean  masonry,  that  Is. 
of  large  rubble  stonea  bedded  in  concrete.  The  concrete  was  made 
so  wet  that  when  the  stones  were  dropped  Into  It  the  concrete  flowed 
Into  every  crevice.  The  granite  rubble  stones  measured  from  1  to  2^ 
ctl.  yds.  each.  The  materials  were  all  delivered  on  cars,  from  which 
tbey  were  delivered  to  the  dam  by  derricks  provided  with  bull- 
wbeela  On  the  dam  were  4  laborers  and  1  mason  to  each  derrick, 
and  this  gang  dumped  concrete  and  Joggled  the  rubble  atones  Into  it, 
A  derrick  has  laid  as  much  as  125  cu.  yda  of  masonry  In  10  hrs. 
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with  3E  derricks,  20  of  which  were  .ayloK  maBonry  and  IS  dtb«r 
passing  nuiteriHla  to  the  otiier  derrlckB,  or  being  moved,  as  much  aa 
11,000  cu.  yda  of  moaonry  were  laid  In  one  month.  The  amount  of 
cement  par  cubic  yard  of  masonry  was  0.68  bbl..  the  cydopean  atone 
occupying  4i  to  50%  of  the  volume  of  the  dam. 

Cost  of  the  Boonton  Dam,  Cyclopean  Miionry.— In  Che  precedlnc 
paragraph  the  character  of  thia  masonry  Is  given.  Mr.  B.  L.  Harrl- 
Bon  Informs  me  chat  the  rook  wbb  syenltlc  granite,  "not  quite  ao 
hard  to  quarry  as  trap  rock."  About  &0%  waa  concrete,  mixed  1 :  9, 
and  0.68  bbl,  cement  was  required  per  cu.  yd.  of  the  moaonry,  a,t 
tl.50  per  bbl.  Wages  of  comnion  laborers  were  tl.EE  pu-  lO-hr. 
day,  and  the  cost  to  the  contractor  would  have  keen  H  per  cu.  yd. 
had  he  (urnlehed  the  cement. 

Ur.  J.  Waldo  Smith  has  stated  that  46%  of  the  dam  was  cydopean 
Btoue  and  that  the  cost  to  the  contractor  was  t3,22  per  cu.  yd.  ex- 
clusive ot  cement.'    If  we  add   tl.OG   for  cement,   we  hare  t4.tS 

Some  English  Data  on  Rubble  Concrete.— The  following  U  an  ab- 
BCract  of  an  ixrtlcle  from  L«ndon  "Engineering" :  Railway  work, 
under  Hr.  John  Strain,  In  Scotland  and  Spain,  Involved  the  bulldlns 
of  abutmenia,  piers  and  arches  of  rubble  concrete.  The  concrete 
was  made  ot  1  part  cement  to  B  parts  of  ballast,  the  ballast  contist- 
Ing  of  broken  stone  or  slag  and  sand  mixed  in  proportions  detOrmLned 
by  experiment.  The  materials  were  mixed  by  tumlnK  with  shovela 
4  times  dry.  Chen  4  times  more  during  the  addition  of  water  througti 
a  rose  noizle.  A  bed  of  concrete  S  ina  thick  was  flrst  laid,  and  Oa 
this  a  layer  of  rubble  stones,  no  (wo  stones  being  nearer  together 
than  3  Ina,  nor  nearer  the  forms  than  3  Ina  The  stones  were 
rammed  and  probed  around  with  a  trowel  to  leave  no  spaces.  Over 
each  layer  of  rubble,  concrete  was  spread  to  a  depth  of  B  Ins.  Th« 
forms  or  molds  for  piers  for  a  viaduct  were  simply  large  open  boxes, 
the  four  sides  of  which  could  be  taken  apart.  The  depth  of  the  boxaa 
was  uniform,  and  they  were  numbered  from  the  top  down,  bo  that, 
knowing  the  height  of  a  given  pier,  the  proper  box  for  the  baae 
could  be  selected.  As  each  box  was  filled,  the  next  one  smallttr 
In  slie  was  swung  Into  place  with  a  derrick.  Tbe  following  bridga 
piers  for  the  Tharsls  *  Calanas  Ry.  were  built: 
Length         Height 

of  of  Cu.Yda  Weeka 

BHdge.         Piers.      No.  of         in  to 

Name.  Ft.  Ft  Span^     Piers.      BuUd. 

Tamujoso    River 436  !8  I«         1,737        1414 

Orague    423  31  It  1,S«0  It 

Cascabelero    480  tO  to  80  10         1,180         II 

No      16 294  28  to  50  7  1,048  ItK 

Tiesa 1S5  Hto23  8  4S0  4 

It  Ib  slated  that  the  construction  of  some  of  these  piers  In  ordi- 
nary masonry  would  have  taken  four  times  as  long.  The  ro^ 
available  for  rubble  did  not  yield  large  hlock^  conaequeotly  Uie 
percentage  of  pure  concrete  In  the  piers  was  large,  averaging  16%. 
In  one  case,  where  the  stones  were  smaller  than  usual,  the  percentan 
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ct  iMnonte  was  T<1i%-  In  other  work  tbe  percentage  has  been  as 
low  ai  5E%,  and  Id  ntll  other  work  where  a  rubble  lace  work  Was 
lued  the  percentage  ot  concrete  bae  been  40%. 

In  tlMaa  piers  the  average  quantities  of  materials  per  cubic  yard 
at  nibble  concrete  were : 

US  nn.    (D.17S  cu.  yd.)  conenL 

v.  II  cu.  yd.  nad. 

O.IS  cu.  yd.  hroken  stone  (measured  loose  In  piles). 

O.ID  cu.  yd.  rubble  (measured  solid). 

Several  railway  brldce  piers  and  abutments  In  Scotland  are  cited. 
In  one  of  these,  larxe  rubble  stones  oC  Irregular  else  and  welgblng 
1  Uma  eatdi  were  aet  Inside  tbe  fomiB,  3  Ina  away  from  the  plank 
sod  t  Ins.  from  one  another.  The  gang  to  each  derrick  was; 
1  derrittonan  and  1  boy,  1  mason  and  10  laborers,  and  about  one- 
quarter  of  the  time  of  1  carpenter  and  his  helper  raising  the  forms. 
For  bridges  of  400  cu.  yda,  the  proKress  was  IZ  to  IG  cu.  yds.  per 
day.    The  forms  were  left  In  place  10  daya 

To  chip  olT  a  few  Inches  from  the  face  of  a.  concrete  abutment  that 
Was  too  far  out,  required  the  work  of  1  quarryman  G  days  per  cu.  yd. 
a(  solid  concrete  chipped  off- 
Concrete  was  used  for  a  skew  arch  over  the  River  Dochart,  on  the 
KllUn  Ity,,  Scotland.  There  were  G  arches,  each  of  30  ft.  span  on 
tbe  square  or  42  ft  on  the  skew,  the  skew  being  4G'.  The  piers  were 
of  rubble  concrete.  The  concrete  In  the  arch  was  wheeled  300  ft,  on 
a  trestle,  and  dumped  'onto  the  centera  It  was  rammed  In  S-ln. 
layen^  which  were  laid  corresponding  to  the  coursee  of  arch  stones. 
As  the  layers  approached  the  crown  of  the  arch,  some  dtlDculty  was 
oiperlenced  In  keeping  the  surfaces  perpendicular.  Eiach  arch  was 
completed  In  ■.  day. 

In  a  paper  by  John  W.  Steven,  In  Proc.  Inst,  C.  B.,  the  following 

Bubble  Per  Cent 

Concrete    Concrete  ot  Bubble 

per  per  In  Rubble 

CU-  yd.  cu.  yd.  Concrete. 


Cost  of  >  Rubble  Concrete  Abutment. — Hr.  Emmet  Steece  gives 
the  cost  of  278  cu.  yda   rubble  concrete  In  a  bridge  a 
I,  la.,  as  follows: 


0.81  bbl.  Saylor's  Portland  at  12.60 $2.1' 

0.Z2  cu.  yd.  sand,  at  *' 
O.Gi  cu.  yd.  broken  i 
u  yd.  rubble  al 


u  yd.  broken  stone,  at  tO.»4.. 
...   „.Kk..  — 1  |0.83.. 


Water 

Labor  (15  eta  per  hr.).. 
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The  concrete  was  1 :  Z  U  :  4 1^,  laid  In  4-ln,  layer%  on  which  were 
luld  large  rubble  stones  spaced  about  I  Ina.  ajtart.  Concrete  wai 
rammed  Into  the  spaces  between  the  rubble,  which  was  then  covered 
with  another  i-In.  layer  of  concrete,  and  ao  on.  A  farce  of  IB  men 
and  a.  foreman  averaged  nearly  40  cu.  yds.  of  rubble  concrete  per 
day.  The  cost  of  lumber  tor  the  tormB  Is  not  Included.  The  abut- 
ment was  3  ft.  wide  at  top.  9  fL  at  the  base  and  30  It.  high. 

Cost  of  a  Rubble  Concrete  Dam  in  the  Central  States,*— This 
article  describes  the  earthwork  and  concrete  construction  Incident  la 
a  hydro-electric  development  In  the  middle  West.  Although  neither 
the  name  of  the  contractor  nor  the  locality  at  the  work  can  be  given, 
it  will  serve  all  statlBtlrat  purposes  lo  slate  that  the  work  was 
located  within  200  miles  of  Chicago  in  a  small  country  town,  whose 
population  was  made  up  aimOBt  entirely  of  those  employed  on  the 
construction,  but  one  whose  railroad  facilities  Were  all  that  could 
be  desired.  Tbe  river  is  one  of  the  upper  tributaries  of  the  Hls- 
Bisslppl.  draining  over  1.200  square  mltee  of  deneely  wooded  foreet 
land,  flowing  through  a  aeries  of  broad  marshes  and  swift  rapids, 
deep  cut  in  the  narrow  valleys,  until  It  empties  into  the  mother 
BtToam.  At  the  chosen  site  there  Is  an  average  depth  of  B  fL  and 
How  of  600  cu.  ft.  per  second,  which  will  impound  a  reservoir  With 
an  area  of  650  acres  and  a  maximum  depth  of  60  ft,  10  ft  of  Which 
is  available,  as  the  river  here  narrows  down  from  a  wide  ntarsli 
plain  to  a  deep  rocky  channel,  making  an  ideal  spot  for  watei 
storage. 

The  dam  Is  a  structure  of  cyclope«n  masonry,  having  a  spillway  of 
490  ft.  Hanked  on  each  side  by  abutments  of  the  some  material  and 
earth  dikes  extending  l.SOO  and  2,800  fL  from  each  end.  The  dam 
itself  has  a  maximum  height  of  49  fL  and  a  width  of  base  of  IS  tL, 
its  section  being  of  o  standard  "ogee"  type.  The  earth  dikes  have 
iin  extreme  height  of  31  ft.,  side  slopes  ot  2  to  1,  1-fL  tMrma  and 
are  made  Impervious  by  concrete  core  walls  founded  on  t>edrod[- 
These  have  a  thickness  of  2  ft.  at  the  top  and  a  baiter  of  12  on  I  on 
each  side. 

Tbe  preliminary  construction  work,  consisting  of  the  erection  of 
a  camp  for  the  working  force  of  400  men  und  the  clearing  of  (be 
dam  Bite,  was  commenced  April  10,  but  it  was  not  until  the  folioir- 
ing  June  that  the  organlEatlnn  was  complete  and  the  worti  well  under 
way,  the  first  concrete  being  laid  July  9.  The  actual  work  of  bor- 
nesBlng  the  river  was  accomplished  by  building  above  the  dam  loca- 
tion a  limber  rock-filled  cofferdam,  600x150  ft.,  with  a  maximum 
height  of  16  ft.,  the  natural  bank  forming  one  side,  thereby  divert- 
ing the  water  Into  the  east  half  Of  the  river  channel  and  allowing 
the  excavation  to  be  carried  in  the  dry  to  bedrock. 

Concrete  mixing  plants  were  erected  on  each  side  of  the  river,  con- 
taining three  No.  1  Ransome  mixers.  An  excellent  granite  quarry 
was  opened  up  on  the  east  side  of  the  river,  where  a  crushing  plant 
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o[  considerable  oapaclly  was  er«cleJ.  Che  broken  stor.e  being  carried 
rmn  there  to  the  bins  o(  tbe  mlxinB  plants  by  constnicLlon  trains 
or  WeAern  dump  cArB.  Band  and  gravel  trere  obtained  from  a 
nearby  borrow  pit  with  tlrag:  acrapers,  screeaed  and  brDiighC  to  the 
blni  Jn  dump-car  tratna  Cement  wbb  kept  in  an  adjacent  atore- 
bouw  and  wheeled  by  hand  to  chutes  Immediately  above  the  mlxsra 

Tbe  mixture  wai  In  l  cu.  yd.  batches  In  the  proiwrtlonB  of 
l:3M:e,  utfng  Atlaa  Portland  cement.  About  150  cu.  yda  la  the 
sveraxe  dally  output  of  each  mixer.  The  concrete  was  delivered  In 
I  cu.  yd.  tipping  buclcetB  and  placed  in  the  forma  by  means  of  puah 
tan  and  G-ton,  SO-ft.  tioom,  guyed  derricks,  operated  by  Lldger- 
wood  and  American  double-drum  englnea  which  were  the  limiting 
tacton  in  the  dally  progresa  Plum  atones  up  to  1  cu.  yd.  In  vol- 
ume were  beddjed  In  the  concrete  and  formed  about  ZE%  of  Its  masa 
Lifts  of  3  to  8  ft.  a  day  were  secured,  care  being  talcen  In  nillng 
tbe  forma  to  complete  a  horisontal  course  over  the  whole  surface, 
fiocceoive  fllis  were  bonded  together  by  the  use  of  large  stones  im- 
bedded so  as  to  project  half  way  above  the  surface  of  the  lower 
nxirae  and  lodt  with  the  subsequent  layer. 

Tlie  farmB  were  built  of  2-ln.  dresaed  pine  planks,  braced  with 
IxG-ln.  aluddlng,  spaced  S  ft.  apart  on  centers  iind  stiffened  With 
i  X  g-ln.  horlxontal  waling  pieces  attached  every  4  ft.  The  forms 
■  ere  anchored  with  heavy  Iron  wire,  or  K-ln.  band  Iron,  and  were 
not  InlereiianKeable.  being  knocked  down  as  each  section  was 
(tripped,  and  rebuilt  for  the  nexL 

The  dam  was  constructed  In  alternate  sections.  40  fL  long,  bonds  1 
together  with  vertical  keys;  3  tt.  apart  In  the  clear  and  terminating 
i  (t  below  the  upper  aurlace.  Upon  reaching  the  center,  the  enJ 
cofferdams  were  removed  and  rebuilt  across  the  east  cimnnel,  send- 
ing tbe  water  through  Ave  10  x  ID-tt.  sluiceways  left  temporarily  In 
(he  structure.  The  excavation  was  then  pushed  forward  In  the  east 
channel,  and  on  Dec,  3  the  last  bucket  of  concrete  was  placed  In  the 
dosing  sluicea ' 

The  earth  dikes  were  fliled  by  drag  and  wheel  scrapers  drawn  by 
Uiasourl  mules,  the  former  being  used  for  all  hauls  under  200  ft 
The  corewalls  were  Hrst  constructed  on  bedrock,  the  concrete  being 
wheeled  In  barrows  an  average  of  200  ft.  from  construction  train  to 
forms.  Care  was  taken  to  bring  no  unnecessary  stress  on  the  walls 
by  maintaining  the  fill  at  equal  heights  on  each  side  of  the  core. 
Clay  puddle  and  riprap  protect  the  sides  from  erosion. 

Tbe  plant  and  construction  costs  were  as  follows: 

Camp.^Thn  camp  consisted  of  the  following  buildings : 

Floor  Area, 
Sq.  Ft. 
B  dormitories  tor  £83  men IS.OOO 

2  mess  halls  for  80  men 3,000 

3  Individual  sliacks  for  3  men 864 

1  machine    shop 900 

1  blacksmith    shop 100 

Total  noor  area Zl.OOO 
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Ttie  cost  of  constructing  these  bulldlnsB  was  as  followH; 
Item.  Cost. 

15S.0O0  f(.  B.  H.  of  lumber  at  (11.50 tt.bli 

16  carpenters  48  days  at  |3 i.llO 

30.000  Bq.  ft.  tar  puper  at  I0.022S 67E 

Nails 14S 

ToCb.1  21,000  an.  fl.  at  (0.31 IG.SGG 

Interest  and  depreciation G.EOO 

The  coal  per  square  fool  of  building  was  as  follows: 

Per  sg.  (t.     Per  cent 

Lumber    lO.lf  SG 

Labor    0.10  S2 

Roollns  and  hardware 0.14  13 

Total     .' tO.ai  100 

The  carpenter  work  cost  tl3.T0  per  1,000  It.  B.  M.,  whicb  Is  «  blBh 

Sand  and  Grarel. — The  excavation  and  BcreenlnK  Of  the  sand  and 
gravel  required  the  following  plant :  One  BoreenlnK  plant,  fl  wheel 
scrapers,  7  spans  of  mules  and  bamesses,  S  living  lenta,  Z  mule 
tents.  H  dinkey  engine,  6  Western  dump  cars  and  H  mile  of  track. 
The  Investment  cost  of  the  plant  was  111,500  ;  the  dally  plant  charge 
was  as  foUowB  tor  IBS  days: 


Per  day. 

.  ..(30.30 


Interest  and  depreciation.   lE.OOO. . . 

Coal   (or  bolter >.uv 

Coal  for  H  dinkey 0.60 

OH  for  engine 0.40 

Oil  for  «  dinkey O.IO 

Feed  and  care  of  mules T.6D 

Total     '.(40.80 

Broken  Sfone.— The  plant  tor  quarrying  and  cruBlilng  tbc  broken 
•tone  WHS  us  follows:  One  I\'o,  5  Austin  crusher.  1  hoisting  englno 
and  boiler,  1  60-ft.  darrlck,  4  steam  drills.  6  scale  boxes.  1,200  ft. 
track,  %  dinkey  engine,  G  Western  dump  cars,  1  blacksmith's  shop 
and  1  winch.  The  Investment  cost  was  (13,000 ;  the  dally  plant 
charges  were  as  follows  for  170  days: 

Interest  and  depreciation.   t^.SOO (32.30 

Coal   for   boilers 6.B0 

Coal  for  »,  dinkey 1.00 

on  for  engines nsn 

Oil  for  dinkey 


.    t3.GD 


Total     tfll.BO 

Mixing. — The  mUlng  plant  consisted  of  2  mixing  plants  (S  No.  4 
Ransome  mixers,  l  cu,  yd,  batch).  3  cement  trucka,  700  fL  of  track 
with  trestle.  2  cement  houees.  1  sand  chute  and  2  sand  cars.  The 
investment  cost  of  the  plant  was  (7,900:  the  daily  plant  charges 
were  as  follows  for  ISS  days: 

Item.  Per  day. 

Interest  and  depreciation.  (2.000 llT.ao 

Cmil M» 

Oil    O.H 

Total,  ISO  cu.  yds.,  at  (0.10 (1>.4S 
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PlddHfi. — Tbe  plant  required  tov  placing  concrete  was  aa  tollon 

Bii  hoisting  engines  and  bollern,  7  derricks.  V  tipping  buckets,  E 
tL  of  track.  S  llat  cars.  EOD  ft.  of  trestle.  1  dinkey,  1  n'estem  dui 
cars.  \i  wheelbarrows  snd  18  shovels.  The  Investment  cost  n 
tli.DOn  and  the  dally  plant  charge  was  as  follows; 

Item.  per  day. 

Interest  and  depreciation,  IB.SOO fSl.TG 

Coal 6.00 

Oil    1.00 

Total.  180  cu,  yd&.  at  tO.Zl I37.TE 

Wase». — The  wages  paid  labor  were  as  follows: 

Class.  Per  day. 


Tagmen    12.00 

Carpenters 12.00  to  $3.50 

Rlvemien    13,00 

Electricians    13.00 

Riggers 12.60  to  IS.eO 

Mechanics   »S,76  to  11.60 

Cooks    12.00 

Laborers    11,76  to  12-26 

Water  boys 61.50 


Wolii  Dam  ond  Concrele.— The  cost  In  place  of  the  30.000  cu.  yds. 

of  rubble  concrete 

m  the  main  dam   inclusive  of  labor  and  plant 

cliargee  was  as  CoUowa : 

Skilled                             Cost 
Foremen.  Laborers.  Laborera     Percvuyd, 

Cttoent 

Hixing':::::::.';: 

Ptaclng 

t5  92 

Referring  to  the 

forms,  the  cost  of  material  per  foot  Imard  meas- 

Per  f  L  B.  M. 

Total  . . 

t0,028 

Ccnurete  Cortvall,  Eaat  Dike. — This  corewall  averaged  11.2  ft.  In 
height,  contained  2,893  cu.  yds.,  and  took  TS  days,  Including  Sun- 
days and  Idle  days,  to  build  with  a  force  of  5  foremen,  10  skilled 
laborers  and  80  laborers.  Sectional  forms  4  x  12  ft.  of  1-ln.  boards 
and  2  X  6-tn.  studding,  were  used.  The  concrete  was  delivered  to 
trestle  running  1.000  ft  by  train.    The  cost  of  the  corewail  was  as 
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Item.  Tota.1, 

3,3S0  bbls.  cement,  at  12.31 }  e,ei5 


. d  and  BTivel,  t-  .- -- 

.  ydi.  broken   stone,   at  tl.OB 2,083 


„  (2.983  e- .  _ 

Placing  concrete  (Z,S93  cu.  yda,  at  tl-01) 2,91T 

f Z,40O  sq.  ft.  Conns,  at  13  eta 1,!32 

Total |14,87« 

I.IEO  cu.  yds.  excavation,  at  93  cts. 1,134 

Grand   total    tlt.SOO 

The  cost  per  cubic  yard  of  concrete  work  proper  was  tbui  K.H 
and  Che  cost  Including  excavation  was  fS.GS  per  cu.  yd. 

Earthwork. — The  cost  of  the  earthwork  In  the  dikea  wob  as 
follows : 

EaaC  dike:  Volume,  21,900  cu.  yds.,  aandy  loam;  force.  3  foremoi. 
14  laborers,  60  mules;  lead.  600  fL  ;  plant.  No.  2  wheel  scraparB: 
unit  cost,  S8  eta  per  cu.  yd. 

West  dike:  8,900  cu.  yds.,  sandy  loam;  force,  1  foreman,  14 
laborers,  20  mules ;  lead,  00  ft. ;  plant,  drag  scrapers ;  unit  cost. 
26  eta  per  cu.  yd. 

Cost  of  Concrete  Fence  Post.— Mr.  J.  A.  Mitchell  elvea  the  fol- 

Fence  poBls  need  not  contain  more  than  O.B  cu.  ft.  of  concrete,  if 
the  posts  are  made  tapering.  They  should  be  reinforced  with  gal- 
vanlted  wire,  for  Ihe  metal  Is  so  close  to  the  surface  of  the  con- 
crete that  It  Is  likely  to  rust.  Two  men  will  make  100  such  posts 
per  day,  or  2,22  cu.  yda  ;  while  three  good  men  have  made  200 
posts  per  day.  or  about  l.E  cu.  yds.  per  man,  A  double  mold  lor 
making  two  pnrls  Is  used,  and  should  be  collapsible,  so  that  It  can 
be  removed  in  24  to  48  hra.  Wooden  molds  that  liavc  been  In  use 
three  years  are  still  In  service.  Such  posls  can  be  made  for  II  to 
12rt  cts.  each,  which  la  equivalent  to  about  15.40  per  cu.  yd.,  prices 
being  as  follows: 

CalvanlEcd  wire,  per  lb. 03%, 

Wages,  per  day 1.60 

MIxtun-s  ot  1 :  3  and  1 :  4  are  best. 

Cost  of  Reinforced  Concrtte  Telephone  Poles.*— The  possibllKle* 
for  reinforced  concrete  poles  In  transmission  line  work  have  re- 
cently been  very  carefully  investigated  by  the  Richmond  (Ind.) 
Home  Telephone  Co..  which  has  constructed  a  line  across  the  White- 
water Hlver,  using  polea  ranging  from  4G  to  GG  ft  in  height  of  the 
conatructlon  shown  by  Fig.  2,  Invented  by  Mr.  Wm.  M.  Bailey,  Vice- 
Prealdenl  and  Genernl  Manager  of  the  company.  The  fallowing 
account  of  these  Investigations  and  of  the  studies  made  by  the 
American  Concrete  Pole  Co.,  Richmond.  Ind.,  which  has  been  organ- 
ised to  market  the  poles,  has  been  complied  from  Information  given 
us  by  Mr.   Bailey. 

For  poles  30  ft.  long  and  under,  the  molding  Is  done  harlsontally 

'Enffltwri'iO-ContracUiii/,  March  11,   1901. 


.  CONCRETE    CONSTRUCTION. 


597 


on  the  KTonnd  and  Ihe  pole  erected  when  hard  like  a  wooden  pole: 
(or  polea  over  30  ft  Iodk  the  moldlriK  <■  done  In  torms  set  vertical  In 
the  pole  hole.  The  (oUowIuk  flKuren,  Table  IX  are  given  bb  the  coat 
without  royaltr  of  concrete  poles  molded  as  daacrlbed.  These  coats 
are  tor  poles  erected  excluding  the  material  com  of  ateps  but  In- 


Fig.   t. — Concrete  Telephone  Pole. 

eluding  labor  coat  of  Betting  .atepa.  and  they  are  baaed  on  the  fol- 
loving  wages  and  prices: 

Foreman,  per  day (S.OO 

Idborera,  per  day j,76 

Cement,  per  barrel 2.00 

Stone,  gravel  or  sand,  per  cu.  yd. 1.00 

For  sake  of  comparison,  the  cost  of  cedar  pole*  has  tteen  added  to 
tbe  table:  theae  costs  Include  poles,  unloading,  dressing,  gaining, 
rooBng.  boring,  hauling  and  setting.  All  Hgures  are  as  furnished  by 
Mr.  Bailey.  Regarding  the  methods  of  constructing  concrete  polea. 
Mr.  Bailey  says: 

"All  of  the  larger  concrete  pole*  (that  Is.  poles  over  30  ft.  In 
height),  are  built  upright  In  position  ready  for  use,  the  forms  being 
■et  perpendicularly  aver  (he  hole  In  which  the  pole  Is  to  bo  placed, 
the  hole  having  been  dug  to  conform  with  the  slie  pole  prior  to  tbe 
aettlng  of  form;  thus  when  Ihe  concrete  la  poured  In  at  the  top  of 
torm.  the  hole  la  entirely  filled  and  the  concrete  knit  firmly  to  the 
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■olid  earth  that  bai  never  been  disturbed.    Then  !■  do  replMlns  of 
earth  or  tamplnK  required. 

"All  polea  under  30  rt.  In  beisbc,  up  to  the  preeent  liroe,  )ulv« 
been  built  on  the  ground  and  aet  aft«r  tbey  have  been  aeaeoned,  al- 
though there  Is  eome  doubt  In  tny  mind  and  I  believe  that  with  the 
proper  equipment  and  a  little  practice  that  it  will  be  discovered  that 
even  the  emaller  poles  csn  be  built  more  economically  uprtKht.  Aa 
to  the  con  of  eettlnK  tbeae  poles,  it  la  true  that  they  will  have  to  be 
hajidled  with  a  derrick  or  gin  pole,  but  with  this  equipment  they  can 
be  handled  very  rapidly,  and,  I  believe,  almost  as  cheaply  aa  the 
irooden  pola  One  can  readily  see  that  as  the  larger  poles  are  built 
upright  in  position  which  they  are  to  occupy,  that  there  Is  no  heavy 
material  to  handle — consequently,  there  will  be  no  necessity  for  any 
beavy  rlKging  or  equipment.  The  hole  Is  first  dug  and  the  (arm  Is 
•et  directly  over  the  same.  After  the  form  hai  been  placed,  the 
reinforcing  rods  end  binding  wires  are  placed  and  the  form  Is  then 
ready  to  receive  concrete.  After  the  concrete  has  been  poured  in,  It 
Is  left  for  about  three  or  four  days,  depending  on  the  weather,  be- 
fore the  forms  are  removed.  The  most  ecooomlcM  way  of  handling 
concrete  Is  with  a  smHll  mixer,  capable  of  mixing  2  or  3  cu.  yda  per 
hour  and  the  old-faahloned  grain  elevator.  With  this  equipment,  the 
concrete  l>  placed  as  rapidly  as  It  Is  mixed  and  with  the  same  power. 
The  pouring  In  of  the  concrete  into  the  top  of  the  form  tamps  it 
thoroughly  and  It  shows  a  solid  compact  concrete. 

"This  proposition  Is  like  a  great  many  others — at  flrst  algbt  It  ap- 
pears impractical  on  account  of  first  cost,  but  on  Investigation  we 
find  that  this  Is  only  a  phantom  and  that  after  all  Is  done  and  said, 
the  proposition  ■■  economy. 

"I  give  you  here  the  exact  cost  data  on  one  of  the  G(-ft.  poles 
erected  over  the  Whitewater  river  at  Richmond.  Ind. ; 
Materials: 
4  1-ln.  steel  rods  10  fL  long,  and  4   K-ln.   Steel 
roda     IE     ft-     long     Including     "U"     bolts 

with  which  they  were  tied  together tlI.J4 

69  cu.  ft.  of  concrete 7.84 

t  set  of  binding  wires 1.80 

Total  materials   tSi.tS 

Labor: 
4  men    setting   form,    placing   rods,    and    binding 
wire,   guying,    truing   same   ready   for   con- 


2  men.  at  JE.OO 4.00 

4  men  and  one  horse  mixing  and  placing  concrete, 

1  hra  and  11  mlna.  S.Zg 

1  men  taking  down  form  and  touching  up  pole, 

a  hrt 1^ 

Total  labor 11!. 13 

Total  materials  and  labor (36.11 

"You  will  note  that  this  cost  is  J4.18  In  excess  of  m>  tabulated 
Hatement   (Table  1).     This  was   due  to   the  location   of  the  lead. 
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These  poles  were  set  In  over  rough  Kround  and  In  a  livAr  bottom 
where  we  had  water  to  contend  with  and  the  conditions  were  very 
unfavorable  to  the  erection  of  any  kind  ot  poles.  It  would  have  COM 
considerable  more  to  set  wood  poles  In  the  same  place.  Wc  Were 
also  obllKed  to  use  labor  Inexperienced  on  this  class  of  work.  I  be- 
lieve that  otter  the  men  are  properlr  broken  In  and  equipment  work- 
ing properly,  that  concrete  poles  can  actually  be  bulU  for  less  than 
flrst-class  cedar  complete,  set  In  the  Rround.  There  is  no  compari- 
son between  wood  and  concrete  when  we  take  Into  consideration 
EtrenKtIi.  durability,  and  ICb  lack  of  destruction  from  other  cauaea. 
such  aa  birds,  insects,  IlKhtnlng,  etc.  The  more  thought  and  t«M 
that  the  writer  applies  to  this  method  ot  conatruction.  thr  more  en- 
■  thuHilLBtlc  he  has  become  and  he  expects  to  see  the  day  when  no 
(Irst-class   construction   will   consider   anything   but  steel,   Iroo   or 

Cost  of  Reinforced  Concrete  Poles-*— Mr.  F.  J.  Hunt  Is  author  of 
the  following: 

The  prime  factors  In  the  construction  of  concrete  poles  are  tb* 
materials  forming  the  btouI-  This  Is  true  ot  all  concrete  conatruc- 
tion, but  particularly  so  In  the  construction  of  concr«t«  poles,  wh«r* 
the  croBs-sectlon  ia  small  and  the  greatest  possible  tensile  strength 
Is  desired.  Unless  the  best  quality  of  crushed  stone  and  aand  Is 
used,  desired  results  cannot  be  obtained.  Fig.  3  shows  the  method 
ot  molding  concrete  poles  on  which  these  and  the  following  remarks 

The  steel  reinforcing  rods  are  placed  1  In.  from  the  surface  of  tbs 
pole  In  1  Beta ;  four  roda  extend  to  the  top  of  the  pole,  four  rod* 
two-thlrda  of  the  length  ot  the  pole  and  four  roda  one-third  of  (he 
length.  In  teatlng  the  finished  pole  to  destruction  thia  distribution  tit 
the  steel  was  found  to  he  practical,  giving  a  uniform  stress  from  top 
to  ground  line.  A  sa-tt,  pole  wlih  6-ln.  top  and  9-hi.  base  deOected 
3  ft.  nt  the  top  from  a  plumb  tine,  and  straightened  when  the  load 
was  removed  without  any  apparent  damage  to  the  pole.  A  30-tt. 
pole  must  stand  a  strain  of  2,600  fL  lbs.,  at  the  groundllne.  The  feft- 
ture  to  be  reckoned  with  in  the  building  ot  a  line  of  concrete  poles 
Is  the  transportation  and  erection.  A  3«-tt  pole,  with  a  6-In.  top, 
will  weiKh  2,000  iba.  It  Is  a  practical  proposition  Co  build  this  length 
pole  in  a  yard,  In  forma  on  the  ground.  A  pole  of  any  greater  length 
should  be  built  in  place,  from  the  ground  up.  although  I  have  erected 
4G>rt  polea  that  weighed  6.60O  Iba  The  30-tt  reinforced  concrete 
pole  can  be  built  In  Chicago  for  tT.EO  and  erected  with  proper  equip- 
ment for  tl  each. 

The  reinforced  30-ft.  concrete  pole  with  e-ln.  top  ftod  10-in.  boae, 
and  comers  chamfered  to  1-ln.  radii  contains  K  eiL  7(L  ot  C0Dcr«« 
and  200  lbs.  of  steel,  the  cost  iMlng  aa  follows: 

SOO  tttB.  of  steel,  at  tl.SE  per  100  Iba. H.70 

W  cu.  yd.  concrete,  nt  17. EO  per  yd. t.ll 

Total    »T-*6 

•Kn.rjfncirrtnff-Conlroclliiff,  Feb.  26,  IBOB. 
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The  cBtimate  o(  tba  coat  of  the  llniilied  pole  ta  bttaad  on  th«  fol- 
lowing prlcea :  Cm^Md  atoo^  11.2S  p«r  cu.  yd. :  nnd.  tl-l'>  P^r  cu. 
yd. ;  ccm^it.  |1.;e  per  bbL,  and  labor,  to  cu.  per  hr.  In  ercctlnn 
coDcrete  polea.  the  equipment  wU]  vary  to  suit  (he  conditions.  On 
traction  IlneiL  wber«  tbe  polea  are  dose  Id  the  [rnclc.  the  most  con- 
Teinl«it  method  of  erection  ta  to  rl^  a  hinged  atlH-leg  derrick  on  a  flat 
car,  with  a  boom  of  sulHclent  lenjnh  to  pick  up  poles  on  cars  at 


Fig.  3. — Holding  Poles, 

either  end  of  the  derrick  car.  Thla  derrick  should  be  hinged  «o  qm  to 
be  conveniently  lowered  to  pass  uniler  grade-croaalngB  ami  obstruc- 
tions of  any  nature.  On  steam  railway  conslrucHon,  where  ttie  pole 
line  Is  often  GO  to  70  It.  from  the  track,  a  derrick  truck  with  Jnck- 
arms  Is  used  in  the  same  muntier  as  Ihe  car.  picking  up  the  diOIvererl 
poles  from  the  ground  instead  of  from  the  car. 

Bills  Of  Matarlala  and  Cost  of  Cancrats  Poles.*— The  Increasing 
cast  of  wooden  poles  for  telephone,  telegraph,  trolley  line  an<t  other 
electric  tranamlsBion  line  work  is  leading  engineers  seriously  to 
searcr.  for  aome  Bubstltule  material.  This  material  In  believed  by  a 
number  ot  engineers  to  be  reinforced  concrete  and  within  the  last 
year  or  two  there  have  been  quite  exlenslve  studies  of  reinforced 
concrete  pole  construction.  The  results  of  some  of  these  sludlca 
are  given  In  (he  succeeding  sections,  and  in  connection  with  them  the 
reader  will  do  well  (o  consult  the  article  published  In  our  Issue  of 
Nov.  20.  190T,  describing  the  construction  of  [50-ft.  transmission  line 

*£aDfneeWn0-Conlrac(lni;,  Jan.  HO,  I90S. 
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polea  for  the  Lincoln  Llshl  &  Power  Co.  In  Ontario  and  Klvlng  tbo 

meCboda  adopted  for  compuilng  the  stresseB. 

ComparaUve  Btrength  Teati  of  Concrete  and  Cedar  Potea. — In  190S 
two  forms  of  reinforced  concrete  poles  were  teeted  In  compariaon 
with  two  30-ft.  selected  cedar  poles  tor  Mr.  G.  A.  Cellar,  Superin- 
tendent of  Telefcraph,  Pennsylvania  Lines  west  Of  PlttsburK.  The 
concrete  poles  were  made  and  the  tests  conducted  by  Mr.  Robert  A, 
Cummlngs  of  Pittsburg',  Pa.  Both  poles  were  8  Ins.  In  diameter  at 
the  top  and  13  Ins.  In  diameter  at  the  base  and  both  polea  Were 
molded  hollow,  with  shells  from  IM  Ina  to  8  Ina  thick,  for  about 
two-Ihlrds  of  their  height  and  solid  for  the  rest  of  the  taelsht  One 
pole  was  octagonal  In  section  and  one  was  square  In  section  With 
chamfered  corners.  Each  pole  welghe.l  approximately  3,500  lbs. 
Both  poles  were  designed  to  carry  GO  wires  each  coated  witb  Ic6 
enough  to  malce  !t  1  In.  In  diameter,  and  to  resist  a  wind  load  of  SO 
lbs.  per  sq.  ft.  The  poles  were  assumed  to  stand  100  fL  apart  and 
were  made  30  ft.  high.  These  conditions  are  approximately  OQUlva' 
lent  to  a  cifncentrated  load  of  1,000  lbs  applied  nsar  the  top  of 
the  pole.  The  reinforcement  for  both  poles  consisted  of  a  peripheral 
ring  of  eight  Z4-(t.  bars  of  round  Steel  and  alteniately  %  In.  and 
%  In.  In  diameter.  Wooden  blocks  were  molded  Into  the  poles  for 
attaching  clips  and  braces  and  through  holes  cored  for  cross-arm 
bolts  Both  the  wooden  end  the  concrete  poles  were  set  approxi- 
mately 6  ft.  Into  3  X  3  X  B  ft  concrete  liases 

Mr.  Cummings  describes  the  method  of  condubttng  the  teats  as 

"The  load  was  applteil  through  a  band  10  int.  fi'om  the  top  of  the 
pole  by  means  of  two  %-In.  wire  ropes  which  passed  over  two  11-ln. 
sheaves  near  the  end  of  an  Inclined  A-frame.  These  ropes  recetved 
the  hook  supporting  a  differential  chain  hoist  of  5  tons  capacity. 
The  base  of  the  A-frame  rested  freely  upon  the  front  edge  of  the 
concrete  foundation  and  Inclined  away  from  the  poles  at  an  angle 
of  4S*.  A  pulley  suspended  from  the  extreme  end  of  the  A-frame 
carried  the  differential  hoist,  the  lever  arm  and  counterweight.  The 
Initial  load  applied  at  the  top  of  the  pole  was  thus  reduced  to  BO  lbs. 
The  total  amount  of  npplled  load  was  measured  by  a  simple  lever. 
One  end  of  which  was  supported  on  the  platform  of  a  2,B00-!b. 
capacity  weighing  scale,  while  the  other  end  was  attached  to  chain 
hoist.  The  two  acted  through  a  rocker  fulcrum  suitably  supported. 
The  load  was  applied  or  released  by  operating  tha  differential  hoist. 
In  applying  the  load  the  hoist  would  reduce  the  distance  betweM  the 
haohB  at  any  rale  of  speed  desired.  A  gmdualed  rule  was  (sSten«d 
at  the  top  of  the  pole  being  tested  and  extended  back  parallel  with 
the  line  of  poles  crossing  the  arm  containing  a  gage  pin,  from  which 
point  dellectionB  were  read.  This  arm  was  nailed  to  a  rigidly  braced 
upright  erected  near  the  rear  telegraph  pole.  Dellectlona  (Table  X) 
were  also  read  12  ina  above  the  foundations  by  means  of  a  morabl* 
rule.  The  platform  for  supporting  the  observer  reading  deflections  at 
top  of  poles  was  suspended  from  a  nearby  bridge.  The  accompany- 
ing fable  (rives  the  loads  and  corresponding  deHecUons  of  four  polea 
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tested.  The  white  cedar  poles  t 
tion.  Tbe  concrete  poles  failed 
tiaae  of  polei  at  the  level  at  thi 


oke  about  T  ft.  above  the  foundo- 
•y  crushing  ot  the  concrete  In  the 
foundation." 


Tablb  X. — Loads  Aifo  DBTLBcrioNfl  ron  Fotn  Folis  TmnMO. 


Deflection 

Deflection 

Load 

Bamark*. 

top"i.s. 

lbs. 

torn,  Ins. 

Time.' 

Octagonal  Concrete  Pole. 

S 

iisso 

1/31 

1/11 

S;1T 
3:18 

gtt 

2,630 
S,080 

z 

.... 

Temp,  deflec— W  in 

"% 

9M 

Crks.  Noa.  1  and  2. 

M 

EO 

Temp,   deflec. — I   In 
Cmclca  Nos.  1  and  4 

S,<30 

i':i4 

18 

3,S10 

3:Z5 

Crk.  G  crshd.  at  bat 

ZEM 

1,160 

% 

3:28 

PoiebricatsnidJev 

Square  Concrete 

Poles, 

.§ 

50 
1.S30 

2:02 

3*i 

2.130 

tios 

4*9  II 

GO 

Temp,  dtflec— 1  In. 

s^i' 

3.030 

1/16 

liii 

8,830           ..             a 

;lft 

Temp,  dedec.— It  tna 

Wooden  Pole  No. 

,830              . .                 I 

11 

First  crack. 

■is     ■■ 

;430                                I 

Pole  brt  suddenly. 

Wooden  Pole  No. 

8. 

172 
2,230 
2,530               ..               11 

':63 

Pole  brli.  suddenly. 

X  27 

47 

Ifatftvine,  CltattanaatM  i  81.  Zioul*  Ry. — Fig.  4  shows  the  stand- 
ard reinforced  concrete  pole  designed  to  support  bridge  warnings 
by-  Mr.  Hunter  McDonald.  Chief  Engineer,  Nashville,  Chattanooga 
&  St.  IioulB  Ry.  Originally  the  pole  was  molded  with  pole,  croM- 
arm  and  brace  all  of  concrete  and  In  one  piece,  but  this  whb  found 
loo  expensive  and  the  gas  pipe  crosa-arm  and  brace  were  Bubatltuted. 
One  pole  of  each  construction  has  been  In  use  over  three  years. 
The  one  with  the  concrete  crow-arm  shows  cODBldemble  bending, 
but  the  other  does  not.  The  bill  of  materials  tor  the  concrete  pole 
«bown  by  Fig.  4  Is  aa  follows: 
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Shaft:  ti  cu.  yd.,  platform  acTeenlnga,  ^  cu.  yd.  HUid,  and  t% 
bags  Portland  ccinait. 

Baae :  1  ^  cu.  yds.  crushed  stone,  K  cu.  yd.  sand,  and  S  bags 
Portland  cement. 

Fori  WavHa  4  Wabaak  YaUey  Tractftnt  Co. — This  coiDpanr  opcr- 
atlns  same  IdO  miles  of  street  and  interurban  trolley  line  propoNt 
to  make  Its  renewals  with  concrete  poles  of  the  construction  shown 
tV  PlKS.  S  to  8.  FlK.  E  shows  the  IZ-ft.  pole  complete  and  Ftcs.  t, 
7  and  8  show,  respectively,  Ihe  32  and  30-ft.  pole  reinforcement.  The 
wM^t  and  dimensions  of  the  pole  and  the  bill  ot  material  required 
are  given  for  each  size.  Regarding  Ihe  construction  of  these  poles 
Mr.  H.  Ii.  Weber,  Chief  Engineer  of  the  rood,  Writes: 

"The  cost  of  constructing  concrete  poles  depends  so  muctl  upon 
tbe  location  of  the  materials  with  respect  to  the  points  where  the 
poles  are  to  be  erected  that  general  figures  are  difflcult  to  state. 
Having  several  good  gravel  banks  at  convenient  points  along  our 
right  of  way,  which  Is  120  miles  In  length,  and  having  our  road 
already  built  and  the  equipment  available  for  handling  materials 
and  poles,  we  have  been  able  to  build  concrete  poles  for  about  the 
aame  cost  as  a  wooden  pole  all  fitted  up  and  painted.  We  figure 
that  a  Il-n.  pole  cosIb  fT.EO  and  a  4G-rt.  pole  costs  flB,  at  pit.  It  la 
difflcult  to  figure  the  cost  of  molds,  as  one  mold  should  be  good  for  a 
Dumber  of  poles,  d^>endlnK  on  the  care  that  Is  taken  of  It. 

Bill  of  Uatbbul,  Fia.  6. 
Item.  Lbs 

4  pes.  4i-ln.  X  42  ft.  twisted  steel  bar 321. S 

8  pes.   ^'In.  I  32  ft  twisted  steel  bar 217.6 

8  pea    %-ln.  X   16  ft.  twisted  steel  bar 61.2 

(0  pea.  total  weight  of  steel SOO.O 

Concrete,  2J7  cu.  tt.,  weight 3,010.0 

Approximate  weight  of  pole S,630.0 

Surface  area  of  steel., 14.176  sq.  In. 

Base  area  of  steel &.375  aq.  In. 

Bill  or  Material,  Fio.  6. 
Item.  Lbs. 

12  pea   %-ln.  X  30-ft.   twisted  steel  bar 172.0 

8  pes   %-ln.  X  20  ft,  twisted  steel  bar 76.6 

8  pes.  ?(,-ln.  X  10  ft.  twisted  steel  b.ir 38.3 

(8  ■pea,  total  weight  of  steel 286.9 

Concrete,  13.7  cu.  ft 1,758.0 

Approidmate  weight  of  pole 2.011. 9 

Surface  area  of  steel 10.800.0  sq.  in. 

Base  area  of  steel 3.»a  >q.  In. 

Bill  op  Matbbial,  Fio.  7. 
Item.  Lbs. 

4  pes.   !4-ln.  X  30-ft.  twisted  steel  bar 102.0 

IZ  pes,   %-ln.   X  20  ft.  twisted  steel  bar 114.7 

5  pea   %'In.  x  10-tt.  twisted  steel  bar 38,3 

11  pea,  total  weight  or  steel 2EE.0 

Concrete,  18,7  cu.  tt,  weight 1.768.0 

Approximate  weight  ot  pole 2.013.0 

Surface  areA  of  steel lO.BGO  sq.  In. 

Base  area  of  steel 3,812  sq.  In. 

No  records  of  cost  were  kept. 
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Copper  f^te' 
Fig.  B, — Concr»t*  Trolley  Pol*. 
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Bill  or  Hatiruj.,  Fio.  S. 
Item.  Lbs. 

4  pes.    li-ln.   X  32-tt.  twisted  Me«l  btu- 108.8 

B  pes,    tj-ln.  s  24-ft.  twlated  steel  bar les.a 

8  pen.    H-ln-  X  le-Ct.   twisted   steel  bar 81.1 

20  pen.,  total  weight  of  steel 333.2 

Concrete,  IB.l  cu.  tL I.9S0.O 

Approximate  welsht  pole S,29t.S 

Surface  area  steel 0.646  sq.  In. 

Baae  area  steel 4.125  iq.  to. 

Piatburg,  Ft.  Wavne  d  Chicago  Sy. — In  1908  this  company 
erected  &3  poles  tor  a  mile  ot  telagraph  line  near  Uaples,  Ind.  Ths 
ceaeral  construction  of  thes*  poles  Is  shown  by  FIk-  9.  They  rftOKcd 
In  tielBht  from  38  to  84  (t  The  ZK-ft.  pole  shown  by  Fig.  S  was 
8  Ins.  square  at  the  butt  and  8  Ins.  square  at  the  top,  the  comers 
belDX  chamfered  to  a  face  2  Ins,  wide,  so  that  above  ground  the  pola 
was  octaKonB.1.  The  poles  were  set  1  ft.  Into  the  sround,  and  packed 
around  with  stone  screenings.  Some  ol  the  poles  were  erected 
within  five  days  after  molding. 

Marihall  Concrete  Pole. — The  following  ts  a  description  ot  a  test 
pole  mode  by  Ur.  Wallace  Harehall,  Lafayette  £inBlneerlng  Co., 
I^ajvtte,  Ind. 

"In  November.  1908.  I  made  a  box  (arm  of  three  sides,  havtaig  tlia 
top  open,  for  a  test  pole.  It  was  3S  (t  long.  The  lower  G  ft  was 
10  loa  square;  commencing  at  that  point  It  tapered  on  all  side*  to 
5  Ina  at  the  top.  From  the  8-ft.  point  I  put  a  triangular  piece  la 
each  corner  of  the  form  ot  about  li^  Ins.  wide  at  the  bottom  and  1 
in.  at  the  top  to  chamfer  the  comers  of  the  pole.  At  proper  places  Ot 
a  standard  line  pole  tor  line  bracket,  cross-arms  and  telephone  box 
I  bor«a  holes  through  the  forms,  put  machine  lx>ltB  through  it  and 
let  tbem  extend  about  2  Ins.  In  the  forms,  screwing  the  nuts  the  full 
length  of  thread.  In  the  top  of  the  form,  which  was  brought  to  k 
round  point,  I  placed  a  IM-ln.  pin  In  the  center  to  leave  a  hole  or 
an  Insulator  pin.  I  then  filled  the  form  with  concrete  mixed  by 
hand  consisting  of  1  part  of  cement  to  6  parts  ordinary  gravel,  except 
a  facing  of  atiout  %  In.  of  cement  and  sand  1  to  3.  After  covering 
the  bottom  of  the  form  about  1%  Ini.  I  laid  In  the  large  end  two 
ii-!n  Thatcher  bars  26  ft  long,  and  In  the  top  part  two  14-ln. 
Thatcher  bars,  lapping  them  about  4  ft.  I  left  them  In  the  fonu  alx 
daya  At  the  expiration  of  30  days  we  tested  It  as  follows;  We 
planted  It  flrmly  In  the  ground  S  ft.  deep.  At  26  ft  distance  we 
planted  a  large  cedar  telephone  pole.  At  the  level  Of  21  ft.  from  the 
ground  we  fasleneil  a  wire  cable  from  one  pole  to  the  other.  Which  1* 
nbout  the  height  of  a  trolley  wire.  In  the  center  of  this  cable  we 
suspended  a  barrel.  Into  this  barrel  we  loaded  steel  rivets  gradually 
and  watched  results.  The  two  poles  began  to  bend  as  the  load  Was 
applied.  When  the  two  were  deflected  about  21  Ina  each  toward  the 
other  I  observed  a  small  check  come  In  the  concrete  pole  about  10  tt 
from  the  ground,  and  simultaneously  checks  appeared  from  tbe 
cable  to  the  ground.  We  Immediately  stopped  loading,  took  off  tbe 
ballast  welghtad  tt  and  calculated  the  horizontal  strain  and  found 
It  to  be  STB  lbs.     The  maximum  moment  would  be  at  tha  groond. 
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PlB,  R, — Concrete  Telegraph  Pole. 
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but  the  Bueu  at  alio  we  made  waa  about  right,  since  On  concrete 
crocked  from  ground  to  cable  at  aJmoiit  the  same  time.  When  Itia 
load  was  removed  the  pole  rcBumed  Its  plumb  position  and  remaina 
BO  to-day,  although  being  used  for  hea.vy  guy  wires.  The  bolts  were 
unscrewed  before  moving  them,  leavtCK  the  nuts  Imbedded  in  tha 
pole.  After  concrete  aet  we  screwed  the  bolts  Into  the  nuts  and 
could  not  loosen  them  With  an  ordinary  wrench.  It  took  aeveral 
heav7  blows  with  a  sledge  hammer  to  break  out  the  top  aocket.  My 
conclusions  were,  however,  that  a  wire  ring  or  two  of  reinforcement 
should  be  placed  about  the  pin  for  safety.  Careful  estimates  were 
made  as  to  coats  of  such  a  pole  tS  ft  long  It  made  In  quantltle* 
In  proper  forms  with  material  at  the  then  market  price,  ana 
Kravel  In  pit  at  %1  actual  cost.  Comparbie  that  cost  with  present 
price  of  pine  polM  and  add  to  the  latter  the  coat  of  IrlmmlnB; 
chaRiferlng,  framing  and  painting,  the  concrete  pole  can  be  made 
for  less  money  than  the  wood,  provided  no  prollt  la  paid  a 
contractor.  Figuring  the  moments  on  the  pole  tested  I  found  the 
concrete  failed  at  Just  about  the  time  the  limit  of  elasticity  of  tits 
steel  was  reached,  providing  that  It  would  be  of  no  value  without 
the  steel.  I  bellevs  that  the  concret*  pole  Is  practicable,  and  the 
only  reason  I  hava  not  put  It  to  practical  use  has  been  the  lack  at 

Cost  of  Reinforced  Concrels  Pllsi  for  a  Building  Foundation.— In 
Enginevrinff-ConlracHng,  Mar.  ti,  1909,  a  ps^er  by  Santord  B. 
Thompson  and  Benjamin  Fox  Is  published,  of  which  tb»  tollowlns 
Is  an  abstract. 

Arrange  molding  platform  If  possible  so  that  butts  of  pile  bt« 
placed  to  be  drawn  direct  by  pile  driver.  ■ 

Design  butt  so  that  pipe  connection  does  not  interfere  with  siuuctx 
ring.  Place  pipe  connection  so  that  hose  can  be  connected  before 
raising  pile   and   supporting   rop«   will   not   Interfere   with  derridc 

If  pUea  are  made  In  c«ol  weather  and  are  to  be  driven  In  10 
days,  strengthen  concrete  mix  at  butt  by  working  some  dry  cement 
Into  it  while  ramming. 

Use  perfect  rolls  under  driver  to  facilitate  quick  moving.  The  plan 
found  best  at  Cambridge  with  the  4,T0O-Ib.  hammer  was  to  begin 
driving  by  churning  and  water  Jet,  using  this  method  as  long  oa 
possible.  The  chain  connecting  pile  to  hammer  Was  then  discon- 
nected and  driving  began  with  hammer  drop  of  about  1^  ft.. 
Increasing  drop  as  driving  became  harder;  4  ft.  may  sometlnies  be 
used  at  the  start 

In  ground  not  too  hard  It  may  be  advisable  after  eompletlnc 
churning  to  give  the  chain  a  slack  for  a  U-ft.  drop,  and  ntlM  pile 
a  little  with  a  Jerk  after  each  blow.  This  appears  to  b«  eRecUve 
only  In  ground  soft  enough  so  that  the  pile  can  ha  readily  T«lMd. 
and  as  It  takes  time  to  adjust  chain.  Is  hard  on  engine,  and  tend* 
to  start  head  crushing,  It  is  of  very  doubtful  value. 

*s  tip  of  pile  should  have  good  bearing  on  ground  twdlstnrbed 
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by  vater  J«t,  tlie  watw  ttiould  b«  abut  off  before  the  pile  U  down 
to  srade^ 

The  Szg-tn.  tip  waa  found  to  be  sllgbtly  preferable  to  tbe  I0k10-1d. 
tip  In  lime  of  driving.  The  2-ln.  Jettine  pipe  gave  the  ben  remilti, 
and  It  ia  auBgested  Cor  future  use  lliat  this  be  reduced  to  1  Id.  or 
IK  ino.  for  the  last  13  or  18  Ina  at  the  tip. 

For  pilea  of  SO  ft.  or  leaa  lenglli  the  longitudinal  reinforcement 
may  be  K-ln.  rode  inatead  of  Tt-lo.,  but  (or  pllea  of  over  30  ft. 
computatlona  should  be  made  bo  that  tbe  longitudinal  reinforcement 
will  be  strong  enough  to  stand  the  vibrating  weight  of  the  pile 
when  it  la  being  Kiaed  to  the  glna  of  the  machine. 

DeaiitH. — The  plies  as  designed  by  Ur.  Fox  were  made  SO  fL  S  Ins. 
Ions.  II  Ina  SQuare  at  the  butt  end,  and  In  general  9  Ina  square  at 
the  tip.  A  number  of  soundings  were  taken  at  the  slle  of  the 
power  house  which  Indloated  a  SU  of  from  8  to  S  ft. :  below  this  to  a 
depth  of  SB  ft.  T  Ina  to  31^  ft.  from  the  surface,  fine  sand  and 
mud  {practically  all  may  be  considered  sand)  ;  and  below  the  sand 
a  clay  bard  pan  waa  reached  which  was  tested  to  a  depth  of  13  ft 
These  testa,  together  with  a  consideration  of  the  requirements, 
determined  the  length  of  the  pile. 

Of  the  4S  piles  which  were  made,  B  were  S  Ina  square  and  fi 
were  10  Ina  square  Instead  of  9  Ina  at  the  tip.  The  abject  of  this 
variation  In  size  of  the  tip  was  to  determine  which  size  gave  the 
beat  resulta  The  Irregularity  of  water  pressure  proved  a  very 
gT*at  handicap  to  making  accurate  comparlsona  and  also  affected 
very  seriously  the  resulla  obtained  during  the  actual  driving  of  each 
pita     Einough   piles  were  observed,   however,   to   give  fairly   good 

Averages  of  the  time  of  actnal  driving  the  piles  with  different 
■ised  tips  give  the  following  reautta.  which  Indicate  tliat  the  8-ln. 
Up  la  all^tly  preferable  in  time  of  driving.  The  variation  In  the 
cbaracter  of  the  ground  as  well  as  the  water  pressure  may  Influence 
in  a  measure  the  relative  ttmea 

TniK  DaiviNa  Pius  with  Ddtbrint  Sized  Tips. 

Range  In  Average 

atseofTlp.  Time  Driving.  Time  Driving 

Ina  Hlna  Mine. 

8  ze  to  107  98 

B  33  to  IBS  76 

10  40  to  130  85 

Files   were    reinforced    with    four    Ti-ln.    corrugated    steel    rods 

extending  to  within   3   Ins.  aC  the  ends  of  the  pile,  and  Imbedded 

Z  Ins.  from  the  face  near  the  butt  and  f/i  Ina  from  the  face  at  the 

tlpb       Loops    of    M-ta,    corrugated    bars    were    placed    around    the 

principal   steel,   spaced   about   12   ina   apart   except  near   the  butt. 

where  the  apadng  waa  decreased  to  i   Ina,  there  being  31   loops  In 

an.     The  butts  of  the  piles  were  also  extra  reinforced,  some  with 

%-ta.  and  some  with  14-ln.  rods,  varying  In  length  from  S  to  3  ft. 

A   %-ln.  rod  about  R  ft.  long  was  Imbedded  In  the  concrete  wlih  a 

loop   sUckEng  out  through   the   concrete  near   tbe  top   of  the  pile 
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A  BalvanEied  Iron  Dlpe  was  cast  In  the  center  of  the  plla  for  tlie 
water  Jet.  For  experimental  purpose  the  HlseB  of  pipes  were  varied, 
being  2  Ins.,  m  Ins.,  lU  Ins.  and  1  In.  To  carrf  out  the  expeti- 
ment  stilt  further  some  of  the  piles  were  made  with  one  of  the 
larger  size  pipes  for  about  half  tbe  length  of  the  pile  and  thero 
connected  with  one  of  the  smaller  pipes  which  emended  down  to 
the  tip. 

The  times  of  driving  piles  with  different  Bliea  ot  pipe  In  tho 
Interior  of  the  pile  were  plotted,  but  the  variation  In  each  due  to 
other  causes  was  so  great  that  no  practical  conclusion  could  bo 
reached.  The  results  simply  Indicate  that  Ihe  pile  with  1-ln,  pipe 
took  slightly  longer  to  drive  than  the  piles  with  larger  slied  pipe. 

The  friction  ol  water  running  through  pipe  of  small  elie  is  verjr 
great,  BO  Lliat  It  is  known  without  eiperlmentlikg  that  the  largest 
tlie  of  pipe  which  It  Is  proctlcahle  to  Insert  In  a  pile  Will  give  the 
least  loss  of  head  and  therefore  he  the  best.  To  Increase  th» 
velocity  of  the  water,  and  thus  Increase  Its  power  to  loosen  earth 
(note  that  it  is  the  velocity,  not  the  pressure,  which  Is  Increased), 
the  size  of  the  tube  should  be  reduced  near  the  tip.  The  reduction 
must  be  made  far  enough  from  the  tip  of  the  pile  to  prorent 
clOKglnK  under  heavy  blows.  There  is  no  danger  of  the  aoasle  AlUnc 
while  the  water  Is  flowing  freely,  and  therefore  do  danger  while  tha 
pile  Is  being  churned  down  In  the  nrst  few  blowK  The  danger 
Is  apt  to  occur  when  the  driving  becomes  hard,  and  at  this  tlm* 
tha  penetration  per  blow  Is  so  small  that  It  would  seem  that  A 
noule  12  ins.  long  would  be  sulDclent  to  prevent  any  material  work- 
ing up  Into  the  larger  pipe.  A  Z-ln.  pipe  is  probably  as  large  as  Is 
practicable,  and  it  Is  (herelore  suggested  that  this  slie  be  used 
to  within  12  Ins.,  or  U  preferred,  24  Ins.  (rota  the  tip,  and  ther* 
reduced  to  1  In. 

Methoda  Emptoyed  In  Making  PUem.—Tna  method  of  construction 
la  as  follows:  A  2-ln.  platform  of  rouKh  plank  Is  built  on  groutid 
of  sufficient  area  to  hold  all  of  the  piles.  On  this  platform  chalk 
tines  are  struck  and  V  strips  to  form  a.  1-In.  chamfer  nailed  so  that 
the  lines  of  the  piles  are  about  t  Ina  apart,  alternating  points  and 
butts.  The  casting  of  the  piles  with  tips  and  butts  alternating  la 
economical  of  space,  but  where  the  piles  are  cast  so  as  to  be  handled 
directly  by  the  pile  driver,  without  any  Intermediate  handling.  It  la 
best  to  cast  them  all  with  the  butts  toward  the  machine  on  account 
of  the  saving  of  time  In  getting  the  plie  In  the  gins.  Two  S-la. 
unplaned  (to  Bsslst  In  skin  friction)  spruce  planks  form  the  sides  of 
each  pile.  The  piles  are  made  In  lots  of  about  Ave.  The  outside 
form  la  cleated  with  ZkI's,  and  the  other  sides  have  the  ptaak  simply 
■et  on  edge  with  pairs  of  wedges  between  them.  There  are  seven 
cleats  or  wedges  In  the  length,  and  seven  pieces  2]>1  nailed  across 
the  top  of  each.  After  setting  the  plank  sldea.  beveled  piece*  ar« 
nailed  to  locate  the  upper  mirfnce  nnd  form  a  chamfer. 

Steel  Is  wired  together  on  a  Uble  consisting  ot  ptank  oa  three 
horses.  The  reinforcement  when  made  Is  suspended  In  form  by  two 
wires  attached  to  each  of  the  Zxt  cross  pieces. 
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Two  dayi  were  uniaUy  allowed  before  striklnK  the  fomu. 
Ganq  Making  Pilb^ 


2  laborers  on  mlBcellaneoua  work,  at. I0.2B 

4  laborer!  wheetlng  and  mixing  concrete,  at O.ZS 

Z  laborers  rammlnE,  at O.ZE 

4  carpenttra,    at 0.43% 

4  steel  men    (2  carpenters  and  2  laborers),   aver- 
aging      0.40 

The  concrete  gaak  mixed  and  placed  concrete  In  10  piles  In  10 
bourK  It  took  4  carpenters  3\  hours  each,  or  a  total  time  of  ]S 
hours,  to  set  up  aides  for  5  piles  (10  sldeH),  and  4  carpenters  H  hour 
each,  or  a  total  of  2  hours,  to  take  down  the  sldea  for  G  pilea 
It  took  one  carpenter  and  one  laborer  10  hours  each  to  wire  up  G 
reinforcing  frames  and  place  them  In  torm  read]'  for  concreting. 

Each  frame  was  composed  of  four  %-\a.  rods  In  comers  running 
full  length  of  pile,  H-ln.  hoops  12  Ins.  on  centers  except  tor  2  ft  at 
the  top,  wbere  hoops  were  spaced  4  Ins.  on  centers.  Four  additional 
K-ln.  rods  2  fL  long  and  a  %-ln.  bent  rod  (or  hooking  the  pile 
were  placed  at  this  same  end.  A  lU-ln.  pipe  was  also  placed  In  the 
center  of  the  pile. 

The  concrete  was  mixed  by  hand  In  the  proportion  of  1-2-4.  using 
%-tn.  trap  rock,  the  aand  and  cement  being  flrst  made  into  a  mortar 
and  the  stone  added.  A  thorough  mix  Is  of  course  essential. 
Hlxlne  was  started  In  March,  precautions  tKing  taken  at  night 
against  possible  frost  and  the  piles  wet  down  every  day  tor  two 

The  age  of  the  piles  when  driven  ranged  from  BO  to  41  days,  tlie 
larger  part  ol  them  being  nearer  the  shorter  age,  the  average 
being  3IH  days.  The  flrst  pile  was  molded  on  March  24  and  driven 
on  April  24,  and  during  this  period  the  temperature  Was  low, 
averaging  between  40°  and  60'  F..  bo  that  the  piles  had  not  attained 
nearly  their  full  strength.  After  the  driving  was  commenced  the 
weather  became  much  warmer,  and  the  pllee  after  the  flrst  few 
were  noticeably  harder  and  entirely  sallsfactory,  even  although  the 
age  was  practically  the  same,  that  Is,  about  one  month.  The  first 
pile  driven  lost  Its  water  pressure  when  about  6  ft  below  the 
surface,  and  during  the  process  of  driving,  which  reached  700  blows. 
It  la  probable  that  It  broke  when  about  halt-way  down.  The  head 
of  this  pile  was  badly  crushed,  whereas  subsequent  piles  which  had 
hardened  more  thoroughly  because  of  the  higher  temperature  were 
uninjured,  even  with  a  similar  number  Of  blows  and  higher  drops 
of  the  hammer. 

It  may  be  said,  therefore,  that  a  period  of  one  month  for  season- 
ing piles  Is  sufficient  during,  say,  the  months  between  May  1  and 
October  1,  but  during  the  colder  months  a  longer  period  should  be 
allowed  nnless  artificial  heat  can  be  used  to  hasten  hardening. 

POe  Driver  and  Hammer, — It  was  decided,  after  a  careful  In- 
vestigation of  records  of  concrete  pile  driving  both  In  this  country 
and  Europe,  to  use  a  4.7((0-lb.  hammer.  With  a  view  to  the  Use 
of  Uie  heavy  hammer  and  the  side  strains  brought  to  bear  on  the 
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machine  by  the  dragBlnf  of  the  piles  from  the  caatlng  platform,  a 
special  driver  wae  built.    The  driver  waa  made  aa  followa : 

IxmK  leaf  hard  pine  was  used  tbrouKhout.  The  bed  timbers 
were  8x10  Ina,  IS  It  In  lengtli,  the  Bin*  i'i  Ins.,  4S  ft  long-  The 
braces  of  8x8  Ins.  timber  were  run  from  the  bed  timbers  to  the 
head  of  the  machine  with  Intermediate  braces  and  ties  to  give  tlie 
necessary  rigidity.  The  sheave  was  of  extra  heavy  pattern  and  the 
Whole  framework  was  bolted  up  and  tied  together  with  rods.  The 
cushion  head,  which  was  perhaps  the  most  essential  item,  aa  it  waa 
desired  to  avoid  fracture  of  the  pile  from  the  blows  of  the  l,7O0-lt>. 
hammer,  consisted  of  a  plate  Iron  collar  16  Ina  square  on  the  Inside 
and  3  ft  In  height,  which  Incased  an  oak  block  18x16x18  Ina  on  to 
the  bottom  of  which  six  thlckneeses  of  rope  and  four  layers  of 
rubber  belting  were  nailed.  The  cushion  bead  was  held  In  plac« 
In  the  Kins  of  the  machine  by  four  perpendicular  pieces  of  oak  on 
the  outside  ot  the  cottar  and  bolted  through  the  Incased  oak  block. 
A  25-hp.  Lambert  engine  was  used  and  a  single  block  (or  holatlns 
and  churning  the  pilea 

The  water  for  Jetting  was  furnished  through  a  2H-ln.  Bay  Sta,t« 
bose.  using  a  compound  piston  pump  having  TxlS-ln.  high  pressure, 
and  12xl!-in.  low  pressure  cylinders,  and  a  capacity  of  100  gallons 
per  minute.  This  was  the  most  unsatisfactory  part  of  the  entlr« 
work,  the  water  pressure  being  Invariable  and  uncertain  and  HE  Iba. 
the  limit  of  pressure  obtainable  at  the  pump. 

Drivino  PUet. — The  usual  process  of  driving  coBslsted,  after 
moving  the  pile  driver.  In  hooking  and  dragging  the  pile  and  lifting 
It  to  place  and  attaching  the  hose,  or  attaching  the  hose  first  and 
then  hoisting. 

As  already  shown  tbe  casting  of  the  plies  with  tips  and  butta 
alternating  is  economical  of  space,  but  where  the  piles  are  cast  bo 
as  to  be  handled  directly  by  the  pile  driver,  without  any  Inter- 
mediate handling.  It  Is  beat  to  cast  them  all  with  the  butts  toward 
the  machine  on  account  of  the  saving  of  time  In  getting  the  plla 
Into  the  gins  of  the  machine.  When  the  pile  Is  cast  with  the  butt 
end  toward  the  machine  the  plie  can  be  lifted  directly  into  the  gins, 
while,  when  tbe  pile  Is  cast  with  the  tip  end  towards  tbe  machine. 
It  must  be  chained  and  dragged  in  front  ot  the  machine  before  It 
can  tie  hooked  In  the  usual  manner  and  lifted  to  place. 

Care-  must  be  taken  whan  making  tbe  pils  to  place  the  hook  for 
hoisting  In  relation  to  the  projecting  noiile  for  Jetting  hi  that  tlM 
hoisting  rope  will  not  foul  the  hose  when  the  pile  Is  tielng  raised 
Into  position.  To  facilitate  setting  tbs  pile  Into  the  gins,  a  crutcdl 
of  l-ln.  Iron  was  made  with  a  tZxlZ-in.  square  key  at  ona  end  wltlt 
a  long  handle  to  replace  the  peevy  or  cant  dog  ordinarily  used  lor 
wood  pllea  Aa  soon  as  tbe  bose  was  attached  and  the  pipe  in  placsk 
the  water  was  turned  on  and  the  pile  usually  penetrated  for  a  short 
distance  without  the  hammer.  The  hammer  was  then 'placed  on 
the  cushion  and  the  pile  sank  further  to  a  depth  depending  upon 
the  nature  of  the  fill.  Next  the  hammer  was  attached  to  the  pll« 
with  a  chain  and  the  churning  commenced.    There  was  enough  plajr 
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Id  tbe  chain  connection  between  the  hammer  (ud  Uie  pile  to  give 
ilKiut  a  It-ln.  blow  of  the  hammer  each  time  the  pile  waa  ll[te<L 
When  (hie  chDnilns  became  Inellectlve.  the  chain  waa  diaeDBaged 
end  Un  pile  was  driven  with  blows  In  the  uaual  manner. 

OlHO    ON   Piu  DBITDfa. 

I  lareman,  at  |D.50  per  hr f  4.00 

1  SDglneman.  at  tO.SO  per  hr 4.00 

1  pump  man,  at  lO.ii 2,00 

7  men,  at  I2.B0  per  g  hr«. 17.B0 

Total  gang  per  8  hra. 1ST. 50 

Id  addition  to  this  gang  i  carpenter!  were  called  In  occaalonally 
tor  repairs,  and  2  other  laborers  were  busy  moM  of  the  time  In 
ounectlon  wltb  cutting  off  piles,  digging  holea  and  odd  work, 

OroM  r(me»  Driving. — For  convenient  reference  grow  times  driv- 
ing piles  are  tabulated  In  Table  I  (not  reproduced  here)  together 
vHh  loroe  of  the  more  Important  details.  The  times,  for  example. 
»ra  separated  Into  "Moving  Driver,"  'Tlaclng  Pile,"  "Driving"  and 
"Delays;"  and  the  "Number  of  Blows,"  the  "Hange  in  Drop"  of 
hammer,  and  the  drop  and  penetration  under  "Last  Blow"  are  also 

The  total  average  time  per  pile .  la  Z  hra.  and  IG  mins,,  of 
which  :S  mIns.  Is  moving  driver,  23  mlns.  placing  pile  and  S3 
mini,  driving  (not  Including  27  mina.  delays  from  various  causes). 
This  corresponda  to  an  average  of  3%  plies  per  8  hrs,,  which  agrees 
with  the  time  that  can  be  figured  directly  from  the  beginning  to 
cod  of  the  job.  As  (he  men  became  more  expert  In  moving  the 
driver  and  placing  the  piles.  It  was  poBSllile  to  reduce  the  time  to 
IK  hra..  aa  shown  by  the  average  during  the  last  tour  days.  Even 
this  Includes  about  one-balf  hour  moving  pile  driver,  which  was 
xoneceasarlly  long  because  of  Imperfect  rolls. 

The  time  driving  was  greatly  Increased  by  the  poor  water  preS' 
nirft  Taking  an  average  of  Ifl  piles  whose  time  was  less  than  80 
mlns,  and  which,  therefore,  might  be  assumed  to  have  gone  down 
(airly  well,  the  time  during  the  driving  was  M  mine.,  Ihus  giving  a 
total  o(  1  hr,  and  2i  mlna  per  pile,  or  G,75  piles  per  day  instead  of 
i,S>  piles  per  day. 

It  therefore  may  be  assumed  on  another  Job  of  similar  character 
(hat  an  average  of  at  least  E%  pllea  may  be  driven  per  day.  By 
using  perfect  rolls,  molding  piles  with  butts  toward  pile  driver, 
and  QBliiK  good  water  pressure,  this  number  may  be  still  further 
Increased.  From  a  study  of  the  individual  Items,  times  may  be 
•riected  and  estimatea  made  which  will  apply  to  other  locations  and 
sther  etHiditiona 

Bach  pile  received  an  average  of  ES9  blows. 

Intlancet  of  Hard  Driving. — One  of  the  first  piles  that  Was  driven 
probably  struck  a.  large  bowlder  at  18  fL  below  the  surface.  The 
pDe  was  given  T3E  blows,  using  drops  of  the  hammer  of  from 
IS  to  id  In.  At  tbls  stage  tite  head  was  so  badly  crushed  that  the 
driving  was  stopped  and  the  projecting  portion  of  the  pile  cut  off. 
To  Bee  what  effei^.thls  tremendous  pounding  with  a  1,T00-lb.  hammer 
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had  on  the  pile,  after  aquarlnK  oft  the  cniahecl  hmd  It  waa  Mnt  to 
the  Watertown  Arsenal  to  be  teued.  The  Araeoal  report  wu  u 
(oUowa ; 

TISTB  BI  COHPBBSBroN,  CONCUm  PlLB  NO.  13,811. 

Length,  9  ft.  3   Ins. 

Slie  of  butt.  12.9  Ina  by  13, T5  Ini. 

SIse  of  Up,  11. IB  Ena.  by  11. JB  Ina 

Weight,  1,468  Iba 

CroBB- sectional  area  (omaller  end),  128.59  an.  Ins. 

Ultimate  strenKth,  *9T,000  lbs.  =  3,885  Iba  per  sq.  In. 

Remarks.— Pile  failed  at  smaller  end,  opening  oblique  and  longi- 
tudinal cmcka 

Att«ntlon  should  be  called  to  the  fact  that  the  D>le  failed  at  tbt 
smaller  end  and  not  at  the  end  receiving  the  hammer  blows.  This 
Indicates  that  the  pile  was  not  materially  damaged  by  the  severe 
hammering  It  received,  except  at  the  Immediate  point  of  contact 
An  examination  of  tests  of  reinforced  columns  at  the  Watertown 
Arsenal  ahows,  for  columns  of  the  same  proportions  of  concrete  snd 
same  age,  and  reinforced  wllh  four  longitudinal  rods  varying  fran 
%  In.  to  IK  Ins.  a  range  of  2,000  to  3.000  Iba  per  sq.  In.  based  oa 
the  total  cross  section  of  the  concrete  and  steel.  It  will,  therefor*, 
ig  the  severe  treatment  of   the  pile  In 


appreciably  affected  by  the  driving  or  by  the  crushloc 
of  the  head. 

Coat.— The  cost  of  the  materials  and  the  labor  are  tabulated  In 
detail  In  Table  XI.  The  labor  costs  are  taken  tram  the  tlraekeeper'i 
record,  but  are  sufficiently  subdivided  to  be  useful  for  other  Jobs 
of  a  different  character.  The  Items  vrhlch  vary  directly  with  the 
number  of  piles  are  separated  from  the  costa  which  are  Indepeodenl 
Of  the  number  of  piles,  but  must  be  applied  to  any  Job  as  a  constMIt 
expensK    Only  a  few  Items  depend  upon  the  character  of  the  ground. 

The  lumber  for  the  forms  (except  the  platform)  la  osMmMl  to 
be  a  constant  for  any  Job,  because  It  can  be  used  over  and  «vw. 
The  Rise  of  the  platform  must  vary  with  the  number  of  plies. 

The  pile  driver  for  any  one  Job  Is  flgured  at  2E  p«r  cent  of  the 
Initial  cost  tor  depreciation  and  Interest,  but  the  cost  ot  repair*  Is 
Included  In  the  items  which  vary  with  the  number  of  pilaa 

The  costs  which  are  variable  are  given  per  linear  foot  of  pM 
tor  subsequent  use.  It  will  be  seen  that  the  total  cost  per  linear 
toot  of  pile  on  this  particular  Job  was  about  |1.$J.  It  tbe  leoxth 
of  piles  dISered  greatly  trom  those  given.  It  might  be  nec«asftiT 
still  furth«r  to  separate  the  cost  to  provide  for  thia 

A  study  of  the  various  Items  taken  In  connection  with  a  study 
of  the  detail  times  suggests  various  places  where  the  cost  may 
be  altered  for  other  Jobs. 

For  example,  an  Inspection  of  the  costs  riiows  that  the  cost  of 
the  reinforcing  steel  Is  over  one-third  the  cost  of  the  pllea,  From 
the  fact  that  piles  withstood  the  severe  usage  given  by  the  plla 
driving,  It  Is  probable,  If  ths  piles  are  not  over  tO  (t  tong,  that 
K-la.   Mcel   Instead  of   %-ln.  could   be  used  tor   the  oomer  rodk 
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Tabu  XL — Cost  of  Dbivinq  Pusb  on  B.  W.  H.  *  &.  Cohpant  Jok 

Per  lin.  ft. 

Total,     ol  pile. 

(1)  MDOft.  B.  U.  planklorplaUonne  tO-3B.1,.t       il.SD  t0.O258 

(Lumber  cobC  (2i  p«r  thouiiuid  and  asdumM 

U>  ba  used  for  lour  times.) 

(t>  atO  fL  B.  H.  for  ctuunfer  «  ISO lO.tO     O.OOII 

(9)  26  lb.  Bpikes  for  nlatfonu  &  .03 

U>  20  1b.  Bd.  O  .OS : 

(i)  8  lb.  4d.   3  .04 1.91     0.0011 

ma  cniBhed  Btooo  O   11.60 Tt.OO     D.0G12 

yd.  Band   &   |1.00 1S.5D     0.0129 

,  .    .-,.  bbL  cement   8    tl.Si 1ZS.49     0.0Se4 

(»  I9i  pea.  %  In.  by  30  comiEated  barai  1G.333 

lb.,    O  1.S&C 40S.32     e.24T0 

(10)  14^-tiL  bars,  by  18  piles  by  E  tl.  0  In.,  1,»S8 

lb,   O    J.OOo 68.74      0.0401 

(11)  8,110  fL  No.  14  Wire,  lfi3  1/5  lb.,   &   tO.04U  T.S4     O.ODEO 
CU)  4  pea.  ti-ln.  bara  by  '        ■      ■      -  '        - 

480  ft.  =  408  Iba, 


(i)  60  t. 
(lj   IS^ 


4  pea  ^-In.  barfl  by  48  piles  by  3  f 


(11)  48  2-la.  nlpplea.  12  In.  long,  &   tO.lS 1.20  O.004» 

(11)  a  2-ln.  by  IM-ln-  ells,  @  lO.IS S.TS  0.003) 

(IS)  1,410  It.  g.  L  pipe  e  13.51  per  100 60.66  0.0348 

(It)  18  booHa,   e    80.25 12.00  0.0082 

(IJ)  Beading  and   placing   reinforcement 132.83  0.0838 

(18)  Labor  on  pile  platform 33.03  0.0326 

(1»)  Labor   on  forma 83.78  0.0B72 

(20)  Labor  on  concrete 111.07  0.075t 

(21)  Superintendence     31.30  0.0213 

(32)  Pile  driving  labor 399.4a'  0.272!t 

(11)  CutliDK  Blot  In  tip  of  pile 3.00  0.0020 

(21)  Repairs  to  pUe  driver  and  cushion 22.40  0.0162r 

(2Si  Cutting  off  broken  piles 23.81  O.OlBlt 

CM)  Rent  of  engine 30.00  0.0207 

(17)  Superintendence 42.00  0.028«t 

Total  coat (1,731.17 

Cost  per  ft.  varying  With  number  and  length 

of   piles 81.1705 

Ilemt  Cotutanf  for  Bach  Job. 

lU}  3,800  (LRU.  plank  for  pile  sides  @  36.4...!  17.60 

(23)  300  fL  B.  M.  plank  for  ends  9  t26 7.60 

(1*)  Pile  driver  25%  of  8108.21 49.66 

(jn  Geltlns  ready,  2  days,  Q  830 60.00 

(13)  Teaming,  pile  driver,  etc 34.56 

(H)  Removing    driver 34.61 

Total  coat  per  Job t    303.71      0.1331 

Total  estimated  net  coat  per  tin.  ft.  Job  has  48  piles  (1.3039 

Add  25%  for  pumping,  connecUona.   contingencies 
and  profit .3274 

|i.es 

*Aftar  deductins  180  assumed  as  constant  "getting;  ready." 
tOnly  itODB  affected  by  character  of  ground. 

with  extra  reinforcement  near  the  butt,  as  In  the  present  case.  The 
■■e  of  these  rods  can  be  determined  by  figuring  the  stress  In  them 
flnrfng;  the  process  of  ralalng  the  pile  to  place.  The  pile  is  then 
a  beam  aupported  at  the  enda  and  carrying  Ita  own  weight,  Vhlch 
oust  at  laast   be  doubled  to  provide  for  swaying  incident  to   the 
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faJslns.     The  con  of  (he  Item  of  ateel  and  labor  would   In  niL'h 
caaoB  be  varied  accordingly. 

Th»  labor  on  concrete  appears  large,  and  mlKht  probably  M 
raduced  on  another  similar  Jab  from  $111:  to  about  tT4.  ThU  li 
hnnnd  on  the  fact  that,  while  on  the  av«vxe  only  <  piles  wen 
made,  toward  the  latter  part  of  the  making  9  piles  were  made 
on  one  day  and  10  piles  on  another,  so  that  an  averaEe  ol  S  piles 
should  be  possible  with  the  given  gang.  This  la  especially  probable 
because  the  cost  of  making  and  placing  the  concrete  was  (z.SS  per 
pile,  or  t2.ZE  per  cu.  yd.,  wheroas  the  writer's  data  on  hand  mixing 
Indicate  that  the  cost  should  not  have  exceeded  fl-GO  per  yd. 

With  reference  to  the  time  and  cost  ol  the  driving,  U  must  b« 
taken  Into  consi  Herat  Ion  that  the  Job  was  a  small  one,  only  4S  piles 
being  needed ;  Chat  the  work  was  ot  an  untried  character ;  and  also 
that  the  conditions  were  unfavorably  especially  as  regards  the  water 
preSHure.  On  a  large  Job,  In  ordinary  ground,  where  large  stones 
or  obstrucliuns  are  not  likely  to  be  encountered,  the  number  of 
piles  driven  per  day  should  be  greatly  Increased.  A  study  of  tbe 
detail  log  of  the  driving  tcala  and  a  comparison  of  these  times  with 
detail  records  taken  on  other  Jobs.  Indicate  that  tha  average  time  per 
pile  driven  with  the  aid  ot  a  water  Jet  may  be  easIlT  reduced  to 
one  hour,  while  If  the  ground  Is  very  aofc,  the  average  time  per  pile. 
Inchidlng  the  moving  o(  the  driver,  need  not  be  over  40  mlna 
One  hour  per  pile  corresponds  to  B  piles  per  elght^hour  day.  Instead 
ot  3'^  piles  per  day.  The  eMImeted  time  on  the  Iteou  near  the 
foot  of  the  cost  table,  which  Is  Inversely  proportional  to  the  total 
number  of  piles  given,  would  be  decreaned  on  a  Job  having  :M 
piles  from  10,139  to  JO. 035  per  foot  of  pile.  This,  together  with 
the  reductions  noted  above,  and  the  assumption  of  8  piles  driven 
per  eight  naurs.  would  bring  the  estimated  cost  per  linear  foot 
down  to  %1  net.  or.  with  £5  per  cent  allowance  for  pump  hose 
connections.  Incidentals  and  prorits^  to  »1.2S  per  linear  foot.  In  soft 
ground,  and  where  conditions  are  specially  favorable,  a  still  lov 
•stimate  Is  possible. 

A   (ew  of   ihc   Items,   such  as   the   nipples  and   short   bars,   s 
constant  per  pile,    that   la,  are  Independent   of  tbe    lengths   ot   t.. 
pile,    so   that    in   a   close  eatlmiile  for   longer   or   shorter   piles  they 
should  be  Bcpnmted  out  or  allowed  for  by  Inspection. 

As  It  assumed  In  the  estimate  In  the  bisl  column  that  G%  pIlM 
are  driven  In  S  hrs.,  the  loul  cost  for  harder  or  softer  ground 
can  be  ei-tlmuted  by  araumlng  the  number  of  piles  to  be  dr 
per  day  and  varying  the  items  marked  with  a  f  accordingly. 

Records  of  b1\  of  the  Ij-piml  piles  are  plotted  and  the  curvet 
are  shown  on  the  diagram   (Fig.   ID), 

The  full  cune.  In  Fig.  10  sliow  the  portion  of  tho  driving  WhW* 
the  water  prrsmire  wns  on  and  the  dolled  lines  the  driving  aftst 
U  had  b«.n  cut  off  by  the  fllllng  of  the  pU»  ai  the  tip  of  tbe  plla 
This  stoppage  was  not  necessarily  due  to  the  destgn  of  the  pile  oi 
to  the  method  of  driving,  but  chiefly  to  the  InsufBelent  capacity  ol 
the  pump. 

The  naltenlng  out  of  Ih*  curves  Indicates  dlRcultlea  In   drlvloi, 
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Pl»  10.— R«cgrda  ot  Pile  Driviac. 
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unulljr  b«cauM  of  the  poor  water  preaaare.  In  eertaJu  eutea  trreih 
ularltlei  Indicate  the  atrlklns  of  obstruction^  utd  irtMD  the  pU*  la 
allKhtly  Jerked  Kro<">d  la  loM  laatead  of  gained. 

Currea  of  piles  S,  f  and  Y  are  given  to  diow  good  drtvliv  tba 
tireanire  remaining  oa  moat  of  the  time,  and  the  total  net  tlma, 
omitting  all  unneceasary  delays,  being  from  2t  to  ID  mina. 

PIlea  V  and  7  ahow  also  that  If  ».  greater  drop  of  hammer  had 
been  used  at  the  atart  they  would  probably  have  approached  nearer 
the  ». 

In  driving  pile  S  at  24-ft.  depth,  the  hcunnler  was  allowed  luat  to 
tap  the  top  of  the  pile  with  no  impact,  and  the  pile  being  allghtly 
churned,  the  loss  of  proBresH  la  shown  by  alight  drop  In  curva  Then 
by  Increasing  (he  height  of  the  blow  it  started  down  agala.  TIOMw  21 
mIna.  with  118  blowa 

On  pile  F  they  Ural  began  Jerking  the  pile  after  each  blow,  and 
this  method  appears  to  be  effective  provided  ground  la  aott  enou^ 
actually  to  lift  pile  readily.  In  hard  ground  It  la  Ineffective.  Dro) 
of  hammer  was  Increased  (rom  0.5  to  finally  t  tL  Time  drlvlne 
24  minutes  with  ISE  blows. 

Pile  Y  waa  not  churned  or  lifted  after  flrat  blow  or  two,  but 
went  down  with  light  blowa  Thne,  30  mine.,  Z!S  blowa  Praa. 
sure  good. 

The  curve  of  pile  B  is  given  to  Illustrate  hard  driving,  due  to 
lack  of  water  pressure.  The  water  pressure  stopped  at  ll^-fL,  as 
shown  by  the  sudden  break  In  curve  at  this  point.  Total  tlma 
driving  pile  was  83  mIna.  with  89S  blows. 

In  the  curve  of  pile  O  there  Is  an  Intereating  break  at  the  depth 
of  about  20  ft-,  where  an  effort  was  made  to  assist  the  pile  bjr 
churning  or  Jerking,  and  ground  was  lost  by  doing  so.  and  tha 
pipe  waa  alao  allowed  to  plug.  As  soon  as  the  hammer  waa  allowad 
to  drop  In  the  usual  way  the  penetration  Iwgan  again,  but  f<T  bloira 
and  70  mlna  by  net  time  were  required  to  carry  It  to  Ita  full 
depth.  At  a  depth  of  2^  ft  an  obstruction  was  met.  as  Indicated 
by  the  curve,  and  a  amall  broken  piece  of  timber  came  up  beside  tha 
pile.  Another  reaaon  for  tha  flat  curve  of  pile  O  la  that  the  ground 
waa  unusually  hard. 

Pile  IT  waa  driven  In  on  experimental  faahlon  to  determine  tha 
effect  of  the  Jerk  at  the  end  of  each  blow.  The  curve  la  uniform 
throughout,  showing  that  thla  Jerk  la  abaolutely  Ineffective  In  hard 
ground.  In  this  pile,  as  noticed,  the  height  of  drop  waa  incraaaad 
to  SVi  ft 

Coat  or  Reinforced  Concrete  Piles  for  an  Ocean  PIsr.*— In  ra- 
eonstructlng  In  reinforced  concrete  the  eld  steel  pier  at  Atlantic 
City,  N.  J.,  some  118  reinforced  concrete  piles  IZ  Ina  In  diamatv 
were  molded  in  air  and  sunk  by  Jetting.  The  piles  varied  In  length 
with  the  depth  ot  the  water,  the  longest  being  I4H  ft  nwtr  coa- 
atructlon  la  ahown  by  the  accompanying  drawing  (for  these  draw- 
ings ae«  Olllelte  and  Hill's   "Concrete  Construction"),   which  also 

CoMtroeHa^,  Nov.  ZB,  igoa. 
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■bo*  th«  floor  gtrdera  carried  by  each  pair  o[  piles  and  forming 
•nth  tbetn  a  bent,  snd  the  Btruts  braclDK  the  bents  tOKether.  In 
moldlns  and  drtvlns  tbe  plies  the  old  steel  pier  was  used  as  a 
worklDg  platform. 

The  fonnB  tor  the  piles  were  set  on  end  on  nnall  pile  platforms 
located  close  to  (he  poslUona  to  l>e  occupied  by  the  piles  and  were 
■iraced  to  the  old  pier.  The  forms  were  of  wood  and  the  bulb 
point  the  shaft  and  the  knee  braces  Were  molded  In  one  piece. 
Bound  Iron  rods  were  used  for  relnforcenumt.  The  concrete  Was 
composed  of  1  part  Vulcanite  Portland  cement,  2  partii  of  fine  and 
coarse  toad  mixed  and  1  parts  of  gravel  1  In.  and  under  In  size. 
The  mixture  was  made  wet  and  was  puddled  Into  the  farms  with 
bamboo  flshlnff  rods,  which  proved  very  efflclent  In  working  the 
mixture  around  the  reinforcing  rods  and  In  getting  a  icood  mortar 
wrtace.  The  concrete  was  placed  In  small  quantities ;  It  was  mostly 
«11  hand  mixed.  The  forms  were  removed  In  from  6  to  T  days, 
depeodlng  on  the  weather. 

The  piles  were  planned  to  be  sunk  by  water  Jet  and  to  this 
snd  bad  molded  In  them  a.  S-ln.  Jet  pipe  as  shown.  They  were  sunk 
to  depths  of  from  8  (t  to  14  fL  Into  the  beach  sand.  Water  from 
the  dCy  water  mains  at  a  pressure  of  <E  lbs.  per  an.  In.  was  used 
for  Jetting;  thla  water  was  furnished  under  special  ordinance  at  a 
price  of  tl  per  pile,  and  a  record  of  the  aniount  used  per  pile  was 
not  kept.  The  piles  were  swung  from  the  molding  platforms  anil 
•et  by  derricks  and  block  and  falL  The  progress  of  Jetting  varied 
greatly  owing  to  obstructions  In  places  In  the  shape  of  logs,  old 
tron  plpe%  etc  In  some  chbcb  several  days  were  required  to  gel  rid 
of  a  single  pipe.  In  clear  sand,  with  no  obstructions,  a  12-in.  pile 
«ould  be  Jetted  down  at  the  rale  of  about  i  fL  per  hour,  working  1 
foreman  and  t  men.  The  following  Is  the  Itemlxed  actual  cost  of 
molding  and  sinking  a  it-tu  pile  with  bulb  point  and  knee  braces 
complete: 

Coat  per 
Form*.  Total,      pile. 

Lumber.  S40  ft.  B.  H.  O  ISO IIO.ZO       .... 

I^Urar  (carpenters  &  ii.Sll  per  day) lE.OO      .... 

Oil,  Dftllfl,  oakum,  buta,  clamps,  etc l.ZD      .... 

)23.40  I   S.S* 

Tim««  naad C     .... 

IMnforetment. 
ITS  Iba  of  plain  K-tn.  steel  rods  9  1  eta. 

per  lb t  E.60       .... 

Preparing  and  setting,  4/10  cl.  per  lb. 1.10       «.B* 

Jet  Pipe. 
"•'   -u  of  a-In.  pipe  e>  10  ctB.  per  ft  In 


!»Mift.  I 


BirlUng  Forma. 
I  men  &  fz.GO  per  day  =  tlB.  set  4  plies 
Uaterial 


>0/10>  cu.  yda  gTATel  «  li.GO  i 
41/101)  cu.  yds.  sand  s  ti.EO  p 
1.S0  bbla  cement  6   fl.M..... 
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Concrete  and  labor  (oreman 3.M      .... 

•  laborers,  mlitng  and  plsclns  by  hand. 
tl-7S  each i».tg     

113.50  t  S.SS 
Average  number  oC  piles  concreted  per  day         1      .... 

t  men  O   fz.^o  reiiiora  and  clean  In  half 

day    4   columna l.W 

1    man    9    |2.ZG    plasterlHK  column    With 

cement  grout  (4  per  day) Bt 

JetHng  IQ  ft.  tiUo  Band. 

Foreman t  <.00      

4    men.    t^.SE    each,    handling   hose   and 

traTeler }.00      .... 

f  13-00  I  S.00 

Average  number  of  piles  Jetted  par  day 4      .... 

City   water   pressure   used   (or  letting    9 

tl.OO  per  pile l.W 

Superintendence  0  tB.OO  per  day l.IG 

Caring  tor  trestle,  traveler,  material,  etc.      . . .       4.B4 

Total  com  per  pile |S(.SO 

The  pile  being  SS  ft.  long,  the  cost  In  place  was  tl.41  per  foot. 
Subtracting  the  coat  ot  sinking,  amounting  to  fT.OS  per  pile,  we  have 
the  coat  Of  a  2E-fL  pile  molded  and  ready  to  sink  coming  to  about 
11,10  per  f<Kit  It  should  be  noted  that  this  is  the  cost  for  a  pile 
ot  rather  complicated  construction;  a  plain  cylindrical  pile  should  be 
leas  expenslTe. 

Ihirtng  ft  Tlslt  to  Atlantic  City  one  of  the  editors  of  this  Journal 
took  occasion  to  examine  closely  these  12-ln.  pUea  They  were 
then  about  four  or  Ave  months  old,  and  Were  In  alt  respects  sa 
sound  and  smooth  examples  of  concrete  work  as  could  be  wished. 
The  surface  texture  of  the  piles  was  notably  eood ;  the  piles  appeared 
to  have  a  surface  film  or  skin  which  he  then  took  to  be  some  saline 
Incrustation  coming  from  the  sea  water.  A  statement  since  received 
from  Hr.  D.  A.  Keefe  Consulting  Engineer,  Athens.  Pa.,  who  wai 
resident  engineer  of  the  pier  work,  and  to  whom  we  are  Indebted 
lor  the  figures  of  cost  given  above,  mentions  that  the  piles  are  cov- 
ered with  a  cooling  of  organic  and  Inorganic  nature  which  nils  the 
pores  of  the  concrete  and  will  In  time  form  a  coating  ot  con^derabli 
thickness  which  should  have  the  ellect  of  shutting  out  the  aea  water 
and  preventing  any  disintegration.  In  conclusion,  It  should  be  noted 
that  the  design  of  the  concrete  steel  work  employed  In  reconstruet- 
InK  this  pier  was  worked  out  by  the  Concrete  Steel  Bngtneering  Co>, 
of  New  York  City,  and  that  the  contractors  for  the  work  were  C.  W. 
Snyder  A  Co.,  of  Atlantic  City,  N.  J. 

dost  of  a  Reinforced  Concrete  Pile  Diks.*— The  work  described 
Is  \  reinforced  concrete  pile  dike  built  opposite  St.  Joseph.  Ma., 
on  the  UISBOurl  River  Improvement  work.  This  is  the  flrat  dike  ot 
reinforced  concrete  to  be  conslmcted  on   the  Missouri  River  and 
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ft  ft  betUr  and  iiiot*  dDrftblo  atmctur* 
tluui  li  provided  by  the  usual  timber  pile  dike  bavins  a  Ute  of  tram 
T  to  It  yeara  '  Several  plana  were  conildered  and  are  described  bj 
Hal  Edward  H.  Bchuli. 

The  plana  conaidered  bcaldea  the  one  adopted  were;  (1)  Sinking 
a  core  with  shell,  withdrawlDX  core,  and  flllins  the  shell  wltb 
coocTMei  It)  casting  the  pile  in  place,  the  tonn  being  gradualljr 
rsmoved  as  the  flUing  proceeds;  (1)  roiling  and  making  the  pil« 
tm  Ibe  ground  by  special  machine.  The  adopted  plan  was  to  um 
cut  piles  o(  rectangular  or  octagonal  section  and  to  drive  them 
br  hamoier  and  water  Jet  combined.  Bids  were  asked  for  aupervia- 
Ing  the  work  and  fumiahlog  forma  and  reinforcement,  the  Oovem- 
Dwnt  to  tumiah  all  otber  materials,  to  make  the  plies  and  to  drive 
(hen.    The  lowest  bid  was  80  eta  per  lln.  CL  of  pile. 

Tb«  dike  atructnre  consists  of  S-pIle  bents  connectad  at  tops  of 
PUea  and  at  about  water  level  with  borliontal  iranaverae  and  longi- 
tudinal bracea  The  lenglh  of  the  dike  la  ISO  ft.,  of  wbich  10  ft 
11  the  shore  end  constats  of  timber  piles.  A  length  of  110  ft.  was 
coutructad  ol  concrete  pilaH.  The  bracing  waa  all  wood  except  In 
two  panels,  where  aa  an  experiment  concrete  braces  were  used. 
The  total  number  at  concrete  piles  was  SB.  varying  in  length  from  S3 
to  EO  It.,  and  having  a  total  length  ot  1,1ET  lln.  ft.  The  piles  were 
14  loi.  square  at  top  and  S  ina.  aquare  at  the  point  ICoch  was 
reinforced  with  *  l-ln.  bars  tied  every  18  Ina  with  1 14 -In.  bara  The 
concrete  was  a  1:2:4  mixture,  using  Ash  Qrove  Portland  cement 
ud  l-ln.  stone.  The  piles  were  driven  at  the  age  of  ID  days;  the 
average  penetration  waa  21  ft 

Tbe  pilea  were  cast  on  a  foreshore  at  an  elevation  of  about  6  ft 
above  the  deck  of  a.  barge  In  the  river.  Skida  were  placed  trom 
(hs  foreshore  to  the  barge,  and  aa  the  forma  were  removed  tbe  pilea 
were  slid  on-board,  somewhat  similar  to  the  handling  of  wooden 
timbers  of  like  alse.  The  approximate  weight  of  a  60-ft  pile  is 
8,7)0  lbs: 

On  account  of  the  exceaalve  weight  of  tbeae  piles  over  wooden 
Piles  at  the  same  length,  wire  cable  was  used,  using  n  alngle  and 
doable  block  for  Increasing  the  purctiaae.  The  hitch  for  ralBlng  the 
luad  of  the  pile  was  placed  about  B  It  from  head.  The  ordinary 
VUs  line  waa  used  to  raise  the  point  of  pile,  the  sling  being  placed 
a.bout  IS  ft  from  the  small  end  of  pile.  This  arrangement  takes 
Uie  spring  out  of  the  pile.  The  catenary  of  a  BO-ft  pile  !•  about 
£  Ina  without  Injury  to  pile. 

A  device,  known  as  a  guide,  was  placed  around  the  pile  near  the 
liead  In  such  manner  oa  to  hold  the  pile  squarely  in  the  leada  The 
pump  used  waa  a  single  cylinder,  double  action,  S-ln.  saction,  8-ln. 
lU-ln.  nozxle,  BO  strokes  per  mln.,  and  80  Iba  steam  prea- 
A  piece  of  lU-ln.  pipe  was  placed  In  the  end  of  the  pile,  to 
Which  tbe  Jet  waa  attached.  Other  than  this  the  method  ot  sinking 
waa  the  same  aa  for  wooden  plies  of  like  sixe. 

The  piles  were  driven  near  shore,  where  unuauat  dUBcultlee  ex- 
lited,  due  to  parts  ot  old  dike  and  rock  burled  tn  river  bed.    Under 
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normal  condlUonB.  where  only  sand  la  encountered,  the  pile  wu 
letted  in  1  to  E>  miuB. ;  no  hammer  waa  used,  but  occasioiialljr  the 
pUo  itself  waa  lifted  and  dropped  to  haaten  the  wotIl  .It  1*  b«Ueved 
B.  JudlclouB  use  ot  Jet  and  bamtner  will  be  found  advisable  for  future 

This  dike  was  examined  after  going  through  an  [c«  and  Oood 
season  and  was  found  (□  have  stood  verr  satisfactorilr.  Not  a  pile 
or  concrete  brace  was  Injured,  though  several  wooden  braces  were 
broken.  Should  results  continue  with  similar  success,  It  Is  probktde 
that  concrete  dikes  will  receive  serious  consideration  as  a  permantnt 
substitute  for  timber  piles  on  river  regulation. 
The  cast  of  tlie  dike  was  as  follows: 

Per 
Item.  Total.        IUl  ft 

Supervising,  farms  and  steel  rods 11,100.00     I0.8III 

86K  bbla  cement  at  %i.iS 108.44       O.0T4S 

GB.B  tons  crushed  stone  at  tl.30 li.ST        0.04*8 

—     1.  yds.  sand  at  SO  cts... .  "  '" 


IIT.DO 
2ST.70 


ig  piles. 

lAbor  driving  piles. . 

Total    fl.9-n.Zl     f  l-tt66 

In  regard  to  these  figures  Ur.  Bchuls  sara :  "The  actual  cost,  de- 
ducting profit  of  contractor  and  cost  of  special  supervision,  would  ba 
tl  per  ft  On  extensive  work  this  could  probably  be  reduced  to 
40  cla  per  Un.  ft.  of  pile,  as  compared  to  10  cts.  for  long-leaf  yel- 
low pine." 

Cost  of  Raymond  Concrete  Piles.* — The  following  flgures  of  the 
COM  of  constructing  concrete  piles  by  the  Raymond  process  have 
been  computed  from  records  obtained  in  constructing  the  pile  founda- 
tions for  the  concrete  laundry  building  of  O.  U  Hooper  A  Sons;  ot 
Salem,  Uasa  The  building  is  ot  concrete  throughout  the  Walls 
being  of  concrete  block  and  the  columns,  floors  and  roofs  Of  re- 
inforced concrete.  There  are  tour  stories  and  the  ganersl  dimensIoDS 
are  60x100  It  The  floor  and  wall  loads  are  transferred  to  wall 
columns  and  to  two  rows  of  Interior  columns.  The  mlumns  are 
spaced  14  ft  apart  on  centers  in  one  direction  and  10  ft  In  UM 
other  direction.  Each  column  and  its  tooting  rests  upon  four  con- 
crete piles  spaced  3  ft  apart  on  centers  In  the  form  of  a  square. 
The  wondrels  between  wall  columns  are  reinforced  concrete.  The 
groups  ot  tour  piles  are  each  capped  with  a  concrete  slab  E  ft  <  Ins. 
square  and  H  Ina  thick,  making  the  projection  of  the  capping  be- 
yond the  center  of  the  piles  IE  ina  Bach  pile  was  finished  so  as  to 
allow  a  projection  Into  the  capping  of  t  Ina  A  concrete  chimney, 
48  Ina  In  diameter  and  100  ft  high,  located  at  one  comer  ot  the 
building,  Is  supported  upon  a  group  of  nine  ptlea  Bach  ot  these 
piles  has  embedded  in  it  a  steel  rod  Which  projects  into  the  walls  of 
the  chimney,  forming  an  anchorage. 

As  Arm  bearing  soil  was  soms  distance  below  the  grovn^  idUtt( 
ot  some  sort  was  necessary,  and  wood  pitas  were  orlglnslly  consld- 
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erttd  TbiB  wonld  haye  made  It  necessary  to  cut  off  the  wood  pllaa 
below  low  tide,  a  distance  of  IS  ft.  below  the  level  of  the  ground 
floor,  and  UBlnc  a  large  aniount  of  concrete  tn  the  stepped  footings 
above.  Instead,  concrete  plies  were  used  which  were  cut  oK  G  ft. 
b«low  the  ground  noor.  eftectlng  conslderabte  saving  of  concrete 
foundations.  Another  feature  which  mode  the  use  of  concrete  plies 
deairablB  tn  this  Instance  was  the  fact  that  the  site  of  the  building 
was  formerly  occupied  by  an  old  wharf,  the  timbers  of  which  were 
many  of  them  yet  In  the  ground.  Had  wood  pUee  been  used,  dlfllcul' 
ties  would  probably  have  been  experienced  due  to  the  "broomlns"  of 
the  piles  when  atrllclDg  such  obstructlona  With  the  steel  driving 
form  used  for  the  concrete  piles,  delays  from  this  source  were 
avoided.  The  pilea  are  designed  for  a  load  of  SO  tone  each,  and  each 
takes  the  place  of  two  wooden  piles  In  the  original  design.  They 
are  S  Ins.  In  dUuneter  at  the  small  end  and  have  a  uniform  taper 
each  side  ot  the  center  of  U  In.  to  a  toot,  making  a  Sl-ft  pile  tO  Ins. 
In  diameter  at  the  top. 

In  constructing  concrete  piles  by  the  Raymond  process,  as  many 
«r  our  readers  will  remember,  a  thin  steel  shell  enveloping  a  metal 
core  Is  driven  and  then  the  core  Is  collapsed  and  withdrawn,  leaving 
the  shell,  which  Is  afterwards  filled  with  concrete  In  which  metal 
Is  embedded  If  a  reinforced  pile  is  desired.  In  this  particular  work 
no  reinforcement  was  used  In  the  pilen. 

The  pllea  were  driven  by  means  of  a  No.  2  Vulcan  eteam  hammer, 
with  a  plunger  having  a  weight  of  3.000  lbs.  and  a  fall  of  about  S  ft,, 
delivering  ED  blows  per  mln.  A  steel  driving  form  encased  In  a  shell 
of  about  No.  SO  gage  Iron  was  first  driven  to  the  required  deplh :  tbe 
ateel  driving  form  was  then  withdrawn,  leaving  the  shell  lo  place. 
KOd  the  concrete  afterwards  deposited  In  this  sheU.  A  total  of  ITS 
piles  were  driven,  the  minimum  length  being  14  ft  and  the  maxi- 
mum 3T  ft.,  the  average  being  about  29  ft.  Sixteen  woritlng  days 
were  occupied  In  driving  the  piles  after  the  driver  Was  In  position, 
driving  being  commenced  Aug.  IT  and  completed  Sept  t,  190S.  The 
greatest  number  driven  In  one  day  was  20,  and  the  average  was  II 
piles  per  day.  When  In  position  for  driving  the  average  time  re- 
quired to  complete  driving  was  12  mlna.  The  total  number  of  blows 
varied  from  about  310  to  300.  the  average  being  about  3G0.  The 
piles  were  driven  unlit  the  penetration  produced  by  8  to  10  blows 
eciualled  1  In.  When  In  fuli  operation,  a  crew  of  G  men  operated 
the  pile  driver.  Seven  men  were  engaged  In  making  the  concrete 
and  6  men  working  upon  the  metal  sheila 

Assuming  the  ordinary  orgunlsatlon  and  the  wages  ^ven  below, 
we  have  the  following  labor  cost  per  day : 

t  foreman  at  IS t  G.OO 

1  engineman  at  (3 3.06 

4  laborers  on  driver  at  11. 76 T.OO 

1  laborers  making  concrete  at  tl.TE lO.ED 

e  laborers  handling  sheila  at  fl.TS 8.TE 

Total     t3i.2l 

As  ITZ  piles  averaging  SO  ft  In  length  were  driven  In  11  days, 
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tbe   totaJ    labor   coat   of   driving,   Klven   by    the   flsurea   above,    la 
la  X  I34.2E  =  IE4S.  or  practically  IG  eta  per  lln.  ft.  of  pUe  driven. 

The  concrete  uaed  In  the  piles  woa  a  I :  B :  E  Portland  cement,  aand 
and  1^-ln.  broken  alone  mixture.  A  20-It.  pile  ot  the  section  de- 
•crlbed  above  contains  about  20  cu.  ft.  of  concrete,  or  say  0.7S  cu.  yd. 
We  can  then  flpire  the  co*t  of  concrete  material!  per  pile  as  follows: 

O.SG  bbl.  cement  at  fl.SO tl.tB 

0.3fl  cu.  yd.  sand  at  (1 0.3S 

•  SO  cu.  yd.  stone  at  %l.ii O.IG 

Total  per  pile IJ.47 

The  steel  shell  has  an  area  of  about  T2  aq.  ft,  and  as  No.  20  Kase 
ateel  weighs  1.3  lbs.  per  sq.  ft.,  its  weight  lor  each  pile  was  about 
91  Itw.  Assuming  the  cost  of  coal,  olU  etc..  at  t2.E0  per  day.  we  have 
the  following  mmniBTr  of  costs: 

Per  lln.  ft. 
of  pile. 

Labor  driving  and  concreting tO.16 

Concrete   materials 0.13) 

84  lbs  Bterl  shell  at  3  cts. 0.14E 

Cool,  oil,  etc. 0.011 

Total .|0.41t 

This  cost  does  not  Include  Interest  on  plant,  cost  of  moving  plant 
to  and  from  work  and  general  expenses,  nor  royalty  on  the  Ray- 
mond paten  L 

The  contract  was  awarded  for  a  fixed  number  of  lineal  feet  of  plls 
at  the  rate  of  tl.GO  per  lln.  ft.,  with  a  provision  for  additional 
length  of  piling  to  be  furnished  at  (1-40  per  lln.  ft.,  the  contractors 
providing  all  tools,  machinery,  material  and  labor  required  for  tbe 
work.  The  owners,  through  the  contractor  for  tbe  building  proper, 
made  the  necessary  excavallons  and  provided  dear  and  level  space 
for  the  pile  driver,  braced  ail  trenches. 

For  the  cost  ot  RajTnond  piles  at  another  place,  see  "Concrete 
Construction"  by  Gillette  and  Hill. 

Cost  of  Rolled  Concrete  P1lei.*~-The  abutments  of  the  Chicago 
«  Northwestern  Ry.  bridge  over  the  Hoot  River  at  Racine,  Wis.,  are 
founded  on  relnrorced  concrete  piles  manufactured  by  the  Cbeno- 
weth  rolling  process.  The  cost  of  these  piles  Is  given  by  Ur.  Ll 
C.  Winkelhaus  as  follows:  "The  contract  price  for  these  piles  was 
00  cts.  per  lln.  ft.,  or  |9.00  per  pile  16  ft.  long.  The  rsilway  com- 
pany furnished  all  the  materials,  costing  tt.tS  per  pile,  or  40  eta. 
per  ft.  The  general  contractor  received  60  cts,  per  ft,  for  driving,  or 
%t.  Hence,  the  cost  to  the  railway  company  was  (24.08  per  pile  In 
place,  or  II. GO  per  ft  The  cost  to  the  American  Concrete  Co,  for 
rolling  was  25  cts.  per  ft.,  or  |4  per  pile,  approximately.  Tha 
machine  and  plant  cost  the  concrete  company  about  13,000,  How- 
ever, this  machine  can  be  moved  from  place  to  place  and  used  a 
great  many  times,  as  It  Is  all  trailed  together." 
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The  metbod  of  making  cODcrete  pllei  by  rolllcK.  ontl  deiallea  coat, 
will  bo  found  In  "Concrete  CoD>trucUon"  t>y  Qllletta  and  Hill. 

Coit  of  SImpKx  Pilei.— Mr.  Conslantlne  Bbuman  glvea  tti«  tul- 
lowinK  relative  to  worlt  done  Id  Pittsburg  Id  liOi  : 

One  sane  worlcloK  on  Blmitlex  piles  3D  fL  tons  avaragad  4E0  lln. 
ft.  par  day,  or  IG  pIlMt  but  the  best  day*!  work  was  31  piles,  or 
910  Un.  (L    Tbe  crew  woa  aa  follows;  anil  I  have  assumad  rate  of 

Per  day. 
1  foretnan    (  4.00 

1  englDeman   3.00 

2  winch  head  men,  at  fl.TG t.GO 

3  rlsgere,  at  12.00 4.00 

Total  pile  driver  gang flt.EO 

*  ooncrete  mixers,  at  |1.7g lO.EO 

Total  sane  lil.OO 

Rent  of  drfver  and  apperatQa,  and  fuel IS.DO 

Total,  exclusive  of  materials M^.OO 

Thla  Is  equivalent  to  10  eta  per  lln.  ft 

Tbe  piles  are  17  Ins.  diameter,  compoiod  of  1 :  2U  :  S  mixture. 
There  are  1  .Sa  eu.  ft.  or  0.060  cu.  yd.  per  lln.  ft  of  pile. 

For  description  of  methods  of  making  Simplex  piles  and  the  siw- 
clal  pite  points,  see  Reld's  "Concrete  end  Reinforced  Concrete  Con- 
atructlon." 

Coat  of  Concrete  Oil  Tank.*— Mr.  C.  F.  Leonard  gives  the  fol- 
lowing data:  '   ' 

The  wall  forms  a  building  hoHSIng  a.  circular  steel  oil  tank;  It  Is 
42  ft  Inside  diaroeter,  26  ft  hlgti  and  12  ina  thick.  The  reinforce- 
ment conalsta  of  %-la.  twisted  steel  rods  located  2  Ins.  inside  the  ex- 
terior fftce  and  spaced  apart  from  314  Inn.  at  the  bottom  to  30  Ins. 
«t  tbe  tap.  Vertical  rods  0  ft  apart  around  the  wall  held  the  hoti- 
aonta.1  roda  In  place.  To  tie  the  wall  to  the  bottom  Lrshaped  H-ln. 
rodii  T  ft.  long  were  used,    t^p  spUceH  33  Ina  long  were  employed. 

The  forms  were  made  in  panels  RxS  ft,  of  Ti-in.  spruce  boards 
<  ins.  wide  dressed  on  one  bide  and  both  edges  and  nailed  to  three 
segmoits  of  2  X  12-ln.  plank  cut  to  curve.  For  the  Bret  three  shifts 
the  forms  were  braced  on  both  sldea  A  M-ln.  rope  with  turnbuckles 
was  passed  around  the  steel  tank,  and  the  forms  were  drawn  against 
wadng  blockilt  set  between  the  steet  tank  and  the  Inside  form  and 
also  between  forms,  by  wire  ties  fastened  to  the  wire  rope.  The  out- 
•Ida  panels  were  also  braced  from  the  ground.  Above  this  level 
the  panels  were  held  In  position  by  bolts  through  the  concrete  wall. 

The  ooncrete  for  the  bottom  15  ft.  of  the  wall  was  a  1:2:8W 
1-In.  atone  tnliture ;  above  this  level  the  cement  content  was  re- 
duced. It  was  mixed  wet  by  hand  and  wheeled  up  Inclines  to  the 
tops  of  the  forms.  The  flrst  ring  GK  tt  high,  was  concreted  In  one 
day ;  afterwards  the  forms  were  shifted  for  about  one-third  the  clr- 
cmnference  at  a  time  and  the  concreting  was  done  In  a  spiral  course. 

'BnginteHnii-ContTacUna,  Oct  21,  1908. 
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Oroovad  jolnta  were  made  nhenever  work  wai  stopped.  Pramei  for 
wlpdowa  and  dcx>ra  were  cast  aeparatety  and  set  In  place  e»  tb* 
concretlDK  proKreseed.  The  wall  was  painted  with  two  costs  ot  neat 
cement  both  Inslds  and  outside. 

The  coat  of  the  wall  was  as  follows : 

Cement  at  $1.70  pep  bbl t  S,il 

Sand  at  fl.JG  per  cu.  yd. 0.e« 

Stone  at  tl.iC  per  ton 1.4t 

Labor  at  tl.TB  per  1  bra I.IB 

Reinforcement   l.SB 

Lumber,  nails  and  supplies 1.4< 

Carpentert^    tabor G.IB 

Total |lT.St 

The  cost  of  carpenter  work  was  over  twice  what  It  Aould  have 
been,  owing  to  local  conditions- 
Cost  of  Concrete  Tanks,  References. — See  section  on  WaterworU 
.    for  data  on  this  subject.     Also  see  Chapter  XXI,  Methods  and  Cost 
of  Construction  Ressrvoirs  and  Tanks,  In  Olllette  and  HiU'a  "Con- 
crete Construction." 

Cost  or  Small  Csmsnt  Pipes.*— Mr.  Albert  B.  Wright  la  author 
of  the  fotlowlnK:  The  pipe  dlacusswl  here  waa  6  to  IS  lu. 
Inside,  made  ot  Portland  cement  and  clean,  sharp  sand  of  all 
sizes  up  to  very  coarse.  The  mortar  was  mixed  rather  dry,  but  very 
thoroughly,  using  H.l  cu.  fL  of  sand  to  1  bbL  of  cement,  or  very 
closely  a  1  to  4  mixture.  EYom  six  to  seven  buckets  of  water  were 
used  to  each  ttarrel  ot  cement,  except  for  the  1-ln.  pipe,  for  irtdch 
the  mortar  had  to  be  made  somewhat  atlffer  In  order  to  remova 
the  Inner  form,  which  Is  not  made  collapsible  as  In  the  larger  alMS. 
The  forms  were  sheet  Iron  cylinders  with  a  lotigltudlnal  lap  Joint 
that  could  tic  expanded  after  molding  the  pipe,  and  removed  with- 
out Injuring  the  soft  mortar.  The  Inner  form  was  self-centering, 
so  that  there  was  llltle  variation  In  the  thickness  of  the  pipe. 

Four  men  are  required  In  making  cement  pipe  by  hand :  one  mixes 
the  mortar,  and  wheels  It  to  the  place  of  work ;  another  throws  it 
Into  the  form  a  little  at  a  time  with  a  hand  scoop;  a  third  rams 
It  with  a  tamping  Iron,  and  a  fourth  keeps  the  new  pipe  sprinkled. 
and  applies  a  coat  of  neat  cement  slurry  to  the  Inside  when  It  la 
■uSIclently  hard.  In  molding,  the  form  of  the  bell  at  the  bottom  la 
secured  by  an  Iron  ring  that  la  flrst  dropped  Into  the  form,  and 
the  reverse  or  convex  form  at  the  top  la  made  with  a  second  rlng- 
Whlle  Itlll  In  ita  form  the  pipe  la  rolled  or  lifted  Into  Ita  place  in  the 
drying  yard,  and  the  form  la  Ihen  carefully  removed.  A  very  slight 
blow  In  removing  the  form  will  destroy  the  pipe,  and  a  considerable 
number,  especially  of  the  larger  aliea,  collnpao  In  (hla  way.  and 
have  to  bo  remoMed.  To  avoid  handling,  the  pipe  Is  stacked  on  end 
B  few  feet  from  the  plare  of  mixing,  the  form  being  moved  as  the 
yard  fills  with  pipe.  One  crew  of  four  men  on  make  about  ttt 
JoInU  or  GOO  lln.  ft.  of  pipe  a  day. 

'KnglneeHna-Contraottng,  Dee.  4,  I9DT. 
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Ai  iDon  <u  hard  enougli.  the  pipe  la  turned  end  for  end,  and  la  Umd  ' 
kepi  wet  tor  several  weeks  before  t>elDg  laid.  The  coatlnK  ol  neat 
cement  on  the  Inside  la  applied  with  a  short  whitewash  bruBh.  and  1> 
a  Hnall  Item  In  the  coaL  In  laylns.  the  trench  la  carefully  fInlBbed 
to  grade  In  order  to  have  the  Joints  close  nicely,  and  the  ends  are 
well  wet  with  a  brujsh.  The  mason  then  spreads  mortar,  mixed  1  to 
1,  on  the  end  of  the  pipe,  and  lays  a  bed  of  mortar  at  the  bottom  of 
the  Joint.  He  then  lama  the  section  Into  place,  and  swabs  out  the 
inside  of  the  joint  with  a  atllf  bruah,  to  Insure  a  smooth  pasaase  for 
the  water.  A  band  or  ring  of  mortar  Is  spread  round  the  outside  of 
(be  Joint  aa  an  additional  reinforcement.  One  barrel  of  cement  will 
Joint  about  SOD  sections  of  pipe.  The  materials  cost  as  follows: 
t^>^tland  cement,  per  bbl.,  t1.4S  :  labor,  per  day,  f 2  ;  foremen,  per 
day.  t:,5D  to  13:  hauling,  per  load  mile  (1  cu.  yd.),  20  eta.;  satld, 
free  at  pit ;    water,  free. 

The  pipe  was  all  ol  a  1:4  aaad  and  cement  mortar,  and  the 
amaant  of  cement  In  one  foot  of  pipe  Is  arrived  at  by  assuming  aa 
in  Olllette's  "Hand  Book  of  Cost  Data"  that  where  the  sand  has 
voids  In  excess  of  the  cement  used,  the  mortar  will  occupy  l.I  times 
the  q>ace  of  the  dry  sand,  which  yields  the  followlus  formula: 
Where— 

a  =  cost  per  bbl.  of  cement,  or  t4.1B. 

*  =  cu.  ft.  m  one  bbl.  (taken  at  3.5  here). 

a  =  ratio  of  sand  to  cement,  or  4. 

d  =  Inside  diameter  In  Inches. 

t  =  thickness  of  pipe  In  Inchea 

I  =  length  of  pipe  considered,  or  1  ft  here. 

cXJXwX  Idt+f} 

Cement-cost  per  foot= , 

iixaxl.lX144 

4.4BXlXS.H2{cIl+t') 

which  gives  here  = 

S.eX4Xl.lX144 

=  o.oo«Ji  lat+f). 

This  gives  the  following  cement  costs  per  lineal  foot; 
Diameter.                             Thickness.  Cost 

Ins.                                              Ina.                                      per  (ooL 
IW    IO.0B71 


!^: 


0.0T30 


The  aand  cost  Is  based  on  15  cts.  per  cu.  yd.  (or  loading,  and  a 
haul  of  two  miles  of  1  cu.  yd.  to  the  load,  making  Ave  trips  per  day, 
at  U  for  man  and  team.  It  bears  a  constant  ratio  to  cement  cost, 
being  11.2%  of  the  cement  cost.  The  labor  coat  of  making  Is  based 
on  the  foreman's  estimate  that  a  foreman,  tamper,  mortar  mixer, 
and  water  roan  should  flnlsh  250  Joints  a  day  of  8  or  8-ln.  pipe.  For 
the  ID  and  1Z-ln.  pipe,  the  labor  Is  assumed  to  be  greater  In  pro- 
portion to  the  material.  The  foreman  Is  taken  at  13,  one  man  at 
t2.GI)  and  two  at  %i.  The  cement  for  pahitlng  the  Inside  Is  neglected. 
Haullns  the  pipe  to  place  la  taken  at  twice  the  cost  of  hauling  the 
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T^^^  °""-  r"  "  *""'  "'  *  ""'^  '"  ""umed.  Th*  coal  of  tayioa 
a  based  on  a  foreman-,  wlmate  of  2  eta.  per  f«,i  r„r  trenohTaL! 

™  ™!!!  ?"IL  wnn*'  ?,?*,  "^"  '"  P'"^*''  "'*  J"'"*"-  one  helper  and 
one  man  to  backfill  will  lay  SOO  ft.  p«  day  of  6  or  8-l„.  pij^  ?^° 
larger  sixes  are  assumed  to  coal  more  In  nmr«.,.n       >     .iT  ■ 

B^ ^"^8  V  ^^  ''^'  ""' 

pipe-      pipe.      pipe'      nj»' 
Coment    (0.057     |0.073     lO.OSB      inVag 

jtoSiiV::::::::::::::  S:  ?    ?:*      S'SSS    Vd\ 
^^S.::::::::::::;J;SiSjd  Jl    S 

■^o'^'"    (".IB       lO-lB       t0.2J       mT 

the  da„ser  of  accepting  cemem  manuf:cturers*  esU^us  X^t 
eiamlnlnB  local  condUlons.  especially  as  to  handling 

(For  further  data  on  cement  pipes,  see  the  sections  on  Water 
works  and  on  Sewers,)  "ater- 

rr«!"  ?^  C""'",*"  Plpe.*-The  following  estimates  ot  cost  of  c 
cre.6  nloe  ™n„f-.,„.,d  by  ran:e  account  on  the  Shosh^e  ¥r5=.-. 
t  of  cment  »„.  ./nf  .I'^Kf^l.T/Ji '".  "°^™'«.'.  ">«■     Th. 


arebasL^^rr  f^  S'/""^"  '"'-^'"'"'  ""  ">*  Shoshone  ¥ro7«t 

are  based  on  the  resulls  of  five  days'  work  l„  November.  1907.    Th, 

and     f  1  bo     is""'  ""  *""■■  °'  ™'"*  ""'""  "■*"  ^'  "^^  y" 


and  I2.7E  per  day  tach  ( 
as  made  of  L  p 


y  each  for  2  n._„ 

2  men.     Plant  depreciation  and  admln- 

Included   la    the   unit   costs   given.      The 

ihs  .hi„i,„=..     .  .u       .  ^    cprnent  and  3  parts  sand.     The  alie  and 

the  thickness  of  the  pipe,  the  weight  and  the  unit  cost  per  llniT  w 

Cost  of  Cement  and  Cone 


d  fiawers,  Rehrsnces— See 

Metl^V'and  ^"n.rV^r'''!^''  ""■'  °"  sewers.  See  Chapter  XXI. 
and'^iri-s"'co'nTret:^t:r:c?,on  ■■  "'"^  «-"-"-  ">  «'"-"« 
dateT  "'  '  ^'"''  **""''—"'"   "■■  P   Crelghton  gives  the  following 

■Hie  band  stand  was  built  much  like  a 
*s  ft  in  dtameler.  supported  by  a  cen 
concrete  also.    The  r 


t  was  ml^ed  by  hand  and  hoisted  In  wheel- 
rnctfnff,  March  18.  1808. 
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barrowa  br  mean*  of  a  gallowB  frame  and  siuitch  block  operated  by  a 
mule.  The  forma  for  Um  ahafl  and  undertlde  of  the  stand  connlaled 
of  at««l  platea  nallwl  to  vertical  radial  ribs  built  to  the  dealgoed 
curve.  Tlieie  ribs  were  inade  of  i-ln.  lumber.  Toward  the  upper 
ends  where  the  radial  spread  between  ribi  was  largeBt  crasa-strutB 
were  built  between  ribs.  The  outer  ends  of  the  ribs  were  supported 
by  BtaginB :  they  were  also  braced  at  the  tangent  polnta  on  the 
center  column  or  Btem.  The  amount  of  concrete  whs  80  cu.  yds.  and 
It  cost  as  lollowa: 

Materials.  TotaL  Per  cu.  yd. 

119  bbls.  cement  at  12.65 t    S19.9E      f   B.9G 

iO  cu.  yds.  stone  duBt  at  11.10 44.00  "i": 

SO  cu.  yda.  broken  stone  at  tl.lO 88.00 


2.8« 


Mixing  and  placing  concrete 

Bending  and  placing  steel 

Falsework  and  wood  forms 

Steel  forma  (labor  and  material)  . 
12-ln.  pipe  (furnishing  and  erectin 
Unloading  and  hauling  stone  U  m 

nnlBhlng   

-       vating   


Total     I    BB2.15      |8.17 

Superintendence     42.00  O.fiS 

Foreman    . .  ^ 33.00  0.48. 

Total     t       81.00      11.01 

Qrand  total    1.4ST.31        18. B9 

Cort  or  Sylvester  Wash  «nd  Sylvester  Mortar.— Mr.  W.  C.  Haw< 
ley  la  authority  for  the  following:  A  covered  concrete  clear  water 
well  of  the  Apollo  Water-Works  Co.  leakea,  so  It  was  plastered 
with  a  Sylvester  mortar.  A  light-colored  soft  soap  was  dissolved  In 
water.  1  Vi  lbs.  soap  to  IS  gala  of  water.  'li>en  3  lbs.  of  powdered 
alum  were  mixed  with  each  bag  of  cement.  The  mortar  was  1 :  S. 
Two  coata  of  this  ptaEler  were  applied  to  the  dry  walls,  giving  a 
total  thickness  of  K  In.    Leaking  was  thus  Htopped  completely.    The 


I  2  l^s.  Boap  (with  24  gala  water),  at  TK  cts |0.1E 

I  IE  lbs.  alum,  at  3  M  cts 0.4Z 

I  Total     J0.S7 


Or  67  cts.  for  soap  and  alum  per  barrel  of  Portland  cement. 

In  repairing  the  bottom  of  a  reservoir  lined  with  4  to  S  Ins.  of  con- 
crete Wblcb  leaked,  a  Sylvester  wash  was  used.  The  soap  solution 
-wsa  %  Ibo.  of  Olcan  soap  to  1  gal.  of  water,  and  the  alum  solution 
was  ^  lb.  alum  to  4  gals,  water;  both  well  dissolved,  soap  solution 
being  boiled.  On  tbe  clean  dry  concrete  the  boiling  hot  soap  solu- 
tion was  applied ,  24  hrs.  later  the  alum  wash ;  24  hrs.  later  the 
Boap  waih  ;  24  hrs.  later  the  alum  wash.  Two  men  applied  the 
aolutlona,  using  whitewash  brushee,  while  a  third  man  carried  palls 
at  the  solution      In   making  the  soap   solution   2   men  attended   4 
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kettles,  1  man  kept  up  flres,  2  meo  carried  salutlon  to  men  applylnc 
IL  .Tbe  'alum  solutlnn  required  fewer  men.  belny  mads  cold  In  bar- 
relB.  After  applying  tha  •econd  soap  wash  to  the  concrete  alopeat 
men  had  to  be  held  by  ropea  to  keep  from  allpplaK.  The  rope  waa 
placed  around  two  men,  who  started  work  at  top  of  the  alope,  a  third 
man  paying  out  on  the  rope.  The  work  waa  done  In  a^  dayi,  and 
the  COM  as  follow! : 

1,H0  hrn  labor  at  IG  cts. |171  OO 

83  hre.  foremen  at  30  cIs. 11. SB 

83  hra,  waterboy  at  S  eta. 4  gg 

Add  for  mipL    16% 10.18 

Total  labor 1281.01 

Uaterlala. 

too  lbs.  Olean  soap  at  4^  cts. 1  3B.D0 

ilO  Iba.  alum  at  3  ots. g.SB 

6  whitewash  brushes  (10-ln.),  at  %t.2i II.BO 

■  stable  bruahes,   tl-26 7.60 

Total    materials »  Ofl.IO 

Total    latior  and  materials 297,81 

This  covered  131, 63<  sq.  ft.,  hence  the  cost  of  the  two  coats  of 
■oap  and  alum  was  fZ.2E  per  1.000  sq.  ft,  or  0.23  ct.  per  sq.  IL 
Ail  leaks  but  one  from  a  slight  crack  were  stopped. 

The  concrete  llnlnc  of  a  new  reservoir  near  Wllmerdlnx  was 
waterproofed  by  using  cauatle  potash  and  alum  In  the  flnishln« 
mortar  coat.  The  stock  solution  was  2  lbs.  of  cauatlc  potash,  and  S 
Iba  of  alum  to  10  qta  of  water.  This  was  made  In  barrel  lots,  from 
Which  3  qta  were  taken  for  each  batch  of  finishing  mortar,  which 
consisted  of  2  bags  of  cement  mlied  with  i  bags  of  sand;  a  batch  of 
mortar  covered  an  area  B  ft  i  8  ft  1  In.  thick.  The  extra  COM  of 
this  waterprooflng  was: 

100  Iba  caustic  potash  at  10  cts. tlO.OO 

70  lbs.  caustic  potash  at  9  eta i  30 

»00  lbs.  alum  at  3>4.  3%  and  4  cts. 34  38 

SO  hra  mixing  at  IB  cts. 9,00 

Freight,  express  and  hauling ll.BO 

Total  for  71,800  sq.  ft .171.18 

So  the  cost  was  95  cts.  per  1.000  sq.  ft.  or  less  than  0.1  ct  per 
•q.  tt  Hence  the  cost  waa  leas  than  by  using  SylveHer's  wash  and 
the  result  was  better,  for  with  Sylvester's  waah  the  penetration  la 
only  1/10  to  K-ln.  It  was  found  ihat  It  leas  than  t  parla  of  sand  to 
1  part  of  cement  were  used  the  mortar  cracked  In  setting.  Clean 
sand  waa  imperative  as  any  organic  Impurities  soon  decomposed, 
leaving  soft  spots.  Do  not  use  an  excess  of  potash;  a  Mlglit  sxcaaa 
of  alum,  however,  does  not  decrease  the  strength  of  the  mortar. 

Cost  of  watsrprooflng  With  Tar  Pelt  snd  Asphalt*— The  follow- 
ing data  relate  to  the  coat  of  watervrooflng  tba  concrete  on  the  Lons 
Island  R.  R.  aubway : 

The  Bpedflcatlons  for  the  waterprooflng  will  b«  found  In  OIUMta 
and  Hill's  "Concrete  Construction." 

'SngtrnttrlMO-Ceyttraettue,  July  18,   1)0(. 
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Durlntr  tba  rear  1903  there  were  laid  $,OSA  sq.  yds.  of  thla  water- 
proo&ng  on  the  root  ot  the  Bubway.  The  labor  cost  ot  pladiiK  the 
two  layen  of  felt  and  the  three  coat*  ot  tar  pitch  waa  aa  tollowa : 
SOS  days  labor  at  a  coat  of  t4f>8  (or  an  average  ot  t^Al  per  day) 
for  the  9,05t  eq.  yds.,  which  la  equivalent  to  6%  cts.  per  an.  yd.  for 
the  labor.  Since  this  la  for  two  layers  ot  felt,  the  labor  coat  waa 
IK  eta.  per  ki.  yd.  of  alacle  layer,  which  la  a  hlgb  coat  aa  we  ahall 
•ee  preaently. 

The  labor  coit  of  mixing  and  placing  the  1-lu,  layer  of  cement 
mortar  over  the  felt  vaa  a,»  followH:  It  required  S89  days,  at  a  coat 
ot  |I,30S  (or  an  avera.Be  ol  tZ.22  per  day)  to  place  thia  9,0Gt  aq. 
jda  of  cement  plaster,  which  la  equivalent  to  14>i  cts.  per  sq.  yd. 

The  total  coat  ot  labor  for  the  two  layers  of  tar  felt  and  the  layer 
of  cement  mortar  was,  therefore,  2D  cts.  per  sq.  yd.  on  this  Long 
telan<^  B.  R.  work. 

For  comparison,  we  will  now  repeat  some  of  the  cost  data  given  In 
our  February  Issue,  relallng  to  the  New  York  Subway.  On  the 
Now  York  Subway,  the  speclBcalions  were  somewhat  similar,  ex- 
cept that  no  mortar  coat  was  ^leclBed.  The  roof  ol  the  New  York 
Subway  was  waterproofed  with  four  layers  of  asphalt  felt  and 
asphalt.  The  floor  of  the  subway  made  two  layers  of  asphalt  felt 
placed  between  two  layers  of  concrete.  We  may  say,  therefore,  that 
the  average  number  of  layers  of  (elt  used  In  waterprooflng  the  New 
York  Subway  was  three.  The  records  ot  cost  for  this  work  were 
kept  In  terms  ot  one  layer  ot  felt,  so  that  It  is  necessary  to  multi- 
ply the  following  costs  by  three  In  order  to  get  the  cost  ot  the 
three  layera  For  estimating  the  quantities  of  materials  used,  the 
following  rules  were  deduced : 

Reduce  the  area  to  squaro  yards,  and  add  16%  for  lapl^  to  obtain 
the  square  yards  of  asphalt  felt  per  single  layer. 

Multiply  the  square  yards  by  O.ST  to  get  the  number  of  gallons 
of  asphalt  per  single  layer  of  felt. 

Where  brick  are  laid  In  asphalt,  allow  650  brick  per  cu.  ydr;  and 
multiply  the  number  ot  cubic  yards  ot  brick  by  0.3  to  get  the  num- 
ber ot  tons  of  mastic. 

The  cost  of  some  98,000  sq.  yda  waterprooflng  on  the  New  York 
Subway,  was  as  follows  per  single  tblcknesa  of  felt : 


(sln^gle) 
0.37  gal,  asphalt 


I  sq.  yda  asphalt  felt  a 

"  — '    --?balt  at  12  ot 


Uibor 

Total   IS 

This  ts  for  one  thickness  ot  felt,  so  that  for  S  tbichnesses  the 
cost  would  be  IE  cts.  per  sq.  yd.  tor  labor  and  materlala.  Both  tlie 
bthor  and  materials  were  high  In  cost.  The  tabor  was  high  because 
the  men  were  poorly  supervised.  There  were  2  waterproof  "tore- 
meu"  at  fS  per  8-hr.  day.  and  T  waterproofera  (laborers)  at  11. GO 
per  day,  so  that  the  average  wage  was  I1.B3  per  day.  The  "fore- 
meo"  were  skilled  waterproofera  who  worked  with  the  gang. 
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The  nwterial  was  htgh  priced,  becaun  ubertos  felt  dipped  Id 
asphalt  waa  apecltled.    The  t«lt  weighed  10  Iba.  per  100  aq.  IL 

To  lUuatrate  how  unueually  inedlclent  the  Waterproolers  were,  tbe 
foUowlnK  records  are  Klveo.  These  records  were  kept  by  the  writer, 
and  relate  to  the  waterprooflns  of  brick  wall!.  The  wall  waa  built 
up  one  brick  thick  (1  Ina.},  and  was  than  waterproofed  with  three 
layera  of  tar  felt  mopped  with  tar  pitch.  The  layers  lapped  on  one 
another  Ilka  the  ihlnKles  o(  a  roof,  the  exposed  face  of  each  larer 
being  1  fL  wide.  Three  men  were  engased  in  the  work:  one  man 
melted  and  carried  the  tar  In  buckets,  one  man  mopped  It  on,  and  the 
third  man  laid  the  tar  felt.  The  bricks  were  first  mopped  with  tar, 
then  the  fait  was  laid  on  and  mopped  with  tar;  then  a  aacand  layer 
of  felt,  and  so  on.  The  two  men  mopping  and  laying  felt  eaaUy 
averaged  ISO  aq.  yds.  In  S  hrs.  Since  this  was  3-layer  work,  lite 
aMn  averaged  300  sq.  yds.  of  single  layer  per  day.  Skilled  roofers 
were  employed  placing  and  mopping  the  felt  at  tS.TK  a  day.'and  the 
laborer  helping  them  received  12  a  day,  so  that  tlie  gang  received 
|9  for  SeO  aq.  yds.,  Or  2!i  cts.  per  sq.  yd.,  wages  averaging  tS  per 
g-hr.  day  per  man  engaged.  As  a  matter  of  fact,  only  one  Allied 
man  naa  needed ;  and.  had  there  been  enough  work  to  do.  one 
laborer  could  have  melted  and  delivered  enough  tar  for  two  ganga. 
It  usually  requires  about  H  gal.  tar  per  layer  of  felt,  which  would 
mean  IZO  gais.  of  tar  per  day  per  gang  of  two  men  laying.  Tar 
weighs  about  aa  much  as  water,  or  SU  lbs.  per  gal.,  hence  1,000  lbs. 
tar  would  be  used  by  the  gang  of  two  men  In  a  day.  [In  the  Water- 
works section  ot  this  book  will  be  found  the  cost  of  waterproofing  a 
large  reservoir.  This  work  waa  done  on  a  large  scale.  Two  men 
heated  and  delivered  the  asphalt  to  one  man  who  spread  It  with  a 
mop  made  of  twine.  The  man  with  the  mop  spread  £,000  Iba  of 
asphalt  per  day  of  10  hra,  covering  an  area  of  1,D0D  aq.  yds.,  which 
Is  equivalent  to  O.S  gal.  per  sq.  yd.  Since  two  men  boiled  and  de- 
livered the  asphalt,  each  of  tbeee  two  men  averaged  2,EO0  lbs.  or  tOO 
gals,  per  day.  It  took  one  cord  of  wood  to  boll  about  20,000  lbs.,  or 
3,400  gals.,  from  which  It  will  be  seen  that  the  Item  of  fuel  Is  prac- 
tically negligible.] 

While  men  engaged  In  mopping  tar  or  asphalt  over  layers  ot  felt 
cannot  be  expected  to  accompllBh  as  much  work  as  men  mopping 
tar  over  an  extended  area,  allll  comparlaona  such  as  the  above  are 
valuable  because  they  show  where  money  may  be  saved,  in  this  In- 
stance the  comparison  shows  that  a  man  boiling  and  delivering  t&r 
Is  not  icept  busy  unless  he  is  handling  at  least  300  gala,  a  day. 

When  one  man  la  mopping  on  the  tar  and  a  second  man  la  laying 
the  felt,  one  of  the  two  is  usually  idle  while  the  other  is  busy. 
Provided  each  man  works  with  great  rapidity  when  he  Is  actually 
working,  very  little  time  Is  really  lost ;  but  M  left  to  themselves, 
the  workmen  win  take  a  very  alow  gait,  and  thus  more  than  double 
the  coat. 

Pinnily.  unless  labor  unions  Interfere,  there  Is  really  no  need  of 
blgti-prlced  labor  on  work  of  this  character.  Common  laborers  can 
b«  used  for  all  work  except  laying  the  felt  and,  aven  In  that  work, 
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a  BTBda  of  Alll  only  allsfatly  above  the  average  of  tha  common 
laborer  t*  needed. 

Aa  for  tba  felt  Itaelf,  there  is  no  neceealty  of  anythluff  better  tlisn 
a  good  grade  of  tar  felt  weli^dns  about  IG  lbs.  per  lOQ  aq.  fL.  and 
coBtlnK  about  1%  eta.  per  lb.,  or  2  ctK  per  eq.  yd.  We  Are  apeakloe 
now  of  felt  for  waterprooDiiK.  not  of  felt  for  rooflnc  that  le  eipoud 
to  the  air. 

Tbe  writer  baa  Been  felt  that  bad  been  laid  In  coal  tar  pitch ;  and. 
after  31  yoari  eervlc^  It  waa  aa  flexible  aa  the  day  It  waa  lal±  Thia 
felt  bad  been  used  to  waterproof  the  outalils  of  the  maaonry  arch 
tonnlns  the  roof  of  the  Park  Avenue  Tunnel,  N.  T.  C.  A  H.  R.  Ry.. 
biiUt  In  1872.  Tbe  felt  waa  laid  Id  two  layers  and  oovered  with 
t  or  3  ft  of  earth.  Wherever  It  had  been  covered  It  was  In  perfect 
condition  when  taken  out  In  1II04.  Ur.  A.  B.  Corthell,  Terminal 
Enstneer.  New  York  Central  Ry.,  New  Tork  City,  haa  apeclmena  of 
this  old  felt.  Aa  the  process  of  maklQK  coal  gas  has  not  changed  In 
tba  laat  10  years.  It  la  obvloua  that  aa  good  coal  tar  plti^h  la  to  be 
had  to-day  as  ever.  There  are  petroleum  reBldues  that  are  sold  as 
pitch  which  are  not  of  a  dumble  nature,  and  such  products  have, 
perhapa.  given  a  black  eye  to  pitch  In  general 

I.et  us  sea  what  two  layers  of  tar  felt  can  be  laid  for : 

Two  layers 
per  sq.  yd. 

S  BQ.  yda.  tar  f«t  at  ZH  ct» "  t 

3i  gal.  anihalt  at  12  eta g 

laS^  CtS  a  day) .• 3 


In  the 

above  eetlmate,  12%  has  been  added  to  the  price  of  the  tar  felt  to 
allow  for  lapa  The  labor  l«  asmmed  at  a  lower  rate  than  would 
probably  be  paid  In  cities  where  labor  unions  control  such  work,  but 
It  Is  as  hish  as  would  be  paid  outside  of  cltLcB. 

Cost  of  Waterproofing  Batteries  With  Coal  Tar  and  Sand.*— Coal 
tar  and  sand  was  used  In  waterproofing  the  superior  creats  of  three 
batteries  at  Fort  Mott  N.  J.  The  tar  was  applied  hot  and  Was 
apread  over  the  eoncrate  surfaces  with  rubber  squeegees  and  then 
aanded.  Joints  were  tilled  with  hot  tar.  A  surplus  of  sand  was  put 
on  and  left  for  a  few  days  and  waa  then  swept  oft.  Two  coats  were 
put  on  over  the  traverses  and  one  coat  over  the  parapeta  The  total 
Burtace  covered,  two  coats,  waa  14.T00  aq.  ft.,  and  one  coat,  19,800 
•a-  fL  :  21%  bbla  of  coal  tar  were  used,  or  about  1  bbl.  per  8,279 
sq.  ft.  The  tar  cost  J*.ZB  per  bbL  delivered,  and  tha  cost  of  the 
waterprooflns.  Including  materials  and  labor,  was  |0,OO74  per  sq.  ft., 
one  coat.  In  two  of  the  batteries  practically  all  percolation  was 
stopped. 

Cost  of  Waterproollna  Brldos  Floor,  Pennsylvania  Ry.t— Mr.  A.  L. 
Bowman  Is  author  of  the  following : 


636  HANDBOOK   OF  COST  DATA. 

itmivtd  of  Applying  Waterprooftno- — Plrat  Tbs  ateel  floor  pl«U 
waa  thorouxblr  cleaned  and   painted  wltb  one  coat   of   r«d  lead 

Second.  A  filler  ot  maatic  aqibait  waa  placed  along  the  web« 
or  the  Btrdera 

Third.  Five  laysra  of  Hydrex  felt  cemented  together  nltl)  Hydivx 
compound  were  then  put  on  the  floor  plate  and  carried  aa  tar  «■ 
poHlble  up  under  the  flajtfiInK  angles,  which  were  foatened  along  thv 
weba  and  around  the  atlffeners  and  the  ends  Of  the  girders.  Ttie  felt 
waa  not  cemented  to  the  floor  plate  but  waa  tboroughly  cemented 
to  the  webs  of  the  glrdera 

Fourth.  A  layer  of  brick  laid  Qat  Was  then  placed  On  the  felt 
In  a  hot  layer  af  compound,  the  brick  being  laid  lengthwlsa  Of  tbe 

Fifth.  The  Joints  between  the  brlcli  Were  tboroughly  poured  with 
compound  and  the  whole  surface  mopped  with  compound. 

Sixth.  The  atone  ballast  ties  and  rails  were  then  placed  on  tha 
bridge  (Fig.  II). 

Labor  and  ISma  on  Waterproofing  After  Bteel  Work  Wat  Brectad. 


—The  skilled  and  common  laborer  employed  per  square  (100  sq.  ft.) 
was  as  fallows:  Foreman,  1.66  hra. ;  waterproofera;  11. Tl  bra.; 
laborers,  7. 75  hrs.  The  overtime  to  complete  a  floor  of  750  aq.  fL 
was  1.4  days  of  10  hra  The  best  time  tor  one  track,  7E0  aq.  ft,  waa 
one  day  of  10  hra 

Coit. — The  coat  of  waterproollng  materials  per  Muare  foot  of  floor 
surface  was  20%  cts.  The  cost  of  labor  per  square  foot  waa  10% 
cts.  Uaterials  Per  Square  (100  sq.  ft.). — Brick.  HO;  Hydrex  com- 
pound, 41.2  gala;   Hydrex  fell,  1.4S  rolls  (400  aq.  ft.  per  roll). 

AmuU. — The  bridges  are  watertl^t  wltb  tbe  eiceptioa  of  a  ftnr 
points  Immediately  over  columns. 

During  a  severe  storm  the  water  leaks  down  to  some  extent,  b*- 
tween  the  main  and  aide  walk  girdera.  It  seems  Imposslbla  to 
keep  theae  points  absolutely  tight. 

The  vibration  and  reflection  of  the  girders  break  the  bond  of  aar 
material  which  la  placed  between  the  ends  of  the  girdera  From  a 
close  observation  of  theae  brldgea  It  seems  imposslbla  to  mako  tt» 
compound  adhere  to  the  steel  (or  any  length  of  time,  due  to  the 
vibration  of  the  atael  work  and  the  hoj^enlng  of  the  material  durlnc 
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It  1b  necesaarr  to  protact  the  ttdce*  of  the  watnproadiuc  along 
tbe  Klrder*  from  watar  mmitas  down  twhlnd  att«r  the  waterprooflDg 
baa  broken  loose.  Thle  waa  done  bj  meana  of  the  OaahUiK  ftOClM 
teferred  to  above. 

No  attempt  ahould  be  made  to  fit  the  biick  along  the  web  ot 
brackets,  the  brick  being  slniply  ahoved  as  tight  aa  poralble  and  then 
tie  openings  poured  with  the  compound.  Afterward  tbe  opening 
under  the  flashing  angles  should  be  nued  with  concrete  to  keep  the 
edges  of  the  felt  from  curling  over. 

The  felt  was  carried  well  over  and  down  the  back  walls,  drainage 
being  had  by  putting  the  bridges  on  a  grade  and  allowing  the  Water 
to  run  behind  tbe  abutments,  which  were  drained  by  pipes  rumitaig 
through  the  abutments  to  the  gutters. 

Cost  of  Waterproofing,  Raferences.— Tbr  further  data  on  ttils  aub- 
Ject  consult  the  index  under  "Wotorprooflng."  See  Chapter  XXV, 
Uethoda  rjid  Cost  of  Walerprooflng,  In  Oliietie  and  Hill's  "Caoci-ete 
Construction." 

Cost  of  Removinfl  Efllorascenca  With  Acid.— E:fflorescence.  or 
"whitewash,"  on  a  concrete  bridge  at  Washington.  D.  C,  waa  re- 
moved by  using  hydrochloric  (muriatic)  acid  and  common  scrubbing 
brushes;  10  gala  of  acid  and  38  scrubbing  brushes  were  used  to 
clean  ZEO  sq.  yds.  of  concrete.  The  acid  was  diluted  with  1  or  t 
parts  water  to  1  of  acid :  and  water  constantly  played  with  a.  hose 
on  the  concrete  while  being  cleaned  to  prevent  penetration  of  the 
acid.  One  house-front  cleaner  and  6  laborers  were  employed,  and 
the  total  cost  was  It.BO,  or  60  eta.  per  aq.  yd.  This  high  cost  was 
due  to  the  dlfRculty  of  cleaning  the  balustrades  It  is  thought  that 
the  cost  of  cleaning  the  apandrela  and  wing  walla  did  not  exceed  20 
eta.  per  sq.  yd.  The  cleaning  waa  perfectly  satisfactory.  An  experl- 
ount  was  made  with  wire  bruahes  without  acid,  but  the  coat  was 
f  Z.40  per  sq.  yd.  The  flour  removed  by  tbe  wire  brushes  was  found 
by  analyals  to  be  silicate  of  lime.  Acetic  acid  was  tried  In  place  ot 
muriatic,  but  required  more  scrubbing. 

For  further  data  on  cleaning  with  acid,  saa  the  section  <m  Stone 
Masonry.'  Consult  the  Index  under  "Masonry,  Cleaning." 

Cost  of  Buah- Hammering  Concrete. — Mr.  C.  R.  Neher  states  that 
»  concrete  (ace  can  be  bush-hammered  by  an  ordinary  laborer  at  the 
mta  of  100  aq.  ft.  in  10  hra.,  at  a  cost  of  IH  cts  per  sq.  ft.  The 
coat  of  forms  saved  by  using  rough  lumt>er  goes  a  long  way  toward 
covering  the  cost  ot  bush-hammering.  The  front  of  the  Dakota 
elevator  in  ButbUo,  N.  Y.,  waa  buah-hammered.  Buah-hammerlng 
removes  stains  due  to  efflorescence. 

Ransoms  says  that  buah-hammerlng  eoncrste  costs  l\k  to  l\i  eta. 
per  sq.  ft,  wages  of  coounon  laborers  being  1»  eta  per  hr.  The 
Ranaome  Concrete  Mcby.  Co..  Dunellen,  N.  J.,  moke  a  toothed  ax 
ev>eclallr  designed  for  buah-hanunerlng  concrete. 

The  walla  of  the  Pacific  Borax  Co.  factory  at  Bayonne,  N,  I.,  were 
dreased  by  band  at  the  rata  of  100  to  £00  sq.  ft.  per  day  ;  but  most 
of  tbe  dreasing  waa  done  with  a  pneumatic  hammer,  with  which  a 
man  was  able  to  dreaa  100  to  SOO  aq.  ft.  per  day. 
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At  the  Harrard  Stadltim  I  timed  men  workloK  with  pneumatle 
haminera,  ualng;  a  tool  like  an  Ice  chopper  with  a  aawlooth  cuttlns 
blade.  One  man  dressed  a  wall  at  the  rate  of  SO  sq.  ft.  per  br.,  but 
I  was  told  that  SOO  sq.  ft  was  a  10-hr.  day's  work.  I  am  lacllned  to 
tblnk.  however,  that  much  more  than  200  sq.  It.  a  day  could  be  aver- 
need.     Common  laborers  are  used  for  this  sort  of  work. 

Tor  the  coat  of  operating  pneumatic  hammers,  when  caaoUne  la 
used  tor  power  consult  the  Index  under  Pneumatic  Hammer. 

A  common  method  of  flnlitalnK  concrete  surfaces  is  to  remove  the 
forms  before  the  concrete  Is  veiy  hard,  say  In  14  hra,  and  scour 
the  surface  with  a  wire  brush  to  as  much  as  half  the  depth  of  the 
pebbles  of  gravel  or  stone.    This  can  t>e  done  for  T  eta  per  sq.  ft 

The  averaee  cost  of  buiA-hammerliiK  the  concrets  blocks  for  the 
Connecticut  Ave.  Brldse,  at  WasblngtoD,  was  2S  cti.  per  sq.  fL 
The  work  was  done  by  stonecutters  who  received  H  per  day,  which 
partly  accounts  for  the  hlth  coat.  Moreover  a.  very  high  giade  of 
work  was  required.  The  cost  ranscd  from  14  eta  per  aq.  ft  to  4T 
cts.  per  aq.  ft.,  and  Is  given  In  detail  in  QlUette  and  Hill's  "Concrete 
Construction." 

Cost  of  Excavstlna  Concrete. — Mr.  Ernest  W.  Shader  gives  the 
following.  A  hole  was  cut  through  a  concrete  dam  10  yra  old  at 
Ithaca,  N.  7  The  concrete  was  crushed  shale,  and  a  mixture  of 
natural  and  Portland  cemeot  had  been  used.  The  concrete  was  soft 
but  tough.  A  pneumatic  plug  drill  was  used,  and  the  concrete  was 
chipped  out  with  flat  chisels  IH  Ina  wide.  A  narrower  chisel  was 
not  so  good,  and  plug  and  feathering  was  Impracticable  because  the 
drill  would  stick  in  the  hole.  (Perhaps  a  water  Jet  would  have  over- 
come this  dlSlculty. )  Two  Italian  laborers  alternated  In  holding  the 
pneumatic  machine,  and  they  averaged  exactly  1  Un.  ft  of  hole 
6%  ft  diameter  per  9-hr.  day.  for  IS  days.  The  air  pressure  Was 
70  Iba  This  Is  equivalent  to  2Z¥i  cu.  ft,  or  0.B3  cu.  yd.  per  day 
by  two  men  with  a  pneumatic  machine. 

A  liberal  supply  e(  sharp  chisels  was  provided.  The  chisel  was 
sunk  Into  the  concrete  until  the  blows  of  the  hammw  caussd  a 
piece  to  chip  off.  The  time  per  chip  ranged  from  a  few  seconds  to 
10  mlnutea  When  tha  men  become  experienced  they  drove  two  or 
three  chisels  along  a  line  and  thus  wedged  oft  as  much  as  ^  cu.  tL 
of  concrete.  This  worked  well  when  the  lower  part  of  the  hole  was 
advanced  ahead  of  the  upper  part. 

For  comparison  with  the  data  above  given,  see  QlUette  and  HID'a 
"ConcrelB  Construction."  p.  107.  where  it  la  stated  that  It  took  a 
quarryman  5  days  to  chip  off  1  cu.  yd.  of  concrete  from  the  lac* 
of  a  concrete  abutment  that  projected  too  far.  Also  see  p.  <B8,  etc., 
of  the  same  book  for  methods  and  cost  of  blasting  concrata 

For  cost  of  excavating  a  concrete  pavement  base  ass  the  sscUon 
on  Roads  and  Pavementa 

Cross  References  and  Rsferenees^ — In  other  sections  ol  this  iMOk 
win  be  found  data  on  concrete  costs,  for  which  see  the  index  under 
Concrete.     The  cost  of  quarrying  and  crushing-  stone  for  concrete 
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wUl  be  louDil  In  tbe  aectlon  on  Rock  HSxcamtloii.  la  satlm&tlDK  tba 
cost  of  fonns  the  data  In  Uie  section  on  Tlmberwork  will  be  of  aid. 

The  lolloirlag  boolu  on  concrete  cover  different  ^orte  ot  MM 
ETcat  subject: 

"Concrctt  Comtruotion — Mettwda  and  Coat,"  by  OlUette  and  HIU. 
la  a  TOO-page  IreatlM  devoted  solely  to  the  methods  and  coat  o(  con- 
crete And  reinforced  concrete  work  of  every  variety.  While  intended 
primarily  aa  a  treatlie  for  contractors  and  for  englneerB  engaKed  In 
actual  field  work.  It  Will  aid  the  deslsner  also  tf  he  alms  to  deaisn 
and  specify  conBtruction  on  which  low  bids  will  be  assured.  I  can- 
not too  often  repeat  the  statement  that  no  designer  Is  thoroughly 
competent  unless  he  has  a  thorouKb  knowledge  ot  erery  detail  of 
actual  cost. 

"Concrele  and  Relnforctd  Conoreta  Conatruelion,"  by  Homer  A. 
BMd,  H.  Am.  Soc.  C.  K,  Is  a.  90a-page  treatise  written  primarily  for 
tbe  designins  engineer  and  the  euglnserlnit  student,  but  It  Is  full  of 
II lustrations  o(  forms,  arch  centers,  a-id  text  matter  of  value  to  the 
contractor  also.  There  tk.  In  my  opinion,  no  single  book  that  eo  well 
covers  both  theory  of  concrete  design  and  practice  of  construction, 
as  does  this  book,  when  'the  whole  field  of  concrete  Is  considered. 
The  field,  however.  Is  so  great  that  In  addition  to  one  such  treatlsa 
covering  the  whole  field,  most  engineers  and  contractors  need  special 
treatlBss  on  special  tiranches,  such  as  the  one  by  Gillette  and  Hill. 
above  mentioned,  and  such  as  the  others  mentioned  below.  Reld's 
work  contains  more  than  700  drawings  and  halt-tonea  A  state- 
ment ot  this  number  alone  elves  some  Idea  ot  the  wide  scope  of  the 

"Enfftneert'  Pocketboole  of  Reinforced  Concrete,"  by  a  tiee 
Heidenrelch,  contains  374  paxes  of  tables  and  data  tor  the  engineer 
who  Is  deelgnlng  reinforced  concrete  atructurea  1  know  ot  no  book 
that  Is  Its  equal  for  this  purpose.  The  author  Is  an  experienced 
designer.  Indeed,  one  ot  the  first  American  civil  engineers  to  mak« 
reinforced  concrete  designing  a  specialty. 

"ReMoroed  Concrete,  A  Xanvai  of  PraalUM,"  by  EmeBt  UcCul- 
tou^i.  Is  a,  book  which  presents  the  subject  ot  designing  reinforced 
ooncrete  In  the  simplest  manner  possible :  also  the  principles  ot  sate 
and  good  construction  are  set  forth  In  an  equally  lucid  manner. 
The  author  has  had  a  very  extensive  experience  In  concrete  work 
both  aa  an  ecglneer  and  as  a  contractor. 

"TAdory  and  Dteiffn  of  Reinforced  Concrete  Arcliea,"  by  Arvld 
Beutardahl,  Is  self-explanatory  In  Its  title.  The  author's  aim  has 
been  to  present  the  theory  In  a  perfectly  complete  form,  leaving  no 
gaps  to  be  supplied  by  reference  to  other  booka 

"Conertta  Bridoet  and  Cvlverti,"  by  H.  Q.  Tyrrell,  la  a  272-paee 
treatise  In  which  the  author  presents  the  formulaa  to  be  used  without 
Klvlng  the  mathematical  derivation,  thus  making  it  a  very  useful 
book  for  any  engineer,  other  than  the  student  ot  engineering.  The 
author  gives  many  tables  ot  dlmenBlons  tor  standard  railway  and 
highway  bridges  and  culverts,   also  tables  of  quantities  and  esti- 
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"Practtoal  CemeM  TnU»g,"  by  W.  P.  Taylor.  ■■  the  work  of  a 
practical  cement  teoter,  and  I  think  that  In  that  respect  It  Is  unique 
Eunong  books  or  psrti  of  hooka  on  cement  teatlng.  It  covers  the  sub- 
ject In  Its  SaO  pages. 

"Concrete  Iiupeclion,"  by  Charles  B.  Hill,  Is  a  pocket-siie  book  of 
1S6  paeee,  In  Hrhlch  no  extraneous  matter  Is  contained.  It  Is  a 
manuQl  on  cement  Inspection  written  by  the  author  of  the  flrst 
American  treatise  on  reinforced  concrete  conatnictlon,  and  an  engi- 
neer who  has  a  wider  acquaintance  with  the  literature  of  cement 
and  concrete  than  anyone  I  have  met  My  close  association  witb 
Mr.  Hill  In  the  production  of  our  Joint  book,  and  In  our  editorial 
wovk,  Ib  the  basis  for  the  for€KoliiK  Btatement.  In  the  breadth  of 
Which  I  may  be  unwittingly  doing  Injustice  to  others  who  have 
attempted  to  keep  pace  with  the  literature  on  cement  and  concrete. 

"Dlagrama  tor  Dealffntng  Reinforced  Coticrele  Btmcttirea,"  by  O. 
P.  Dodge.  The  diagrams  are  plotted  on  logarithmic  paper,  and  are 
so  devised  that  results  are  read  direct  for  any  condition  that 
occVirs  In  ordinary  practice, 

S 11 11  111  or  J/,  ^In  this  connection  I  miff  say  that  not  since  englnew- 
Ing  heean  has  there  ever  been  a  subject  that  haa  brought  forth.  In  so 
short  a  time.  Bo  many  articles,  scientific  papers,  and  books  as  have 
appeared  on  this  subject  of  cement  and  concrete^  This  literature  has 
had  a  profound  Influence  upon  the  growtli  of  the  cement  and  con- 
crete industry.  Had  It  not  been  for  the  eitenaive  literature  on  the 
subject,  engineers  would  have  been  a  generation  longer  In  acquiring 
sutllclent  knowledge  of  concrete  and  its  economic  merits  to  lea  1  them 
to  the  extensive  use  that  concrete  now  enjoya  Authors  of  books  nnd 
editors  of,  and  contributors  to,  technical  periodicals  have  been  the 
educators  who  have  nmd«  the  use  of  concrete  well  nigh  exduttv*  for 
some  classes  of  construction,  and  a  large  factor  in  nearly  every 
class  that  can  be  mentioned.  In  this  process  of  education  their  work 
has  been  suppleQiented  by  that  of  Intelligent  manufacturers  of 
cement  and  of  concrete  machinery,  likewise  to  a.  degree  never  bafor* 
witnessed  In  the  technical  advertising  world.  So,  In  concluding  mr 
refereneea  I  can  do  no  better  than  to  urge  upon  every  engineer  and 
contractor  the  importance  of  securing,  and  keeping  Up  to  date,  a 
small  library  of  the  catalogs  of  manufacturers  of  cenMDt  and  of 
concrete  machlnsry.  tools  and  appltancaa 
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Dellnltlons. — BaetfiU,  the  excavated  earth  that  ta  put  back  into 

Ball  Jolnla. — A  cast  Iron  pfpe  With  q>eclal  endi  that  permit  ol 
deHectlOQ  of  the  pipe  line,  after  the  lead  haa  been  poured,  li  >ald 
to  have  "ball  lointa"  or  "flexible  Joints." 

BtlL — Ttte  flarlDK  end  of  a.  caM  Iron  pipe,  as  dlsttuKulAed  from 
the  amaits-  end,  or  aplsot,  which  Qu  Into  the  belL 

Bell  BolM. — After  caet  Iron  pipe  are  placed  In  a  trench,  it  la 
cuBtomar7  to  enlarge  the  trench  aomewbat  by  dlsBlns  awar  the 
bottom  and  aldee  around  the  bells  of  the  pipes,  at  each  Joint.  The 
excavation  thus  made  la  called  a  bell  hole. 

Bend. — A  short  curved  length  of  pipe.  Benda  are  aold  aa  "ape- 
daU'  at  a  price  hlf[har  than  for  ordinary  pipe.  See  Frye'a  "Civil 
EinKlseerB^   Pocketbook"  for  dimensions  and  weights  of  bends  and 


Brace. — A  horlmntal  timber  across  a  trench.  Also  an  Iron  pipe 
with  a  telescopic  end  la  called  an  "utenslble  brace." 

Bmolnir. — The  timber  used  to  support  the  aides  of  a  trench. 

Bnuteii. — A  T-shaped  piece  of  pipe  sold  as  b.  "spaclal." 

Colli. — To  flU  the  Jobita  of  a  pipe  to  prevent  leakage.  Ip  cast 
Iron  pipe,  Tara  la  drat  Inserted ;  then  lead  la  poured  Into  the  Joint 
The  operation  of  driving  the  lead  home  Is  often  called  "calking," 
although  the  entire  process  of  making  a  Joint  water  tight  la  also 

Corporation  Cock. — A  cock  or  valve  fining  the  main  water  pipe 
(o  the  service  plpc^  so  that  the  water  may  be  shut  oS  trooi  any 


Deprteiatiott. — The  Ioh  of  value  due  to  lost  life.  If  the  straight 
line  formula  of  depreciation  la  used,  the  annual  depreciation  la  the 
reclpracal  of  the  life  In  years:  thus  a  lite  of  £0  yeara  gives  a  depre- 
dation of  S%  per  annum  Depreciation  should  not  be  confused 
with  current  repalra  and  renewals  of  parta 

DMy. — A  term  applied  to  pumping  engines  to  express  amount 
of  work  dona  The  Am.  Soc.  M.  HL  deOnltlon  Is  number  ol  foot 
potinda  of  work  done  by  the  expenditure  of  l.ODO.OOO  R  T.  U. 
(British  thermal  units).  The  duty  therefore  dependa  upon  the 
ebaracter  of  engine   employed. 

Dvnamte  Head. — The  actual  head  of  water  In  a  pipe  plua  the 
friction  head. 
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Sltetrolt/ti*. — The  deatnictlon  ot  a  metal  <lua  to  chemical  action 
developed  by  an  electric  current 

Potioet.— The  flarloc  or  "bell"  ead  ol  a  cart  Iron  pipe. 

inuer.--^  "Blow  sand  filter"  coailBtB  of  a.  large  "filler  bed"  of 
sand,  underlaid  with  gravel  or  broken  stone,  tbrough  whlcb  water 
pasHes  and  enters  the  drains  that  lead  oR  the  clear  water.  A 
"tnechanlcat  Alter"  (often  called  on  "American  filter"),  conslats 
Of  B,  small  tank  containing  a  bed  of  sand  through  which  the  water 
parses,  after  having  been  dosed  with  some  cosgulent,  such  as  lime. 
The  sand  Is  cleaned  at  short  Intervals  by  reversing  the  current  of 

^tume. — A  trough  (or  cairylnK  water:  usually  made  of  lumber. 
FOTBbaji. — The   reservoir   from   which   water   pawes  Immediately 

FrictUm  Head. — The  head  ot  water  necessary  to  overcome  the 
friction  developed  by' passing  through  a  pipe. 

Frott  Box.—A  box  surrounding  a  waterplpe  and  contalOlDK  "ome 
beat  Insulator,  like  mineral  wool,  excelsior  or  sawdust,  to  prevent 
the  water  from  freeilng. 

Colton.— The  U.  S.  gallon  contains  8  pints,  or  i  quarts,  or  SSI  cu. 
Ina.  or  0.13388  cu.  ft.,  or  3.7SE6  litres,  or  O.OSITE  liquid  barrela 
A  cu.  ft  contains  T.48DG2  <TH  nearly)  gallona  A  gallon  of  water, 
at  S9.S°  P.,  weEghs  B.33B8S  ii%  nearljr)  Iba :  or  1  lb.  of  water 
=  0.12  gals.     British  Imperial  gallon  =  1.200SZ  U.  8.  gallons. 

Oate. — A  stop  valve  placed  In  water  mains;  usually  at  intervals 
of  SOO  to  too  ft,,  to  shut  off  water  (rom  any  section  during  repairs, 
etc.  , 

InfiltratUm The  fiow  ot  ground  water  into  a  well  i  or  the  flow 

of  water  throng  the  grouud,  Irom  a  nearby  lake  or  river.  Into  a 
gallery. 

Uaini. — The  system  ot  large  water  pipes  that  supply  the  nnaller 
laterals  or  service  pipes, 

Iflneral  wool,  or  stag  wool.  Is  fibrous  slag,  often  used  for  pock- 
ing around  water  pipes  to  prevent  freezing. 

Winers'  rnch. — Usually  the  amount  of  water  that  will  fiow.  In 
S4  bra,  through  an  opening  1  In.  square  In  a.  plank  2  Ins.  thick. 
under  a  head  of  6  ina  measured  from  the  upper  odgo  of  llie  open- 
ing. Such  an  opening  will  discharge  11.62E  gala  or  I.5G4  cu.  ft. 
per  minute,  or  Q.ait  cu.  ft.  per  sec.  This  is  the  Colorado  miners' 
Inch.      The  California  miners'   inch   Is   O.OZ   cu.   ft  per  second. 

Oakum. — Material   obtained   by  picking  to  pieces  old   hemp  rope. 

PODliino. — Oakum  with  long  fibres  twisted  Into  strands  and  used 
In  filling  pipe  jolnta 

Pmrtng  Clomp..— A  device  often  used  Instead  of  the  ordinary 
clay  "roll"  for  holding  In  the  molten  laad  used  to  form  a  Joint  In 
a  cast  Iron  pipe. 

Puddle. — A  mixture  of  gravel  and  clay,  wet  and  compacted,  and 
BO  deposited  as  to  prevent  leakage  through  more  porous  soil. 

Ranger. — A  long  horizontal  timber  along  the  side  ot  a  trench, 
against  which   the  "braces"  abut 

Reducer. — A    short  tunnel    shaped   Beotion   of  pipe. 


WATER-IVORKS.  849 

BolU — A  roll  of  clay  placed  temixmuilT  aiotmd  a.  plp«  to  r«taln 
the  molt«a  lead  poured  Into  the  joint. 

liiiHitar. — Same  oa  ranger. 

Aert-ioe  Pipe, — A  Bhort  lateral  pipe  of  Bmall  diameter,  unially  of 
wrouRlit  iron  or  lead,  axtendlDK  from  a.  "main"  to  a  house,  store, 
or  the  Ilka 

Shotting,  or  8h«athlnB- — Plank  uned  to  face  the  aldea  of  a  trench 
to  prevent  its  cavlns  In-  Wben  t&e  planka  are  iharpened  and 
driven,  they  are  called  (Aeet  pUea 

fikoHnn.^Bracea  used  temporarily  to  support  any  etructure  while 
excavating  near  EC.  Alio  used  to  dealgiiate  the  bracea  and  rangers 
In  a  trench,  for  which  It  la  preferable  to  uae  the  term  bracing. 

BkeletiHt  Bracino- — A  system  of  braces  and  rangere,  without  any 
■heetinK;  or  merely  k  ayatem  of  brace*  abutting  against  short 
lengths  of  plank. 

Spedot*. — Benda,  branchea.  tee*.  croBses,  reducera,  and  all  sim- 
ilar castlnga,  other  than  the  regular  li  ft.  lengths  of  pipe,  are  called 
epeclala,  and  are  aold  (by  the  pound)  at  a  higher  price  than  the 
regular  pipe. 

Spigot  End, — The  bhibII  end  of  a  cast  Iron  pipe  as  distinguished 
from   the   bell   end. 

Stand  Ptpe. — A  high,  vertical  pipe  of  large  diameter  holding  a 
supply  of  water. 

Ton.— Cast  Iron  pipe  Is  aold  by  the  ton  of  Z.OOO  lbs.  Pig  Iron  la 
sold  by  the  ton  of  t.itO  Iba 

ram.— Same   as   packing. 

Coat  of  Complete  Water  Works  Systemi.— For  purpoaes  of  rough 
preliminary  eallmatea  of  cost,  and  more  frequently  for  purposes  of 
comparlBon  and  generallxaclon.  an  engineer  often  wishes  to  know 
the  approximate  first  cost  of  a  complete  waterworks  system  for  a 
city  or  town  of  given  sixe. 

Table  I  la  taken  from  a  report  by  Ur.  Paul  Hansen,  Assoc.  M. 
Am.  Soc  C.  B..  Assistant  Ilngineer  Ohio  State  Board  of  Health, 
and  printed  In  EngineeringContraclIng,  Sept.  16,  1909.  The  author 
has  the  following  to  say  about  the  table : 

"The  matter  that  most  Interests  the  taxpayer  In  connection  With 
the  Installation  of  public  water  supplies  la  cost,  and  to  this  end  I 
have  prepared  a  table  giving  unit  coata  for  conatructlon  and  opera- 
tion. These  Ogurea  are  neceaaarlly  very  general,  aa  they  cover  a 
wide  range  of  conditions  They,  however,  are  suggestive  and  give 
an    approximate   Idea   of   expenditures    Involved." 

Average  Cost  of  Constructlna  and  Operatino  Water  Worka  tn 
MassBchusctta.— Mr.  Freeman  C.  Coffin  gives  the  following  costs 
of  constructing  and  operating  33  water  works  systems  In  Maia.  for 
the  year  1893.  The  aystema  were  nil  owned  by  the  tnuniclpalUlea, 
and  tn  every  case  the  water  was  pumped.  Total  coat  of  operation. 
Including  an  allowance  of  *%  tor  interest  on  the  tlrst  cost  ol  the 
water  works  ayatem,  and  li4%  for  depreciation,  averaged  |1J5  per 
million  gallons;  the  minimum  cost  being  tSS  In  one  city;  and  the 
maximum  cost  being  |2B7.    The  average  per  capita  cost  was  tS.ES 
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per  yeax ;  the  minimum  being  tl.2S :  anil  the  mazlmuni  belna  fS.SS. 
The  avemse  daily  per  capita  consumption  wom  fl2.S  sals.;  the  min- 
imum being  23,  and  the  maximum  22T  gsla.  The  water  was  pump- 
ed to  an  average  height  of  I8S  ft.  dynamic  head,  which  was  about 
10%  greater  than  the  static  head.  The  coal  consumption  por  mil- 
lion gallons  was; 

Minimum    O.TS 

1  Average    l.B? 

Uaximum    -,,-.,----,.,,--,-.--,--.---,-,--  7,00 
I  The  number  of  gaUons  pumped  1   fL  hlgb   (dynamic  head)   per 

I  pound  ot  coal  was: 

Minimum     8,0*0 

Average 66,344 

Maximum    132,660 

These  dtlea  may  be  divided  Into  three  groups:  Qroup  I,  21  dtlea 
I  under   lE.OOO  population,  and  averaging  6,880  population   (or  con- 

;  sumers)  on  the  pipe  Unesi  Group  JI.  8  cities,  15,000  to  26,000  popu- 

'  latlon,  with  an  average  of  21,260  on  the  pipe  lines;  and  Group  III, 

I  8  cities,  SI.EOD  to   86,000  population,  with  an  average  of  E6,000  on 

I  the  pipe  lines. 

I  The  first  coat  of  the  water  syetems  and  the  coat  of  operation,  etc., 

for  each  oC  tbese  three  groups  was  as  toUowe : 
I  Qroup    I. — Twenty-tno   cities,    total    population    121,300,    on   the 

I  pipe   lines,   consume   2,666,300,000   gala,    per   year,    or    66    gals,    per 

I  capita  per  day.     The  pumping  plants  consumed  6.600  tons  of  coal 

per  year,  or  2^  tona  per  million  gatloua     There  were  472  miles  of 
pipe  line,   and   the  coat  of  the  water  systems  was   |t, 720,000,   or 
{  110,000  per  mile  of  pipe  line.   Including  the  coat  of  the  pumping 

!  plants.      There  were  S.SOO   hydrants  and   22,000   aervlcea ;    or  S  hy- 

<lnuiW  and  46  services  per  mll«  of  pipe  Una  The  coat  of  the  water 
■yatema  was  1366  per  capita,  or  $I,S60  per  million  gallona  annually 
conaumed.    The  annual  cost  ot  operation,  etc,  was  as  follows : 

Per 

Ullllon 

Total  Gala 

Pmnp   station  expense t  49,200  19.30 

Other  expense  of  maintenance  and  operation..     68,400  22.80 

Interest.   4%  on   14.720,000 1S8.S0O  74.00 

Depreciation.  1*4%  on  14,720,000 70,800  2T.T0 

Total     1367,200  1143.80 

In  this  group  there  were  two  cities  where  the  cost  was  |8S  per 
■lUllon  gallons,  and  there  was  one  where  the  coat  was  1263. 

Ortmp  II. — Bight  cttlea,  total  population  170,000,  on  the  pipe 
lines;  consumed  4,330,000,000  gala  per  year,  or  10  gala  per  capita 
per  day.  The  pumping  plants  consumed  6,33S  tona  of  coal  per 
year,  or  1.23  tons  per  million  gala  There  were  425  miles  of  pipe 
line,  and  the  coat  of  the  water  syatema  waa  16.200,000,  or  114,600 
per  mile  of  pipe  line.  There  were  3,270  hydrants  and  24,144  serv- 
Ices,  or  nearly  8  hydrants  and  60  services  per  mile  of  pipe  line, 
me  ooM  of  the  water  n'Btema  was  nearly  1370  per  capita,  or  tt.130 
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per  million  gallons  annually  ronaumed.     The  aoDUal  aoM  af  t^wra- 
tlon  waa  aa  follows: 

Par 

HlUlon 

Total.  Uals. 

Pump   atatlon    sxpenae    I  C2.40<l         f  14.3t 

Other    expenBGB    90,100  !0.7I 

Intareat  4%  on  16,200,000    348,000  ET.04 

Depreciation,   1  %%  on   16,200,000 93,000  Il.lS 

Total     |1S3,G00         I113.G0 

Group  HI. — Bl)tht  cltlea,  total  populntlon  448, GOO,  on  the  pipe 
lines,  conBumad  10,750.000,000  gala  par  year,  or  65  sala  per  capita 
per  day.  Tha  pumping  planta  consumed  10,S3G  tons  of  coed,  or  1 
ton  per  million  gallons.  There  were  875  mllea  Of  pipe  line,  and 
the  cost  of  the  water  systems  was  tl6,300,O0U,  or  124.100  per  mils 
of  pipe  line.  There  were  B,400  hydrants  and  67,848  aarvlcoa,  or 
8  hydrant  and  SB  services  per  mile  of  pipe  line.  The  cost  of  the 
water  syatems  was  |3S3  per  capita,  or  tl.ElG  per  million  gallons 
annually  consumed.     The  annual  cost  of  operation  was  as  follows: 

Per 

MUlloa 

Total.  Qals. 

Pump   station   expense   t    lOl.TOO         |     >.«• 

Other    expenses     203,800  18. 7S 

Interest.  4%   051.000  61.11 

Depreciation,    m%    244,GO0  22.67 

Total     11.201,400  1111.84 

In  this  group  there  was  one  city  ot  44.000  population  where  the 
<~OBt  was  only  165  per  million  gallons,  distributed  thus: 

Per 

UllllOB 

Total.  Gala 

Pump    station    expense     1   11,4(8  1  7.41 

Other   expenses    17,05$  *,gt 

Interest,    4%    OS.IOB  IS.ll 

Depreciation,    IV,%    23,851  11.14 

Total     1118,578         ieS.4> 

The  coal  consumption  was  0.7  ton  per  million  gallons,  the  dyna- 
mic head  being  130  fL  (static  head,  12!>  ft.).  The  cost  of  the 
system  was  tlOl  per  capita,  or  I2S.00O  per  mile  of  pipe  line,  or 
tSSO  per  million  gala  consumed  annually.  This  low  flrit  cost  of 
plant  per  million  gallons  annually  consumed  is  not  due  to  supe- 
rior design  of  plant,  but  to  the  large  consumption  of  water,  which 
was  112  gala  per  capita  per  day.  The  per  capita  cost  of  water 
was   f2.6B   per   annum,   which   Is  above   the  average  cost   of   this 

Prices  of  Cost  Iran  Pip*.— Figure  1  shows  the  prices  paid  for 
cast  iron  pipe  in  cities  and  towns  of  the  Central  West,  centering 
.ibout  Chicago,  according  to  data  collected  by  J.  W.  AlTord  from 
various   pipe  conlracta 

The  prices  of  pipe  are  per  ton  of  2.000  Iha,  and  are  from  17  to 
110  above  the  prices  tor  pig  iron  per  ton  of  2.000  Iba.  In  the  annie 
Inoallllea  at   the   same   lime. 
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Caft  1 


1   Pipe. 


Weight  of  Cast  Iron  Pipe.— pipe  liom  3  Ina.  to  60  ina.  diameter 
Is  cast  la  12-ft.  lengths,  that  Is  In  lengths  that  require  HO  pipe 
lenKthB  to  lar  a  znlte  of  pipe  line:  IVt-in.  and  2-ln.  pipes  are  not 
otten  used,   but  when  used  are  cast  tn   shorter  lenRths. 

Table  la  Blves  the  approximate  weights  of  cast  Iron  pipes.  It  Is 
customary  to  paint  the  weight  of  each  pipe  Inside  the  pipe.  As 
variations  In  single  pipes  of  E%  from  the  listed  weight  are  com- 
mon.   It  Is  well  to  specify  the  maximum  average  variation  allow- 
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LMid  Riqulrad  for  Jolntt.^^BUIlnsH  atatea  that  the  theoretical 
amount  of  lead  required  (or  Jolnta  In  pipe  u*ed  In  Boston  waa  given 
by  the  formula.  p  =  2d.  In  which  p  =  lbs.  of  lead  per  Joint,  and 
d  =  diameter  of  pipe  Id  Inches.     Actually,   however,  the  followlns 

StM  Actual     Theoretical 

otplpe.      Ibn.  lead.      Il>a.  lead, 
loa  per  }olnt.     per  JolnL 

t  7.7  la 

ti  S.l  1« 

16  11.0  ii 

16  Xt.7  it 

In  the  folIowliiK  examples  of  cost,  data  will  be  found  aa  to  the 
amount  of  lead  used  in  dEIIerent  caxea. 

Items  of  Coat  of  Pipe  Lsylnn  and  Male  rial  a.— The  eipresslon, 
"cost  of  laying  pipe."  la  usually  used  lo  Include  all  labor  costs  Of 
trenchlnKi  distributing  and  placing  pipe,  calking  and  backfilling. 
SoQietimea  the  cost  of  lead  and  yam  la  Included  aa  "coat  of  lay- 
liiK."  Bvery  carefully  Kept  record  of  cost  should  contain  the  fol- 
lowing Items  of  cost,  expressed  In  terms  Of  the  lln.  ft.  of  pipe  of 
Stated  stse  and  weight: 
HBterials: 

Cast  Iron  pipe. 
Lead  for  Joints. 

Wood   blocks.   If  any. 
l^bor; 

Labor  loading  wagon  a  from  cars 

Teams  hauling. 

Labor  unloading. 

Labor  distributing  along  the  trench. 

Teiuns  trenching. 

lAbor  excavating  trench. 

t^bor  digging  bell  hales. 

lAbor  hackfllllng  holea 

Teams  backfllling  holea 

Labor  pumping. 

lAbor  placing  pipe   In  trench. 

I^ltor  placing  yam  in  Joints. 

tdtior  melting  and  pouring  lead. 

Labor  calking  Jolnta 

Foreman,  water  boy,   watchman. 

Oenei*]  superintendence,   timekeeping  and  oHlcc  expense. 
Supplies  and  Toots: 

Timber,  etc,  tor  bracing. 

FueL 

Repairs  and   depreciation    of   toola 

Eixploslvea 
ICiacellanaous : 

Pay  roll  Insurance   (scctdenl). 

Insurance    of    public    (accident). 

Premimn  on  contractors'  bond. 
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While  the  llDeal  foot  la  the  common  unit  used  In  expreMlns  the 
cost  of  a  pipe  line,  it  should  be  remembered  that  the  principle 
Item  of  labor  cost  Is  trenching,  which  la  better  reduced  to  the  cubic 
yard  Of  excavation  as  the  unit.  The  cost  of  loading  and  hauling 
the  pipe  should  also  be  reduced  to  the  ton  and  the  ton-mlle,  as 
the  beet  unite  for  comparing  coHta. 

ThQ  material  and  labor  cost  of  "BpeclaJs,"  valveK  hydrants, 
meters,  service  pipes,  etc.,  should  be  recorded  aeparatelr,  and  not 
lumped  In  with  the  cast  of  the  main  pipe  line. 

The  length  of  the  Job  should  be  recorded,  for  usuallj'  there  ll  » 
certain  amount  of  time  required  to  orgBnlie  the  gang  of  men,  to 
weed  out  Incompetents,  etc.  Then.  too.  there  Is  generally  a  "Died 
expense"  (Independent  of  the  length  of  the  Job),  involved  In  get- 
llnK  the  materials,  plant  and  men  onto  the  Job,  ready  tor  work. 
The  effect  of  these  Items  Is  well  shown  In  some  cost  records  given 
on  page  6 S3. 

The  cost  of  removing  an  existing  pavement  and  relaying  the 
pavement  should  be  recorded  as  a.  separate  Item,  expressing  II  in 
terms  of  the  square  yard  of  pavement.  See  the  section  on  Roods, 
Pavements  and  Walks. 

Cost  of  Loading  and  Hauling  Cast  Iran  Pipe.— Three  men  assisted 
by  a  driver  averaged  E  lengths  of  li-in.  pipe  loaded  from  a  Hat  car 
onto  a  wagon  in  12  mine.  Planks  were  laid  from  the  car  to  the 
wagon  and  the  pipe  was  rolled  down  the  plank  runway.  This  same 
gang  would  unload  a  wagon  In  6  mina  As  each  length  of  pipe 
weighed  nearly  %  short  ton,  the  wagon  load  was  S^  tons.  It, 
therefore,  cost  E  eta.  per  ton  to  load  and  2^  eta  per  ton  to  unload 
the  wagons,  wages  of  men  being  1G  cts.  per  hr. ;  but  this  does  not 
Include  the  lost  time  of  the  two  horsea  during  loading  and  unload- 
ing, which  Is  equivalent  to  about  2  ctB.  per  ton.  The  total  fixed 
cost  of  loading  and  unloading  was  10  eta  per  ton,  Including  team 
time,  to  which  must  be  added  the  hauling  costs  of  12  eta  per  ton 
per  mile,  where  2'A  tons  are  the  load  (wages  of  team  and  driver  SS 
ctH.  per  hr.),  and  the  team  returns  empty.  Good,  hard,  level  roads 
are  required  for  so  large  a  toad.  If  the  haul  Is  short  and  this  load- 
ing gang  of  S  men  walks  along  with  the  wagon,  (he  cost  of  hauUns 
becomes  25  cts.  per  ton   mile.   Instead  of  10   eta 

Pipe  should  never  be  shipped  in  hopper-twtCom  cars,  for  the  dif- 
ficulty of  unloading  adds  very  much  to  the  cost.  I  have  had  a  gaag 
of  6  men  who  unloaded  only  75  lengths  of  12-ln.  pipe  In  10  hra. 
from  a  hopper  gondola.  Into  wagona  Each  length  weighed  800  Iba., 
making  30  tons  the  day's  work,  at  30  cts.  per  ton.  This  work  was 
by  hand,  no  derrick  being  available. 

Water  Pipe  Trenches — Trenchea  for  water  pipes  In  the  northern 
part  of  America  are  usually  6  ft.  deep  from  the  surface  of  the 
street  to  the  axle  of  the  pipe.  In  the  9outh,  trenches  arc  only  S 
ft.  deep.  Water-pipe  trenches  are  usually  dug  not  less  than  IS 
to  24  Ina  wider  than  the  Inside  diameter  of  (he  pipe;  and  Just  b«- 
fore  the  pipes  are  laid  a  gang  of  men  enlarges  and  deepens  th* 
trench  for  a  short  apace  where  each  pipe  Joint  is  to  come:  this  i» 
called  digging  the  "bell-holea"     The  bell-holes  enable  the  yamsra 
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aikl  calkera  to  make  tbe  JoIntB  properly.  It  la  tinikllr  tMt  oeeeMary 
to  brace  the  Bides  of  a  trencli  that  la  only  E  or  t  (t  deep,  to  pr«- 
Trat  cavtnc  In.  The  shallow  dapth  and  the  abaance  o(  bcAclDK 
make  waterplpe  trenching'  cheaper  than  sawer  trenchliiK- 

The  backllllliig  Is  often  dODe  entirely  by  hand,  the  earth  belDK 
lammed  In  thin  layers.  Thlt  Is  for  more  expensive  than  backflll- 
Inc  with  B.  drag  scraper  pulled  by  borae*.  as  Is  tbown  In  the  ex- 
amples that  follow. 

Tlie  reader  la  referred  to  the  Sewer  Section  tor  odditlotULl  data 
on  trench  work. 

There  ore  several  excellent  makes  of  trench  excavating  ma- 
chine* on  the  market.  Where  enough  work  exists  to  warrant  tbe 
purchase  of  one  of  these  machlnaa,  and  where  neither  boulders-  nor 
numerouB  burled  pipe  Unea  occur,  trenching  with  ttaeae  poachlnes 
fa  far  cheaper  than  hand  work. 

The  cost  of  excavating  a  water  pipe  trench  with  one  moke  of 
trench  machine  Is  given  In  the  next  paragrapK  Costa  of  almllar 
work  In  sewer  trenching  and  In  tile  ditching  will  he  found  in  the 
Sewer  Section  and  In  the  Ulscellaneoua  Section.  See  also  the  sections 
on  £>arth  Excavation  and  Rock  Excavation.  All  data  relating  to 
trenching  will   be  found  by  consulting  the  Index  under  Trenching. 

Coat  or  Digging  a  H-Miia  Trandi  With  a  Buckeye  Traction 
Ditcher.* — A  wooden  pipe  line  Is  used  to  bring  the  water  from  the 
mountains  for  the  new  water  system  of  the  city  of  Greeley.  CotO. 
This  line  Is  36  tniles  long.  Of  Ihla  distance  2,000  It.  was  In  rock. 
Tbia  part  van  excavated  by  hand  and  the  rest  of  the  trench  was 
excavated  by  a  Buckeye  traction  ditcher,  nutnufactured  by  the 
Buckeye    Traction   Ditcher   Co.    of   Flndlay,    O. 

Pot  eight  miles  the  trench  ran  through  a  stratum  of  gravel,  con- 
taining many  stones;  some  of  the  gravel  was  also  cemented  to- 
gether. The  material  In  the  rest  of  the  trench  was  clay,  rather 
bard,  but  the  machine  dug  It  with  great  ease.  In  a  ten  hour  day 
tbe  machine  In  the  gravel  would  dig  from  (00  to  1.000  fL,  while 
la  the  clay  as  much  as  2,600  It  of  trencb  was  dug  In  10  hours.  The 
style  of  machine  used  Is  shown  In  tbs  accompanying  cut.  It  was 
(L  Z8-ln,  by  Tfy-tt.  drainage  machine.  Such  a  machine  Is  designed 
for  digging  ditches  for  draining  land,  the  type  meant  (or  con- 
tractors' use  In  heavy  trench  work  being  more  substantially  con- 
structed and  of  greater  weight.  Thla  machine  weighed  IT  tone, 
while  a  contractor's  machine  of  the  same  size  would  weigh  24  tons 
and  coat  tl.SOO  more  than  this  machine  did  when  new. 

Tbe  Buckeye  ditcher.  Fig.  S,  being  a  traction  engine  as  well  as  a 
ditcb  digger,  moves  along  automatically  as  it  digs  the  trench.  It 
tbrowa  the  excavated  material  into  the  conveyor  belt  alongside  of 
tlie  wheel,  and  thla  belt  dumps  the  earth  clear  of  the  ditch,  so  ttiat 
the  earth  does  not  interfere  with  the  plije  laying  and  other  work 
that  may  have  to  be  done  In  the  trench.  The  t>ottom  of  the  trencb 
ia  rounded  by  the  bucketa  on  tlM  wheel,  so  that  pipe  laid  In  the 

* BnoltiMrlng~Cimlractlng.  Feb.  12.  19D8. 
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trecKli  doM  not  K^  from  Mda  to  side.  Two  men  can  operato  tha 
mni-hina  QodoT  (■.Torable  circunutanceB.  In  bacUUllnK  Uia  mate- 
rial can  be  pualied  into  the  trencb  by  the  dlLclMr,  lURd  ai  a  Uac- 
UoD  eDKlne,  by  faateninx  a  plank  to  an  outrlssar,  wblcta  acta  In  a 
manner  similar  to  a  aoow  plow.  A  drag  Rcraper  can  also  be  used 
In  backfllUnK-  Ttie  fact  tbat  the  machine  pulverlB«a  tha  earth  to  a 
sreat  extoit  In  dinclnK  makea  the  tMckiUUas  eaaler  than  when  the 
aarth  la  In  chimka 

The  trench  due  at  areeler  waa  threughout  Ita  entire  length  SO  Ina 
wide  and  4  ft.  deep.  This  meant  that  a  lineal  foot  of  trench  con- 
tained to  cu.  fL  of  earth  or  .1?  cu.  yd.  Aa  the  total  length  of 
trcoch  dug  by  the  machine  was  1S8.0SO  llu.  ft..  In  all  tS.taS  cu. 
ydo,  of  earth  were  excavated.  All  the  work  of  excavating  with  the 
machine  waa  done  by  4  men.  Tbe  man  rvnnlng  the  ditcher  was 
p*ld  96  per  day.  and  the  other  three. fS  per  day  of  10  boura  The 
men  worked  109  ^Lja  Tbe  ditcher  when  new  cost  tG,200,  but 
this  machine  bad  been  used  before^  and  was  bought  by  the  con- 
tractors as  a  second  band  machine. 

In  the  rammarr  of  cost  given  l>elow  we  have  allowed  It  per  day 
lor  repairs  and  rmewala  and  Interest  and  depreciation,  which  la 
SO  per  cent  per  annum  on  the  original  coat  of  tbe  macbmeL  we 
are  hifonned  by  the  contractors  that  thia  machine  used  on  an  aver- 
ace  of  1  ton  of  ooal  per  day,  the  coal  coetlng  fi  per  ton. 
The  coat  of  digging  the  trench  was; 

SOD  days,  engineer   11,600.00 

>00    daye,   helpers    2,700.00 

SOO    tons    coal     1,600.00 

too  days,  plant  charges  at  fl l.SOO.OO 

Total    *T,G«0.00 

This  con,  as  will  be  seen,  doea  not  Include  any  general  expenses, 
the  coat  of  getting  the  machine  to  and  (rom  the  Job  or  the  cast  ol 
backflUlag. 

Tbe  coat  of  water  used  tor  one  of  these  maehlnea  la  nominal,  aa 
they  use  about  1  gallon  ot  water  for  each  pound  of  cotd. 
Tbe  cost  per  lineal  foot  of  trench  for  each  Item  was : 

Bngioeer    10.008 

HeTpera    0.014 

Coal    O.OOB 

Plant    O.OIO 

Total    »O.040 

Tbe  averate  nimiber  of  lineal  feet  dug  per  day  was  62T,  al- 
thoo^  as  previously  stated,  much  more  than  thia  was  done  when 
tbe  ditcher  waa  actually  working.  The  average  given  Include*  all 
lo«t  time.  This  machine  !i  speeded  to  dig  t  Un.  ft  of  trench  S  ft. 
deep  per  minute,  and  2  Un.  ft.  ot  4<ii-ft.  trench  per  minute.  In 
SDod  material  better  speed  than  thIa  waa  obtained,  but  naturally  it 
could  not  be  made  contlnuoualy.  The  same  thing  may  be  aald  In 
resKTd  to  the  isrdase  excavated.  On  aome  days  more  than  VOO 
cu.  yds.  of  material  were  excavated,  but  ttie  average  yardage  per 
dsT  'or  0\*  entire  Job  was  23S. 
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The  cost  per  cubic  jrard  for  the  work  vbm  as  follows: 

Bnglnaer-    fD.OIl 

Hefoers    O.Ol* 

Coal    O.Ml 

Plant    O.OSS 

Total    |e.iM 

Tills  Is  low  coat  for  tr«nch  excavation,  even  for  n  ditch  only  4H 
ft.   deep- 

Tlie  contractors  for  this  work  are  the  Jacobsen-Bade  Ca  ot 
Portland,   Oregon. 

Trenching  In  Quicksand,  Using  s  Helm  Trench  Machine.*— The 
work  comprised  the  placing  of  &  20-ln.  main  In  trench  from  G  ft. 
to  13H  ft  deep  connectlnK  two  reservoirs  at  Uadlsoo,  Wla  The 
conditions  were  quite  dllTerant.  The  new  reservoir  was  located  In  a 
low  marshy  soil  with  Its  bottom  6  ft.  below  the  surface,  tbe  bottom 
of  the  old  reeervotr  was  16  ft.  below  the  surface.  The  main  con- 
necting the  two  reservoirs  was  I.OBg  ft.  long. 

Beginning  at  a  depth  of  S  fL  at  the  new  reaerrolr,  the  trench 
curving  to  the  rise  in  Che  ground  surface  Increased  to  a  depth  of 
10  ft.,  at  4SE  ft.  from  the  starting  point  Here  an  old  lake  bed 
of  816  't-  of  quicksand  and  a  stream  ot  running  water  Warn  encoun- 
tered. This  qulohsind  and  water  ha^  to  be  contended  with  to  the 
end  ot  the  pipe  line  and  with  an  Increasing  deptli  ot  trench  to  13^ 
ft.     Besides  the  unstable  soil  there  were   several  Interfering  pipe 

Work  was  begun  with  an  ordinary  derrick,  but  this  was  soon 
abandoned  for  a  four-leg  saw-horae  derrick  with  a  traveler.  For 
the  more  difficult  portions  of  the  work  still  another  derrick  or 
trench  machine,  that  shown  In  Pig.  3.  was  devised.  This  machine 
was  used  for  handling  excavation  and  pipe.  It  was  36  ft.  long; 
with  four  buckets  and  two  crank  gears  to  raise  and  lower  them. 
The  same  apparatus  was  used  to  handle  the  pipe,  a  IS-ft  length 
of  which  weighed  a.  ton.  These  men  did  the  eicavaCIng  and  low- 
ered the  pipe.  The  trench  had  to  be  sheeted  to  from  2  to  t  ft 
below  tbe  bottom  with  3-ln.  plank  braced  every  3  ft  The  rats 
of  progress  was  one  length  of  pipe  laid  every  Irt  days.  Toward  the 
end  of  the  saw-horse  derrick  work  U  took  three  days  to  lay  a  length 
of  pipe  and  by  the  ordinary  methods  It  Is  stated  that  the  same  work 
would  have  required  seven  daya  The  machine  also  reduced  the 
excavating  force  by  16  men.  Mr.  John  B,  Helm,  superintendent 
under  whose  direction  the  work  was  done,  estimates  the  saving 
per  length  of  pipe  due  to  the  machine  1168.50,  or  for  £3  lengths 
of  pipe  laid  at  J3,77B.60.  He  writes  further  regarding  the  Work 
as  follows: 

"We  had  to  pump  day  and  night  and  dare  not  pump  any  taMrr 
thaa  to  keep  the  water  down  for  fear  of  drawing  the  quicksand 
back  of  the  sheeting  Into  our  trench  and  undermining  the  dirt 

■The  buckets  were  on  a  swivel  and  held  by  a  spring,  and  were 
emptied  on  the  pipe  as  we  moved   alonR,     J:   la  .k  «■  over  three 

•FnglnerTlnff-ConlractlHi;,  Sept.    2t.    ^1' 
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Dwntha  to  lay  IIG  ft  of  main  with  from  fourteen  to  eighteen  men 
at  tlmea  uaed  to  trim  the  street  after  us.  We  did  not  Interfere 
with  tlie  street  or  street  railway  trafflc  It  was  a  macadainJMd 
street,  aod.  In  spite  of  the  treacherous  aoll  working  Id  at  the  back 
of  the  shenthlng,  we  left  the  street  In  a  passable  candltlon  for  the 
Winter.  Tbere  was  onljr  slight  settling  here  and  there  in  the  spring. 
Durins  the  whole  siege  we  bad  to  contend  with  the  water,  gas  and 
■ewer  laterals,  and  towards  the  end  we  bad  to  cut  diagonally  across 
the  street.  Here  we  had  Co  go  under  a  8-ln..  an  S-ln.  and  a  13-ln. 
wuer  main,  a  K-in.  sucllon-niain  from  the  artesian  welln.  a  gas 
main,  two  aewar  mains  and  the  street  railway  tracks,  at  a  depth 


of  13^  ft.,  with  EVi  ft  of  quicksand  and  a  continuous  stream  of 
water  lo  flght  Our  trenching  machinery  did  away  with  building 
platfonoa  to  bring  the  soil  to  the  top.  saving  ue  at  least  fifteen 
men  to  do  this  tabor,  besides  requiring  only  three  mou  to  lower 
the  pipe,  BO  easy  to  handle,  blocked  to  grade,  as  our  full  Is  only  1 
ft  in  a  distance  of  1,068  ft,  towards  the  old  storuge  reservoir  by 
gravity.  With  the  saw-horse  derrick,  towards  the  end,  when  our 
depth  Increased,  It  required  three  days  to  lay  a  pipe,  so  tliut  we 
gataed,  besides  the  fifteen  men,  one  and  a  half  days  for  each  length, 
not  figuring  at  an  Increased  depth  to  lay  the  same.  Where  we  en- 
countered so  many  pipes  going  across  the  street  and  at  times  the 
different  laterals,  wa  had  to  lower  the  pipe  at  a  slant  and  at  times 
peri»endlcular.      The  work    was  accomplished  with  ease.      I   du   not 
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tee  how  we  could  have  gut  along  without  this  Diachlne.  and  without 
the  machine  we  could  not  have  occompllahed  the  work  before  the 
cold  weather  aet  In.  bealdee  norklns  at  a  greKter  exiHuiae." 

The   trench   machine   lUuetrated  wae   dealgned   by   Mr.   John  B. 
Helm.  Euperlntendent  Department  of  Water  Works.  Hadlsoo,  Wl*., 
who  glvee  the  coat  of  the  main  as  followa. 
Pipe,   specials,   valves,   lead,   hemp,   coke,   etc.,   with  freight 

and  rartage    (  MO* 

Iiumber,  machinery,  braces,  blocks,  pumps,  etc l,tTI 

Labor <,8?« 

Total    11 ».»«! 

This  stves  a  cost  per  foot  of  (12.34* -i- 1.4«0  =  I11.S4T. 

Coat  of  Trenching  at  Cornlnoi  N.  Y. — A  trench  for  a  10-bi.  water 
Iilpe  was  excavated  2^  ft  wide  X  S  f L  deep  X  1,S00  ft  loim  =  SOD 
cu.  yds.  In  4H  days  by  24  men,  or  at  the  rate  of  fi  cu,  yd*  per 
man  per  10-hr.  day.  equivalent  to  11  eta  a  ninnlnx  foot  Or  3S  cts. 
a  cu.  yd.  The  hackflUing  woe  done  fn  3  days  by  3  men  and  1 
horee  with  driver,  using  a  drag  scntper  and  a,  short  lenEih  of  rope 
so  that  the  horse  worked  on  one  aide  of  the  trench  while  the  two 
men  handled  the  scraper  on  the  opposite  side,  pullInK  the  scraper 
directly  across  the  pile  of  earth.  In  this  way  the  backfllllng  wu 
made  at  a  cost  of  l.I  cts.  per  Un.  ft  or  2^  eta  per  cu.  yd.,  there 
being  no  ramming  of  the  backnil  required.  This  Is  a  remarkably 
low  cost  for  backfllllng,  and  one  not  ordinarily  t4  be  counted  upon. 
The  material  was  a  loamy  sand  and  graveL 

At  Rochester,  N.  Y..  with  the  size  of  trench  and  kind  of  ma- 
terial practically  the  some  as  above: 

1  man  excavated  8  cu.  yds.  a  day  at  cost  of  IB  eta  per  cu.  yd. 

1  man  backSlled  16  cu.  yda  a  day  at  cost  of  i  cts.  per  cu.  yd. 

Total  coat  of  excavation  and  bockSU.  !S  cts.  per  cu.  yd. 

The  cost  of  laying  the  ID-ln.  pipe  was  as  follows.  800  ft.  being 
laid  per  10-hr.  day  by  the  gang: 

J    laborers  dlgglnK   bell    holes  at   |1.B0 |4.te 

3  laborers  laying  pipe  at  tl-BA 4.tl 

1  man  hemplng  Jolnla  at   12.60 i.60 

2  men  pouring  lead  at  12.60 G.Ofl 

3  men  calking  Joints  at    H-SO T-Gt 

Total.    SDO  fL  at   3   Ct*    ¥14.00 

This  does  not  Include  trenching  nor  hauling  and  distributing 
pipe. 

Cost  of  Trenching,  Great  Fall*,  Mont — The  Great  Falla  (Hon- 
tana)  Water  Co.  excavated  16,500  cu.  yds.  of  earth,  1,000  cu.  yda 
of  looae  rock,  and  1.600  cu.  yda  of  solid  rock,  in  trenching  (or  a 
t-In.  water  pipe.  The  work  wsji  done  by  company  labor  (not  by 
contract),  wagea  being  |!.Z6  for  laborers,  and  the  cost  was  34  eta 
per  cu.  yd.  for  excavation  and  2^  cts.  more  per  cu.  yd.  for  back- 
fllllng and  tamping  If  wages  had  l>een  1160  a  day  the  cost  would 
have  t>een  21  cts.  per  cu.  yd.  for  excavation  and  lU  cts.  per  cu.  yd. 
for  backfllllng. 

Cost  of  Trenching.  Aelorla,  Ore.— Mr.  A,  L.  Adams  statea  that 
In  trenching  for  the  Astoria   (Oregon)   Waterworlcs;  In   llJt,   tbt 
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averased  only  T  to  S  en.  yds.  per  man  per  day. 
Later  on  another  contractor,  even  In  tlie  rainy  aeaacna,  averaged 
Marly  16  cu.  yda  per  man  per  10-lu'.  day  of  trencblnc  (IncludlnE 
iMckBlllns),  at  a  coat  (indudlns  foreman)  of  ITU  cte.  per  cu.  yd., 
KBgea  bdng  tl.IO  a  day.  TtM  material  was  yellow  clay  dus  with 
mattocke  and  ehovela 

Coat  ef  Trenching,  Hllbum,  N.  Y^lir.  W.  C.  Foater  (Ivee  the 
foUowlttS  data  on  17,000  tL  of  trenchinc  tor  water  pipe  at  Hll- 
bon,  N.  y.  The  trench  was  1  ft.  deep,  for  4-tn.  to  S-ln.  pipe. 
•Ok  dtcKlDK  waa  liard,  the  banks  belnx  full  of  cobble*  and  fr«- 
qnsntly  caved  In.  The  streets  were  not  paved.  The  ooat  of  trench- 
tat  and  backfllllus  was  10.1  eta  par  lln.  fL,  waxen  being  fl.St  for 
laborer*  and  |3  for  foremen. 

Cost  of  Pipe  Laying.  Provldanea,  R.  I.— Hr.  E.  B.  Weston,  Engl- 
neer   Water   Department,    Providence,    H-    I.,    Klvea   the   following 
tables  based  uptm  many  rollea  of  trench  work  done  prior  to  18*0 : 
EIjui  Diooino  Sand. 


81m  of  pipe,  Ins. . . 
1.  Trencfalns*  .... 
1.  I^iDK    


i.  Toole,  e„    

i.  GaUdng    

1.  Lead,  I  cts.  lb.. 


I.  Carting    .... 
i.  Total    

8Iie  of  pipe,  I 
1.  Trenchbis* 
J.  Laying  .... 
I.  Foreman  . . 
4.  Tools,  etc  . 
i.  Calblng  ■ .  - 
«.  Lead,  t  eta 


.0111 


10. 

.OTOT 


1». 


0149  -OSOS  .D2TE 


.0798 

.0340 

0618 

.8671 

4082 

ZD. 
.2088 


8.  Cartlns    0078 

I.  Total     lEOO  .18G4  .S3I0  .2S80 


.0197  .0790  .0883  .0074  .1700  .3400 
.D2Z0  .0248  .0279  .03*7  .0440  .0B77 
0208  .0234  .0205  .0191  .OSSD  .0373 
0005  .0076  .0084  .0088  .0154  .0214 
.0107  .0103  .0111  .0118  .01G9  .0301 
0320  .0431  .0553  .0083  .0960  .1209 
0090  .0116  .0131  .OltO  .0203  .0211 
.0£0S  .0276  .0340  .0618  .0748 


.0767 
.1600 
.0228 


.4174  .6030  .: 


*■  L^rhiK    

S.  PomnEu)    ... 
1.  Tools,  etc  ... 

G.  Calking  

S.  Lead.  S  eta.  11 


Habo  DniaiNo,  Habd 
plpc^  taa...  4.  8.  8.  10. 

.0380     .0960     .1063     .1147 


B  4  fL  S  Ina  below  ground 
Hoist  Clay. 


18. 


18. 


.0271 

.a!«o 

.0081 
.0100 
.0224 

.0070 


1300  

OSOt  .0333  .0802  .0411  .0G30  .080* 

.0288  .0314  .0343  .0373  .0428  .0452 

.0000  .0099  .0109  .0118  .0201  .0288 

.0107  .0108  .0111  .0118  .0159  .0301 

.0320  .0431  .OSes  .0483  .0950  .1201 

.0090  .0115  .0130  .0180  .OSOS  .0210 

.0149  .0208  .0875  .0818  .0513  .0740 

.3030  .8608  .6260  .7131 

as  the  depth  of  the  trench 
«  1  ft.  8  Ina  below  ground 
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Wagoi  In  All  cases  above  were  |1.ED  a  day  tor  labor«ri  tr«ach- 
Ins  and  laying.  K  a  day  tor  foreman,  (3.26  tor  catkem  and  IZ.Zb 
for  teams  which  probably  refers  to  team  without  driver,  Cartlns 
was  In  all  cases  fl  a  ton.  Allowance  for  tools.  Item  4,  was  made 
on  a  basis  of  T.S%  of  Items  1  and  S. 

' Tap  ajid  stop Laad  service  pipe  per  Itn.  fL 

D  am.  Tir,.  ei™  etc  Diatn.  Weigh?  *"  '"c^t  or  pip* 

ina  tappiDK.  Ins.  lbs.  laying,  etc. 

Ofl  IO.M 


i 


I                            I0.T1  IM  sioo  :t8 
IH                   10.00  .It 

In  the  above,  lead  pipe  was  assumed  at  E  ct*.  per  lb. ;  labor  of 
Irenchlns  and  laying,   IS  ota,  per  (t. 

Short  lengths,  16  to  GO  fu,  of  S-ln.  pipe  co«  S4  cts.  per  ft  In  easy 
digging  to  45  cts.  In  hard  digging  for  excavation,  laying  and  back- 
filling, wages  being  as  above  stated. 

The  trench  for  a  24-in.  pipe.  1»,1I6  ft  long  and  S.e  ft  deep  cost 
32  ctH.  per  cu.  yd.  for  excavation  and  bockHll.  with  wages  at  (1.50 

A  4a-ln.  main  was  laid  for  |1.6B  per  ft  Including  digging,  layins, 
calking  and  backnillng. 

A    I6-ln.    pipe.    374    ft.    long   passed    under    two    railway    tracltB. 

and  the  cost  of  trenching,  laying  uad  backfllUng  was  SO  els.  per  ft. 

An  8-ln.  pipe  was  laid  across  a  bridge,  and  the  cost  of  boxing. 

laying  pipe,  etc.,  was  |1.3Z  per  ft,,  while  for  a  12-ln.  pipe  the  coat 

was  tl'SO  per  ft. 

Trenches  were  ordinarily  2  ft.  wider  than  the  pipe  and  5  ft. 
plus  hall  the  diameter  ot  the  pipe  deep.  Such  trenches  ware  dug. 
the  pipe  Inid  and  backfllUng  made  at  the  following  rate  per  laborer 
engaged : 

(-In  pipe,  easy  earth 21.0  lln.  ft.  per  day 

6-ln.      "      medium    earth 17.2         "  " 

«-ln.  hard    earth lO.J 

8-ln.      "      easy    eiirth 19.3 

12-ln.      "      medium  earth 13.4         "  " 

ao-ln.      '■     easy  earth 9.0        "  " 

14-ln.      "     medium  earth 4.4         "  " 

Harth  excavation  In  trenches  where  digging  le  easy  costs  20  cts. 
per  cu.  yd. ;  roclc  excavation  averages  12  per  cu.  yd.  and  runs  as 
high  as  13,  wages  being  tI-E>0  a  day  for  labor. 

Cost  of  Lsytng  1073^  Fsal  of  Water  Mains  at  Cievsland,  O.*— 
During  190T  the  Pipe  Laying  Department  of  the  Division  of  Water 
Works  of  Cleveland,  O.,  laid  107. 8T7  ft.  of  watermalna,  the  sises  of 
pipe  and  lengths  laid  being  as  follows; 

*Sng1n«ennff-ContraeUnf,  Nov.  4.  190g. 
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ao-ia.    6,BJ»  ft, 

M-ln.    ii.m  ft. 

I(>-llL    l.SSE  ft. 

12-ln.     n.ISI  ft. 

18-ln.     1,181  ft. 

g-ln 16.099  ft. 

«-lii.     5S,41fi  ft 

4-111.     4J9  ft. 

»-ln.    i,211  fL 

Table  II,  prepared  by  U.  EL  Bemla.  superintendent  of  water 
works,  tiiowB  the  unit  coat  of  laying  tbeae  watennalna. 

Mr.  Bemla  Bt&tea  that  the  coata  were  rather  high,  owinc-  to  the 
UQUBuall/  high  prlcea  of  materials  prevalllnK  during  the  year. 
The    prices    tor    materials    at    Cleveland,    during    190T    were    as 

Per  ton. 

All  slzea  of  cast  iron  pipe,  delivered  on 
streets,  for  the  llrst  halt  ot  iSQl tM.ti 

For    the    second    half   of    1907 Jt.BO 

HlacellaneouB  castlnKi  and  special  caHlinga. 
trom  3-111.  to  16-Tn„  inclusive,  Drat  half 
of     1907      64.00 

Miscellaneous  castings  over    Ifi-ln.,   firat  hnlf 

of    190T      (0.00 

Hlacellaneoua    castings,    second    half    190T..    59.90 

Special  castings,  from  3-ln.  to  It-ln..  In- 
clusive,   second    halt    1901 (S.OO 

Special    castings,    over    16-ln..    second    hnit 


S-In.  valves    t     6.6S 

4-ln.  valves    T.03 

■-In.  valvea    11.00 

g-ln.  valves    1S.90 

10-ln.  valves    1S.2S 

la-in.  valves    34.69 

ll-ln.  valves   80.16 

10-ln.  valves    134.26 

M-ln.  valves    117.68 

t-ln.  hydrants     20.00 

4-ln.   hydrants     27.18 

0-ln.  hydrants    46.26 

Pig  lead,   first  half  of  1907 

I122.3D  per  ton  f.  o.  b.  point  of  shipment 

Pig  lead,  serond  half  of  1907 

(101.00  per  ton  f.  o.  b.   cars  at  Cleveland 

Packing    4Sc   per  lb. 

The  wages  paid  for  labor  were  as  follows: 

Per  hour. 
,...10.42 


Idbor    0.22 

Cost  Ot  Water  Pipes  Laid  at  Boston.— Mr.  C.  M.  Saville  glvee  th» 
roUowtng  data  relative  to  63  miles  of  pipe  work  done  by  c 
Cor  the  city  ot  Boston :     The  costs  are  averages  of  the  actual  c 
und«r    21    contracts,    from    IS9S    to    I90I.      As    a   general    rule 
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pipas  were  laid  with  the  axis  o(  the  pipe  t  (t  belotr  the  surface. 
The  plpea  weie  usually  placed  In  the  trench  by  a  hand  operated 
derrick  qannlns  the  trench.  In  pmctlcally  all  cases  the  rtreets 
were  macadamised.  Just  how  many  feet  of  each  kind  of  pipe  nere 
told   Is  not   stated ;    but  there  were  not   less  than   the   following 

,    12-ln.  pipe     18.B00  ft 

JO-ln!  pipe  '.'.'.'.'.''.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.il'.SOO  fL 

il-ln.  pipe    19,«00  ft, 

JO-ln.  pipe   7,200  ft. 

3E-ln.  pipe     36.800  ft. 

48-ln.  pipe     07,900  ft. 

The  arst  Item  In  Table  III  of  %30  per  ton  for  pipe  waa  calcu- 
lated by  adding  12%  to  the  actual  cost  of  120.80  per  ton.  this  12% 
bebiK  added  to  cover  Incidentals.  These  Incidentals  are  as  fol- 
low^  by  percentages; 

Percent 
Small  pipes  for  blow-offs  and  connections....    114 
fecial    castings    1  ii 

Ulscellan'eouV  liiBterlali  ".'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.    1 

Total  percentages  to  be  added  to  the  coat 
per  short  [on  of  straight  pipe 12 

The  cost  of  teaming  on  31  contracts  previous  to  181B  was  Zt  cts. 
per  toQ  per  mile,  the  averase  haul  being  2.4  miles  from  the  pipe 
yards;  but.  in  order  to  be  liberal,  30  cts.  per  too  per  mile  for  a 
2H-mlle  haul  Is  assumed  as  an  average!  wages  of  two-borse  team 
and  driver  being  45  cts.  per  hr. 

The  lead  Is  estimated  at  G  cts.  per  lb.,  and  each  Joint  requires 
about  as  many  pounds  of  lead  as  2  times  the  diameter  of  the  pipe 
in  Inches,  according  to  Mr.  SavIUe,  but  ether  authorities  do  not 
agree  with  him. 

The  column  headed  'mlareilaneous  expenses"  Is  based  upon 
actual  experience,  and  Includes  cost  of  tools.  Insurance  of  men, 
lumber,  yam.  and  Incidental  expenses.  The  toots  depreciate  about 
S0%  on  any  contract  It  was  estimated  that  4%  of  the  cost  of 
laying  the  pipe  should  be  added  to  cover  the  cost  of  toots.  The 
cost  of  Occident  Insurance  was  3%  of  the  pay  roll.  The  contract- 
or's bond  cost  'A%  of  the  bond.  Incidental  expenses  were  about 
1%  at  the  pay  roll.  It  was  estimated  that  these  three  Items 
amounted  to  2.2%  of  the  cost  of  laying  the  pipe.  The  coat  of  lum- 
ber, yarn,  etc.,  BVemged  2.8%  of  the  cost  of  hauling  and  laying. 
Hence,  tlie  total  cost  of  "miscellaneous  expenses"  was  4%-|-3.2%.|- 
Z.S%,  Which  Is  10%  of  (he  cost  ol  laying  the  pipe.  The  word  "hir- 
ing" Is  here  used  to  Include  the  cost  of  hauling  Ihe  pipe,  (he  cost 
of  lead,  the  coat  of  trenching  and  l>acklllllng,  and  Ihe  cost  of 
placing  the  pipe  In  the   trench  and   calking  It. 

The  column  headed  "labor"  Includes  the  cost  of  trenching  in 
eartli    (there  waa  very  little  rock),  and  the  cost  of   placing   the 


HANDBOOK  OF  COST  DATA. 


1 

1 

ss  5S  sc  as  3S  sa  sr:  ss  33  S5  iS  :s 

_ »  —  ,.  ..  „_  .,  ..  ,. 

1 
ill 

i:::K:::5  5:  :■■::= ::::;: 

II SS  S5  11 II  i=  B  J3  51 II 51  SI 

n 
i 

m 

S  K !!!!  11 HHK !!!!!!!! 

p!!ii!iii!i!!l!!!!l!!i- 

sa  S3-SS  ss  S3  3=  s;  :s  =s  s=  ss  sj 

_-  _.  _„  _^  „„  ^.  ..i  ,^  ii  „2  -=  := 

5iliiiilili3==5l88|S==5S 

=li!ilHiBII!!iiSBili| 

in 

i 

1^ 

;;;;.:    ;:;:;:    i;  ;: 

.^.i  ^«  i,i  ii  <«  <^  <.i  <.i  ^^  <»  ^,i  <:J 

WATER-HORKS.  «3 

7  Uw  trench  and  calklnc  IL      Wa^ca  paid  for  latMr  worv  u 


Laborers.  2d  clasa. . 
Double  team  and  dr 
Single  team  and   drl 


conHiderable    amount    of   eitrs    work   was   done    br   forc«   ac- 

it   on   3S   tnllea  of  the  pipe  llnea,   averaglnK   1!    eta.   per   ft.   of 

due    to    obatrUcUona    encountered    cauainE    cbangea    of    Iota- 


Fig.  <— Effect  of  LenBth  of  Job  on  Coat. 

In  Boaton  is  made  llie  subject  of  one  of  the  reports  prepared  by 
Metcalf  ft  Edd]'.  consulting  civil  engineers  to  the  Boston  finance 
CommlHalon.  Nearly  all  the  pipe  laid  was  S-ln.  pipe :  but  some 
e-ln.  and  10-ln.  pipe  la  included  and  a  little  13-ln.  pipe.  Since. 
however,  thla  range  in  aizea  Involves  Bubatantlaliy  no  change  In 
Irencii  dlmenaiona  the  coat  per  fool  should  bo  directly  comparable. 
The  average  labor  coats  per  lineal  foot  of  laying  water  pipe,  taken 
from  tlie  city  englneer'a  recorda  tor  the  years  IGIS  to  1»0T.  In- 
clusive, are  given  In  Table  IV.  These  are  the  figures  on  which  the 
englneerB*  computations  which  follow  are  based. 

It  wm  b«  teen  from  the  table  that  during  the  period  covered, 
wages  advanced,  the  hours  of  labor  decreased  and  the  labor  per- 
formed per  hour  also  advanced. 

Figure  i  shows  the  general  relation  of  the  cost  per  foot  to  the 

'BngKneeTtiig-CimtTaeti'nii,  Aug.   IS,   1909. 
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length  of  the  Job  for  ttre  of  the  rears  under  tonalderatlon,  vis. : 
1886.  ISVl.  1896.  1901  and  1906.  It  will  be  Been  that  the  form 
of  onrve  Is  nibatBiitlBllr  almilar  In  all  casea.  From  these  cnrvea 
warn  computed  the  Increaoe  In  labor  coat  per  foot  for  shorter  }oba 
aa  ciRniiared  with  the  coat  for  I.DOO  ft.  In  percentaKes.  and  the 
remlta  ahown  by  the  dotted  curve  on  the  oame  dlaBram.  Thla 
curve  ahowB  that  the  Increased  coat  per  foot  of  a  piece  of  work 
100  n.  long,  over  irtiat  It  would  have  been  If  1,000  ft.  long,  la  00 
per  cent-  The  Incrcaaed  coat  tor  a  100-tt.  Job  Is  EG  per  cent ;  for 
100  fL,  1«  otr  cent;  tor  400  ft.,  21 U  per  cent  i  for  tOO  tt.,  IS 
per  cent,  and  tor  600  ft..  8  per  cent. 

From  the  same  line  of  reaaonlng  It  la  readilr  apparent  that  In 
years  when  the  average  length  of  Job  Is  high,  the  corresponding 
coat  per  foot  should  be  leas  than  when  the  average  length  ts  low, 
Ftum  their  study  of  the  relations  of  average  length  to  average 
total  curt  per  foot  partly  by  mathematlcol  work  and  partly  by  the 
exercise  of  Judgment,  the  engineers  deduced  factors  hy  which  the 
costs  can  be  reduced  to  an  average  annual  length  of  Job  of  tiOO 
ft. :  the  labor  cost  so  reduced  Is  given  In  the  last  column  of  the 
table.  In  others  Words,  this  column  la  Intended  to  show  costs  which 
tfiould  be  absolutely  comparable  In  all  particulars;  having  been  re- 
duced not  only  to  a  unlfcrm  bBSls  of  Wages  and  hours  of  labor, 
but  alsD  to  a  uniform  basts  ot  average  length  of  Job. 

The  results  are  Indicated  somewhat  more  clearly  by  Fig.  6. 
showing  by  the  light  Itne  the  average  labor  cost  as  computed  by 
the  city  engineer  for  uniform  conditions  of  wages  and  hours  of 
labor,  and  by  the  heavy  Una  the  further  reduction  for  a  uniform 
length  of  Job.  This  latter  line  shows,  under  the  assumed  basis:  the 
average  labor  cost  of  about  33  ct&  per  foot  to  and  Including  1893, 
and  a  rapidly  Increasing  cost  up  to  1906.  On  this  diagram  the 
dotted  lines  show  the  effect  of  omitting  the  work  done  by  contract 
In  1904,  1906.  1906  and  190T.  which  had  been  Included  by  the  city 
engineer.  On  this  basis  It  Is  seen  that  the  cost  In  1908  and  190T 
was  somewhat  less  than  In  I90G.  although  greater  than  in  any  pre- 

Purther  comment  upon  these  diagrams  Is  perhaps  superfluoua 
Uetcalf  A  Bddy  emphasise  the  statement  Chat  Ihe  Increased  lattor 
cost  can  be  charged  to  nothing  but  Inefficiency  of  labor. 

This  Inefficiency  Is  due  to  various  causea  The  engineers  else- 
where reported  In  some  detail  showing  the  effect  of  age  upon  effi- 
ciency. Other  causes  which  doubtless  have  greater  or  less  effect 
are  lack  of  discipline,  political  appointments,  and  more  or  less 
Inefflclent  organlaation. 

Comparative  Cost  of  Pipe  Laylna  In  New  England  Cltles.*~AB  a 
part  of  the  report  by  the  special  Boston  Finance  Commission. 
which  recently  completed  Its  labors,  there  has  been  published  a 
volume  of  some  l.ZOO  pages  comprising  solely  the  reports  (nearly 
60  In  nimiber)  of  Uetcalf  A  Eddy  of  Boston,  consulting  civil  engl- 

'Bngineering-Ciinlraetine,  July  IB.  1909. 
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In  their  InreBtlgatlon  of  the  Boaton  Water  Departraent  the  «nKl- 
neera  made  a  careful  Btudy  and  analyala  ot  the  cost  ot  pipe  laying 
and  for  the  purpose  of  compariBon  also  InveatlBated  the  coBt  of 
laying  pipe  by  day  labor  In  nelghborlnx  clti«a  al  Maasachuaetta. 
The  baala  ot  actual  coat  dlirera.  In  aome  casea  oonalderablr,  alnce 
the  trenches  are  not  ot  the  same  dlmensloua  and  since  wacM  and 


f  Pipe  Larlng  in  Boston. 

hours  ot  labor  vary  more  or  leaa.  The  engineers  attempted,  how- 
ever, to  reduce  the  coat  to  a  uniform  basl^  bo  far  aa  poaalbla. 
Since  the  data  (or  adjoining  cities  are  based  on  present  coate.  or 
at  least  costs  within  a  period  of  a  year  or  two  previous  to  the  date 
of  the  report,  they  took  the  average  labor  cost  of  pipe  laying  In 
Boston  for  the  2^  years  from  ISOE  to  July  1,  180T.  Inclusive,  for 
com  pari  BOB. 
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In  Table  V  Br«  given,  tollowlnx  the  name  of  ««ch  city,  the 
waeee  and  hours  o(  common  labor  during  the  period  under  dla- 
ciinlan ;  the  length  of  pipe  included  In  maklns  up  the  average 
COM ;  the  yaar*  In  which  thl«  pipe  waa  laid ;  the  actual  labor  com 
per  foot :  the  dcoth  of  trench ;  the  corrospondlnK  con  per  foot  for 
a  trench  t  ft.  deep,  euch  as  la  used  In  the  city  of  Boston ;  and, 
Snally,  the  correspondtnc  cost  for  a  G-fL  trench.  It  the  wages  had 
been  uniformly  %i  per  day  and  the  hours  60  per  week. 

In  making  the  computations,  it  waa  assumed  that  a  trench  t  ft. 
deep  would  cost  20  per  cent  more  per  foot  than  one  £  ft.  deep.  As 
a  matter  of  fact  the  actual  Increase  In  cost  would  probably  be 
aomathlDK  less  than  20  per  cent,  ilnce  there  would  be  very  little 
It  any  Increased  cost  ot  placing  the  pipe,  making  joints,  etc.,  and 
no  increase  In  the  cost  of  teaming.  On  the  other  hand,  the  cost 
of  excavation  for  the  lowest  toot  might  be  a  little  greater  than  one- 
Ktth  ot  the  average  cost,  but  In  moat  cases  probably  not  enough 
greater  to  offset  the  practically  unchanged  cost  of  the  Items  men- 
tioned above.  The  addition  of  20  per  cent  Is;  therefore,  probably 
more  than  ample  to  allow  for  the  Increased  depth  of  trench. 

In  reducing  the  actual  costi  to  what  they  would  have  been  had 
the  wages  been  |2  per  day  and  the  hours  60  per  week.  It  has  been 
assumed  that  the  actual  etflcicncy  of  labor  per  hour  was  unaffected 
by  the  change  In  hours  and  wages. 

The  flgures  In  the  last  column  of  the  table  should  be  absolutely 
comparable.  The  greater  dIfllcultleB  encountered  In  Boston  on  ac- 
count of  many  obstructions,  etc,  do  not  enter,  since  all  Jobs  Involv- 
ing euch  difflculUea  have  been  rigidly  excluded  from  the  computa- 
tions and  comparisons. 

From  ttaem  It  Is  evident  that  the  pipe  laying  cost  in  the  city  of 
Boston  Is  (B  per  cent  greater  tlian  that  of  the  average  ot  the  other 
seven  cities,  and  nearly  44  per  cent  greater  than  the  cost  in 
Worcester,  where  It  Is  the  highest  of  any  of  the  seven. 

In  the  case  of  Cambridge,  besides  data  showing  the  cost  In  I90G, 
average  labor  cost  per  foot  was  furnished  ot  laying  4.  6,  S  and 
IZ-ln.  pipe  from  1BS4  to  1903.  The  fluctuations  in  these  costs  are 
not  remarkable  and  there  was  no  wide  divergence  from  the  average 
during  this  period  ot  ten  years.  After  adding  20  per  cent  to  make 
the  tlgures  comparable  with  those  for  0-ft  trench  In  Boston,  the 
average  tor  the  ten  years  was  40.4  cts.  per  foot  for  all  Blies,  or, 
separating  the  figures,  31.4  cts.  for  4-ln.  pipe,  S5.I  cts.  for  S-In., 
43.4  cts.  for  8-ln.  and  El.B  cts.  for  li-ln.  In  1905,  however,  as 
already  noted,  the  average  cost  on  the  comparative  basis  was  GO.S 
cts.  per  foot,  an  increase  of  49  per  cent  over  the  average  for  the 
ten  years  1894-1903.  No  data  were  furnished  which  explained  this 
sudden  Increase. 

Reducing  40.4  cts.  per  toot  to  the  |2  per  day  and  flO  hours  per 
week  basis,  the  comparative  labor  cost  ot  pipe  laying  In  Cambridge 
prior  to  1904  was  found  to  be  31.6  cts.  per  foot.  During  this  same 
period.  1894-1901,  the  labor  cost  In  Boston  reduced  to  the  same 
basis  was  r^ildly  Increaoing  and  ranged  from  ST.S  cts.  at  the  t>e- 
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Klnnlng  ol  Uw  period  to  Bt.l  cU.  at  the  end,  or  from  IS  par  cant 
to  88  par  cent  more  man  the  coat  in  Cambrldse. 

Metoalf  *  nddy  atiow  that  Irom  the  foreKOlnc  Information  It  can 
only  tw  concluded  that  under  labor  condltloua  ae  thejr  exist  In 
other  nelBliborliig  cltlei^  a  fair  average  labor  cost  for  pipe  layloB 
work,  reduced  to  the  uniform  baate  of  )Z  per  day  and  <0  hours  per 
week,  would  be  about  42  eta.  per  foot,  with  CO  eta.  aa  a  maximum. 
Of  course  Individual  Dieces  of  work  would  often  exceed  the  aver- 
OKe  and  others  would  frequently  fall  conaldentbly  below  It.  A> 
against  these  fair  costB.  this  work  coat  the  city  of  Boston,  on  the 
same  baala  of  hours  and  wages,  about  TO  cte.  per  foot  for  the  three 
jieajTS  prior  to  July,  1807.  or  from  10  to  TO  per  cent  In  excess  of  Its 


Reduced  to  the  basis  of  hours  and  wagee,  at  the  time  of  the 
report  (L  e.,  4*  hours  per  Week  and  %l.i6  per  day),  the  fair  aver- 
age labor  cost  as  estimated  upon  the  basla  of  cost  In  other  citiee 
would  be  SS.7  CIS.  per  foot,  with  TI.I  eta.  as  a  reaMoable  mailmuni, 
agaltiM  which  the  average  cost  for  the  previous  IK  years  (on  the 
eEttne  basis)  was  equivalent  to  (1.081  per  foot,  an  eicea*  of  41.S 
cts.  per  foot,  or  60  per  cent,  over  the  fair  average  cost 

It  Is  dincutt  to  estimate  the  total  eicees  cost  reniltlng  from  this 
IneOlCiency  of  labor.  The  lengths  of  pipe  laid  from  which  the 
average  costs  were  computed — Including  only  those  Jobs  on  which 
there  were  no  special  difficulties  which  might  render  them  not 
comparable  with  other  Jobs,  and  Including  no  rock  excavation — - 
constitute  but  a  small  part  ot  the  total  pipe  of  these  aiiea  (8  to 
13  Ins.)  actually  laid.  It  1b  probable  that  on  the  Jobs  Involving 
special  difllcultlea,  where  the  actual  labor  costs  must  have  been 
grester,  the  eicen  over  a  reasonable  coet  wae  also  larger ;  and  on 
contract  Jobs,  which  have  usually  been  done  at  a  less  cost  than 
the  day  labor  Jobs,  the  excess  over  a  reasonable  cost  would  be  lese. 
The  total  length  of  S-ln.  to  12-ln.  pipe  laid  In  the  year  lOOt-T,  as 
stated  In  the  last  annual  report  of  the  Boston  Water  Department, 
was  £7,149  ft.  If  th«  eicen  labor  cost  on  all  of  this  may  properly 
be  token  bs  44.1  cts.  per  foot  on  the  )Z.25  per  day  basis,  equiva- 
lent to  tll.S  cts.  on  the  \t  per  day  basis,  Chen  the  city  actually  paid 
Sli.DOO  more  than  It  should  have  done  for  labor  alone,  In  laying 
pipe  of  l-ln.  to  IS-Id.  diameter  In  I>07. 

The  total  length  of  main  pipes  laid  In  the  year  1006-7  was  71,307 
tL  Since  the  ineHlclency  of  labor  Is  not  confined  to  work  upon 
Hnall  sllea  of  pipe,  and  Is  experienced  In  some  degree  upon  the 
contract  work  as  well  as  upon  that  done  by  day  labor,  the  engi- 
neers estimate  that  this  Inefficiency  resulted  In  a  total  excess  ot 
cost  ot  [dpe  laying,  for  labor  alone,  amounting  to  something  like 
1 10,000,  and  possibly  much  more,  for  the  year  ending  January 
■1.  ISOT. 

Cost  Of  Water  Pipe  Laylno  and  Placing  Hydrant*  at  Atlantic 
Ci^. — Ur.  Kenneth  Allen  gives  the  following  data  relative  to  the 
laying  of  pipe  at  Atlantic  City,  N.  J.,  In  ISOS.  The  work  was 
done  by  the  Water  Department.     A  4-ln.  pipe  line.  1,000  ft.  long. 
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waa  laid  1b  k  trench  40  Ina.  d«ep.  in  aand  requiting  no  ibortag  a 
pumping. 
Ths  nvarmsB  force  employed  waa  as  follows: 

Per  g  hr. 

Trenching   and   baclt   filling: 

10  men   at   ll.BO |I6.0» 

H  foreman  at  KM   1-Ot 

Total.  292  lln.  fL  at  6.6  ctB |lt.O* 

pipe   Ikying: 

4  pipe    handlera    at    tl.T6 %  l.M 

2  caTkera  at    I2.B0    B.M 

1  lead  mon  at  |1.00    2.0» 

14     foreman    at    I2.O0 l-O" 

Total,   292   lln.  ft   at   5.1    Cts. 116.0) 

The  total  cost  per  lineal  foot  of  i-in.  pipe  was; 

CtB.  per  (t. 

1S.8(   IbH.  cast  Iron   plpA  at   1.1 1   eta 21.BB 

Specials,  at  2 14  eta  per  lb 1.J9 

Valves  and  boxes   8-S« 

0.45   lbs.    lead   at   4.9   eta.    per   ton Z.21 

0.024    IbB.    Jute.    5W    cts.   per   ton 0.13 

0.28   Iba.    coke    0-0! 

Hauling  at  75  CtB.   per  ton.. 0.|0 

TrenohTng,  aa  above  detailed   6.S0 

pipe    laying,    ns   above   detailed B.IJ 


Superintendence     1.2G 

Total     *5.!* 

The  avernge  cost  of  setting  10  hydrants  (4  lB.>   was  as  follow* 
per  hydrant : 

Material     11.19 

3    days    C34    hra.)    at    ll.EO ■  ■    <-50 

Total |7.V« 

The  following  was   the  coat  of  4,300   ft.  of   8-ln,   pipe; 
Per.  ft. 

4E.G   lbs.  pipe  at   |22  ton 10.611 

1.04    IbB.   Tead   at   4.S   Ota. 0.0(4 

Jute  at  EH  eta   0.02J 

Specials,   valves,  hauling,  etc 0.21T 

Labor    ■   °-"l> 

Total    »l-096 

The  following  waa  the  coat  of  S,200  ft.  of  10-ln.  pipe: 

Per  ft 
«8.7   Its.   pipe    |0.j;2 


2.04    lbs.    lead    . 


Jute    '.'.'.'.'.'.'.'.'.'.'.'..'.'. 0.04S 

i4peclalB,  valvei,  hauling,  eto 0.124 

Labor    U. 

Tflal     «S99 
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Tba  IMkiwliic  wu  tbe  cort  of  J,«M  ft-  of  IMn.  plpa: 

Per  ft 

84.3   IbL    plp«    tO.>tl 

1.J7    ItM.    lekd    0.111 

Jate     0.041 

^«eial^    TalT«s.    hanUnc.    etc O.ITI 

Labor    0.7»0 

Totol    irttl 

Tt  wfD  be  noted  that  the  labor  coM  for  the  S.  10  and  11-In.  pip* 
was  abnonnallr  ht^i.  said  to  be  due  (o  expensive  croaslaKa  of  other 
plp«  Udbb  and  to  the  presence  of  Bdjacflnt  ebs  pipe^  etc,  whit-h 
had  (o  b«  cared  for. 

Coat  of  Laying  a  14-in.  Pipe  Line,  Wllku-Barra,  Pa.*— The  work 
conalstad  of  lajlng  T5D  fl.  of  It  In.  bell  and  eplgot  pipe 
at  WUkes-Barre.  Pa.,  in  October.  1905.  The  work  was  done  by 
companr  labor  and  the  dletrlnK  was  easy.  The  pipe  was  distribut- 
ed with  a  truck  on  a  narrow  Katce  track  alonK  the  trench. 
The  pipes  were  placed  In  the  trench  by  a  hnnd-oppratrd  derrick 
spannlnB  the  trench.  The  coat  of  the  pipe  line  was  as  follows: 
UsUrlals: 

C!  pieces  14-Inch  pipe.  TT.TT3  lbs. 

G  places  I4-tnch  bends.   2.352  Iba. 

Freight   on    pipe    and    bends 

1.421    lbs.     lead    at     »0.05 

GS    Iba.   hemp   at    tOOS 

Total  cost  of  material 

Idbor: 
SxcavatlnfT    and    distributing    pipe.    S4    days   > 

JI.74      

Laying  and  calking.    21  3/»   days  at    t1.I4 

(.■overTng    over,    12^/9    days    at    »1.71 

Covering  over,   S    days  at   fl.TS      s.db  .via 

Superintendence  and  engineering  IS.ZO  .Oie 

*    187,87  TO  249 

Total  cost  of  material  and  labor Tl.S2T.8«         TI.770 

For  the  above  Information  we  are  Indebted  to  Mr.  DoubIrb  Bunt- 
ing,   Chief  Engineer,    L*high  A   Wllkea-Barre  Coal  Go. 

Cost  Of  Water  Pipe  Laid  at  Alliance,  O.— Mr.  L.  U  Trlbus  give* 
tbe  following  costs  of  work  done  In  1S91,  the  material  being  loam 
and  clay  excavated  to  such  a  deptli  that  4  ft.  of  earth  would  be 
left  on  top  of  each  class  of  pipe  after  backHlIltig : 

Site  ot  pipe  In  Ins. 4  6  B  10  12 

Wt.  of  pipe,  lbs.  per  fu. .       19  30(4  44  42  TS 

I,be.    Q>ecial  per   fu 0.4  0.T6  1.1  l.GG  1.9 

Lbs.   lead   per  ft 0.4  O.SC  1.0  I.2E  l.E 

Lbs.    yam    per    tt 0,02  0,025  0.05  D.OS  0.1 

Total    length    In    ft 2,g»0         ),7<D  l.BOO  3,320  2.»30 

•  Engineerina-CoHtractlng,    Nov.    7,    190». 


TotaL 

Peril 

917.18 
t.l2 

'J 
.09( 

.oos 

1,H0.S9 

}I,521 

TotaL 

Per  ft 

"9! 

I0148 
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Coat  P«r  Un.  F'ool  laid. 

SlM  of  pipe  In  ins- *               ^               3             10  11 

Plp«    (0.2310     tO.IISO     I0.&3&0     tO.T470  10.9400 

^jn.., ..  ._, n,«n           0189           „2fl8         .0371  .0470 

.0078         .0110         .014S  .0110 


Special 
f&ulin 


Trenching    1240         .1210         .1287         .1480         .1903 

Pipe  layUg    0370  .0340         .0313         .0E42  .0463 

Total     tO.4360     ID.GOGl      |0.7Se3      (1.0097      |i.IZ4e 

This  work  was  done  by  laborers  and  men  employad  by  the  water 
oompany  and  does  not  Include  coat  of  superintendence.  Tlie  4-f(. 
cover  over  the  pipe  waa  In  some  cases  exceeded.  The  dlKglns  *&■ 
comparatively  easy  with  little  ground  water  to  bother.  Mr.  Tribua 
Informs  me  ttiat  the  wages  paid  were:  laborers.  tl.3G;  pipe  han- 
dlers,  tl.&O ;  ana  caikera,   12. 2G,  per   10-hour  day. 

Cast  of  Water  Pip*  and  Service  Connection*  at  Porlervllle,  Cal. — 
Mr.  P.  E.  Harroun  gives  the  following  data,  on  laylhK  4,  t,  8  and 
10-ln.  water  pipe  and  making  service  connections,  at  PortervlUe. 
Cal..  In  1904,  The  work  was  done  by  company  labor,  and  the 
workmen  were  very  Inefllclent.  All  tTenches  were  lli  ft  wide  and 
t%  ft  deep  In  a  heavy  adobe  (clay),  except  for  short  stretcbea 
In  sand  as  hereafter  noted.  The  streets  were  not  paved,  but  cov- 
ered with' 4  Ina  of  hard  rolled  clay  and  gravel  which  rsQulred  a 
4-horse  plow  to  break  through.  In  backfilling,  a  "go  devU"  was 
uaed  to  throw  the  material  Into  the  trench  wherever  practicable^ 
and  water  from  street  hydrants  was  used  to  consolldnte  the  bade 
flIL 

Cost  of  4-la  water  pipe  line  (2,846  ft  long,  of  which  100  ft  were 
Id  sand); 

PertL 

Idbor  trenching,  at  30  eta  per  hr. 10.070 

Two   horses   trenching,   at   IE   cts.   per   hr. O.OOI 

I^bor  digging  bell-holes,   at   10  cts.  per  hr, O.OIS 

Lalwr  laylnii  pipe,  at  20  eta  per  hr 0.010 

Tamers,  at  22  W  cts.  per  hr O.DOt 

labor   pouring  lead,    at   ID    eta   per  hr. 0.004 

Calkers,  at   IS   eta   per  hr O.OOg 


Labor  backfilling,  at  20  ct^  per  hr 6.0H 

Two  horses  ttackdlUng,   at  IE  cts.  per  hr 0.004 

Distribution  of  materials,  at  (0  cla.  per  ton 0.00( 


Mlacellaneoua  labor    0.004 

Foreman,  at  40  eta  per  hr 0.017 

Timekeeper    O.OOt 

Total  cost  of  laying  per  ft tO.lEt 

The  coat  of  materials  for  tbla  4-in.  pipe  line  was  aa  toUows: 

Per  ft. 

pipe    (1,310    ft,    3D    ahort   tons),    t4<.40 |D.4I1 

Specials    (4,432    "- '     —  """ 


,432    lbs.   ,   at   SM,    eta O.OM 

vaives    v»i,   at    f9.40 „ O.OIJ 

Hydranta    (B>,   at    (38.00 O.JBJ 

Lead  (1,010  iba),  at  E.B  eta 0.0» 

Tarn   (lOS  Iba),   at   G,4   cU •.»! 

Tools     O-JU 

Mlscellaneoiis    ■  0-00* 

Total  materlala  per  ft  lO.H* 


WATER-WORKS, 
at  (-In.  watar  pipe  line   (SS8  ft.  long,  i 


LfLbor  traiu^lliK.  Bt  !0  ctl.  p«r  hr t'-OTS 

Two  horse*  trenching,  at  It  eta.  per  hr 0.041 

Idttwr  diKKinc  bell-holea.  at  20  cts.  per  hr. O.OIT 

Labor  laying  pipe,  at  30  cts.  per  hr O.Ot) 

XameTH,  at  32  M   eta.  per  hr O.OOG 

lAbor  pouring,  at  iO  eta  per  far O.OOT 

Calkera,    at    £6    cla    per   hr 4.010 

Xiabor  backfllUng.  at  20  ctt.  per  hr 0.013 

Two  horsea  backfllllnK.  at  IB  cto.  per  hr. 0.004 

Ulscollaneous    O.OOB 

Distribution  of  materlala,  at  60  eta.  ton ^ 0.011 

Foreman,  at  40  eta  per  hr. 0.011 

XimBkeeper   O.OOI 

Total  cost  of  laying  per  f 
The  cost  ol  materials  for  thli 

Per  ft. 

Pipe  (8I«  ft.,  It.ia  tons),  at  143.40  per  ton tO.«I8 

■' ■-'!    (1.420   Iba),   at    1(4    cts. O.BGG 


Specials  (1.420  Iba),  a 
Valves  (10),  at  115.65 
Hydrants  (9),  at  t2».B5 


Jj^A     (804    ItM.},    at    5.3    cts 0.051 

Tarn    (42   Iba),  at  5.4   cts 0.D03 

(jenei»i'il!illi'.!^l!Xli!i'i!m'!i'X.!!i!l !!!!!!! !!".!'  o!oio 

Total   matsrlalB  per  ft 11.122 

Coat  of  8-ln.  water  pipe  line  <2.C58  IL  lonK.  of  which  800  ft.  were 


Labor  trenching,  at  20  eta.  per  hr.. 
-— -ig  ball-hc'~-   -•  ""  -•- 

^roersT'at  aJSct' 


Labor  digging  ball-holes,  ai 
■  -'r  laying  pipe,  at  20  c 


Labor  laying  pipe,  at  ib  cts.  per  hr.. 


Two  horses  baSfllllng.  i 

Miscellaneous    v.uui 

Distributing  materials,    at   60   cts.    per    hr O.OIS 

Foreman,  at  40  cts.   per  hr O.OIT 

Timekeeper  0.003 

Total  cost  of  laying  per  ft I0.18S 

The  cast  of  materlala  for  this  S-ln.  pipe  line  was  as  follows: 

Per  a 
Pipe    (S,B12    rt.,    67,61    tons),    at    $43.40 (0.8T8 


I    (>,«1S 
I    <180   I 


0.009 

Total  materials  per  ft.   I118I 
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Com  of  lO-iu.  water  pipe  line   (124  ft.  o(  pipe,  11  fL  of  Bi>«clala: 
total.   1S8  ft.)  : 

Per  ft. 

Labor  trenching,  at  20  cts.  per  hr t0.174 

tAbOT  dlBSlng  ^ell-bole^  at  20  cte.  per  hr 0.015 

Labor  laylnx  pipe,  at  20  eta.  per  hr. 0.012 

Labor  yarning',  at  20  cts.  per  hr 0.00:f 

Labor   pouring,   at   20  eta.  per  hr 0.003 

Labor  oallilne,  at  20  eta.  per  hr O.OIG 

Labor  backnuing,  at  20  eta.  per  hr 0.060 

Labor  mlacellaneoua,   at  20  eta.   per  hr 0.016 

DlBtrlbuIlon  of  matertals.  at  60  cts.   Ii>li 0.02O 

Foreman,  at  10  eta  per  hr O.OH 

Timekeeper    0.002 

Total  labor  per  ft 10.113 

The  coat  of  materials  for  thu  10-ln.  pipe  line  waa  aa  foUowa; 

Per  ft. 

pipe   <l2i  ft.   3.T4   tons),  at   t43.40 tl.lI'J 

Spoclala   («03   Iba),   at   i\   eta. 0.178 

Valves    (1>.    at    (31.60 O.iGl 

Lead    (2GS    Iba),   at   6.3   eta O.IOfi 

Yam    <14   Iba),  at  5.4   eta 0.006 

ToolB     O.OIS 

Mlacellaneoua    O.OO) 

Total  materials  per  ft |t.741 

Coat  of  service  connections   (K-ln.  screw  pipe): 

Sach. 

lAbor  trenchlDK.  at  20  eta  per  hr 16.611 

Tapping  and  making,   at  40   eta   per   hr 1.001 

Tapping  and  helper,  at  20  eta  per  hr B.SS> 

BackfllllTig,  at  20  eta  per  hr. 0.206 

Total   labor  per  connection f2.111 

The  coal  of  icaterlala  for  each  service  connection  was  aa  follows: 

Ooosenecks  and  cocka    (2.48 

Fittings     0.40 

Tools    (»Bg)     f.811 

Tappinx  machine    (tSl) l.SS 

Total  materials  and  tools  per  connection f  4.T1 

It  will  be  noted  that  the  full  cost  of  the  toola  and  tapping  nw- 

chlne  Is  chareed  to  these  78  connections,  maklnc  the  cost  of  each 

unusually  high. 

Assuming,  as  above  staled,   that   the  trenchea  averaged   IH   ft. 

wide  and  2^  fL  deep,  the  coat  per  cubic  yard  of  trench  work  waa 

Centa. 

Digging    trench     M 

Digging  bell-holea IJi 

BacViaillnc 8i{ 

Total  per  cu.  yd.   Bfi 

An  Unusually  Expensive  Pises  of  Work. — "G.  8,  W.  '18"  In  TlM 
Technlc  ot  1896,  glvea  the  following,  the  material  In  all  cases  being 
clay:  Wagea  of  laborers  IG  eta.  pipe  handlers  16  to  ITH  cts.,  fore- 
man 20  els  per  hour:  depth  of  trench,  4  to  E%  ft.: 


WATER-WORKS.  «T5 

Ejxampld   ...•.•-•> -.A  B  C  ^ 

Sfie  of  pipe,  Ins.    21  24  IZ-IS  10 

L^nKth   ofplpe.    fl 2,650  Z.2001  8,841  8.989 

Excavation,    cu.    yd«.    ....      2,710  1,963  3,*41  4.608 

Surplua    earth,*    cu.    yds..      I, SOU  HSI  1,031          

Coetol  excavation  per  ft..tO.:iTS5  10.333  I0.20S1  tO.Z4ie 

Com  of  pipe  lajlnB,  per  ft     .2480  .182  .2089  .0939 

Cost  of  beU  holes,  per  ft..      .IGDO  .128  .0354  .0098 

Coat   of  backfllllnB.   per   ft     .1T9I>  .191  .1128  -'5*0. 

Coat  of  ramming,    per  It..      .7027t  ."OTt  .289Sf  .13221 
Cost  of  tile,  hoae  work,  per 

fL     ....7. 074  0200 

Cost      of     loading     excess 

earth,   [L    0898  .04»  .0383  .0026 

Cost    of     carting     exceas 

earth,    ft    0638  ■      .088  MJt  .0046 

Total   labor   coat   per 

ft.     tl.l9G3  11.1161  (1.031811  t0.t433 

Coat  of  excavation,   cu.  yd.  0.2Be2  0.373  .3738  .4807 

Cost  of   backHUlDg.    cu.  yd.  U.18S4  0.316  .2228  .2708 

Cost   of   rammlDK    cu.    yd..    0.7461t  0.121||  ,G434t  .86181 
Cost  of   tile,   hose     work, 

cu.    yd.     0.084  .....  

SwelllDS  of   material     on 

loosening    44%  30.to4414%»    20%  

'This  surplus  earth  was  hauled  away  In  wagons,  after  ailing  the 
trenches  and  leaving  a  4-ln.  crown  to  provide  for  settlement. 

}1.40CI  feet  of  this  treni^h  was  backflUed  without  ramming,  using 
water  Instead ;  ramming,  however,  was  much  more  ellectlve  In 
coDipactlng   the   clay. 

tRammed  dry  in  4-ln.  layers. 

iRammed  tret:  the  portion  that  was  rammed  dry  cost  11.40  per 
ft.    total. 

I  [This  total  does  not  check  with  the  Items,  so  there  must  be  an 
error  somewhere. 

With   labor  at   11.38   for   S  houra  and  material   clay   as  before, 
s  paved  with  wood.    "O.  S.  W."  also  gives  thf  following: 


H. 


Slie  of  pipe  In  Ins. 12  12 

Depth  of  trench.   (L S  6  ■  o 

Length  of  trench,   ft 1.048  2,475  2,632  2,049 

Coat  of  excavation,  per  ft tO.186  80.134  80.1920  80.1442 

pipe  laving,  per  ft 267  .182  .1218  .0878 

backflllluK,   per   ft 450  .390  .394*  .3832 

hauling  surplus,    per    ft....      .014  .011  .0101  .0194 

Total  labor  cost  per  ft |0.9D7      |0.«97      J0.T18S      »0.674i 

The  two  moat  striking  features  In  the  foregoing  data  are  (I> 
the  enormous  swelling  of  (he  clay  upon  loosening  and  casllng  It  out 
of  the  trenches,  and  (2)  the  extraordinary  high  coat  of  ramming 
the  clay  In  backlllllng.  II  is  dlRlcull  to  explain  either  of  those  Items 
except  upon  the  assumption  that  the  loosened  clay  dried  out  when 
exposed  to  the  sun  and  air.  forming  hard  rock-Uke  cloda  which 
no  amount  of  ramming  seems  to  have  consolidated  effectually. 
Adding  water  as  In  Example  B  seems  to  have  had  no  very  good 
effect  In  consolidating  the  backfill,  although  It  was  less  expensive 
than  ramming.  But  It  Is  a  welt-known  fact  that  water  makes  dry 
clay    swell,   and    It   does  not    cause   layers  of   hard   lumpy    clay   to 


876  HANDBOOK   OF  COST  DATA. 

aettle  IB  a  trench  oxcopt  aa  a  remit  of  weeks  of  alow  leepase  of 

It  will  be  noted  thai  all  this  work  was  extraordinarily  expensive. 
Bven  the  pipe  laylnx  coat  double  the  UBual  Btnount  We  msr  Infer 
that  thli  work  was  not  done  by  contract  but  by  day  labor  for  a 
municipality  or  a  company,  and  that  the  foreman  did  not  aecure  "ti 
day's  work"  from  the  men— which  li  eo  often  the  case  In  muntclpal 
day-lalMir  work. 

Coet  of  ■  B-ln.  Pipe  Line  In  Ohio.— Mr.  E.  H.  Cowan  baa  given 
me  the  rollowlns  data:  A  B-ln.  pipe  llne^  IVt  miles  long,  was  laid 
In  an  Ohio  city  by  contract,  tbe  coat  per  foot  of  pipe  line  to  the 
contractor  being  aa  toiiowa: 

Per  ft 

33.74  Iba  of  S-ln.  pipe,  at  134  per  short  ton fD.40S 

O.ST  lb.  of  ipeclals.  at  IK   eta.  per  lb. O.OIB 

Hydrant    connections,    4-fn O.OOS 

Hydrants.    t2fl   ench 0.»tl 


Gates   (112.80  each)   and  gate 

0.74  lb.  lead.  4W  eta  per  lb...  __ 

O.07  lb.  Jute  packing.   S?4   cla  per  lb 0.003 

-  ■    ■.  isy       -----  


Dr.  18K  to  it  eta  per  ft.  averaging 0.111 

■nlng,  0\4  c "-^  —  


0.74  lb.  lead.  4U  eta  per  lb 0.0S3 

" ute  packing.   BK   cla  p       "  

.8H.  to  !•  eta  per  ft. 

Teaming,  0\4  eta  per  short  ti _ _.. 

MlBcellaneouB  Items   O.OOS 

Total  to.'$ii 

The  working  force  wna  aa  follows; 
1  foreman,  at  t2.G0  per  lO-hr.  day f  1.G4 

!  Mib-toremen,  at  fi.oo 1.0* 

9  men  fn  pipe  sang  (Including  2  calkera).  at  %l.1i IB.TC 

3t  laborera  digglnK  trench,  at   H.GO 4S.0* 

12  laboiera  backMIInK,   at   tl-GO 1S.00 

1  waterbor.  at  li.oo 1.09 

Total.  433  llD.   ft.,  at   10.211 tSl.IS 

At  times  the  back  nillng  gang  wai  engaged  In  trench  di^ng. 
Trenches  were  E  ft.  2  Ina  deep.  The  digging  ranged  from  the 
easiest  spading  to  the  hardest  picking,  the  average  being  "average 
earth."  Could  the  contractor  have  been  present  all  the  time,  the 
cost  might  have  been  less.  The  bactcfllling  Was  done  by  liand,  and 
tt  was  not  rammed,  but  the  trench  was  flushed  With  water.  No 
material  was  hauled  away.  The  work  waa  done  In  August  and 
September,  1002,  and  there  was  very  little  mln.  It  waa  not  neces- 
Mry  to  brace  the  trench  except  at  a  few  spota 
Cost  of  Water  Main  and  Service  Pipe  Laid  In  a  Southern  City.— 
Mr.  C.  D.  Bnratow  gives  coat  of  Bhallow  trenching  and  pipe  lay- 
ing In  a  southern  city,  where  negro  laborera  were  uaed.  From 
the  data  given  by  him  I  have  compiled  the  following  tablea  of  cost; 
[for  the  moat  part  the  trenches  were  15  Ina  wide  at  bottom  and 
10  Ina  at  top.  and  S  ft  deen.  Borne  trenching  waa  done  using  a 
team  on  a  drag  scraper.  10  fna  wide:  then  the  trench  waa  mad* 
I  ft  wide  at  top.  Hslng  teams  was  more  economical,  as  may  be 
seen  by  comparing  C  with  D  In  the  foregoing  labia  After  a  rain, 
however,  the  scrapers  could  not  be  used  to  advantage.  In  using  a 
plow  for  loosening  the  earth,  several  feet  of  chain  are  fastened  to 
the  end  of  the  plow  beam,  and  one  or  more  men  ride  the  beam:   In 
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thla  WBT  plowlnc  mar  be  done  In  a  trench  *  ft.  d«ep,  one  horaa 
wOlklns  on  one  side  and  one  on  the  other  aide  of  the  trench.  A 
blackamfth  was  kept  bus?  SharpenlnK  about  SO  picka  a  day.  There 
waa  a  night  vatchman.  The  pipe  waa  dlatrlbuted  by  contract  at 
14  ct«.  per  ton. 

TiBlL*    OF   Cow    or    TRXNCalNa    AND    PlP»IJ.TINO    IK   TH»    SOUTB. 

Wacee  per  10-hr.  day  for  nexro  laborers.  |1.2E :  for  calkerB.  ll.TG  1 
for  white  foremen,  fS.OO  ;  for  teams,  (3.2&  ;  for  horie  ridden  by 
boy,  ti.EO. 

Job    A,        B.        C         D.         E.  F. 

Pipe,   Ina.    10'  . , . .          6            8       10  8* 

I'OnKth.   ft    11,000  S.OOO  6,21G  11,362  2,636  Z1,8S6 

Width   trench,    ft. 2     

Depth   trench,   ft. a.G          3         3           8         8  S 

itaterliil     i t • 

No.   laborern  dlKElng 31         30         10           31         4E  18 

No.  teams  plowing 3Vt          6  £K 

Team  tlme^  cts.  per  ft 0.80     0.S2  O.S) 

Labor,  dlKBlnK,   ctK  ft. 8.6S     2.T1      E.19        i.i»     2.12  4.00 

Foreman,  (UkkW,  ctat  ft....      O.EO      0.23     O.Sl        0.21      0.12  0.10 

Ijabor,  plpelaylng,  cts.  ft.....     2.01    ....     0.S3       O.TT     0.94  1.12 

Foreman,   pipelaying,   eta   ft.     0.3»    ....     O.IT       0.21     0.18  0.34 

BeU  bole  &Sg\af(.  cts.  ft i.TO     O.TT        O.SB     0.83  1.14 

Bell    hole    dlKSlnc,    foreman, 

eta   per   ft. 0.3T     O.lfl        0,21     0,18  0.18 

CalklnK   cts.    per   ft. 1.30     0.B2       0.64      0.63  0.76 

BackflU  and  tanip: 

Labor,  eta.  per  ft 4.32*    1,00*    1.01'      2.09     1.42'  0.»S" 

Foreman,   eta   per   V. 0.36      U.22     0.22       0,32     0.18  0.18 

Team,*   eta    per    ft. 0.38       0.41 

Horse  ridden  by  boy,  eta  ft 0.07      ....     0.09  .... 

Total  cost,  cla   per  ft. 18.64     4.19     9.46        8.91     T.41  l.T* 

•BackflU  with  drag  scraper. 

a  old  street  1,200  ft.  In  very  muddy  Bround.    Two 
J . ,.     ««..„  jo.jjj     ,      „Bg7-.j -n 

e  laid  for  lU   eta 
than  It  cost  lor  the  10-ln.  pipe;    then  3,ZT0  ft.  of  8-ln.  pipe  il 


■Trenching  In  an  old  street  1,200  ft  In  very  muddy  sround 

alny  spells  In  18  days  of  work.    Then  10-ln.  pipe  waa  laid  to 

:  then  4,038  fl.  of  1"  ■  


—   .  ^ 1.  per  fl-  leas  than  It  coat  for  the  10-ln. 

■Cemented    clay    and    gravel    requiring    hard 'picking       Frequent 

The  backfllllnK  and  tamping  were  done  most  thoroughly,  a 
stretch  of  2,660  ft  requiring  3  days  for  30  men. 

'Band  and  loam,  bottom  land,  very  easy  digging. 

■Very  eaar  ahovslbig  and  no  tamping;  if  men  T  days  backfllled 
9,620  ft  of  trench. 

•Dragscrapers  used  to  bachnu ;   hoj  riding  horses  to  tamp,  gang 


6.447  ft 


*Bac^lled  1,610  ft  In  one  day  by  IB  men,  using  1  boy  and  horse 
on  tsmplng, 

■Half  the  pipe  was  S-ln.  at  cost  here  given,  half  was  S-ln.  coating 
K-ct  less  per  ft  for  laying. 

•around  wet  and  often  muddy.     Backfilling  11,433  It  done  br  18 
men  and  2  teama  on  scrapers  in  T  days ;   no  tamping. 

The  lead  and  yam  consumed  per  foot  of  pipe  (pipe  In  lengths  or 
12  ft)  was: 

1.1  lbs.  of  lead  and  .04  lb.  of  hemp  for  12-hi.  pipe. 
.98  tb.  of  lead  and  .04  lb.  of  honp  for  lO-ln.  pipe. 
.86  lb.  of  lead  and  .08  lb.  of  hemp  for  8-in.  pipe. 
.86  lb.  of  lead  and  .02  lb.  of  hemp  for  6-in.  pipe. 
Some   t.OOO  ft    of  1-ln.   wrou^t-tron   service   pipe  was   laid   In 


678  HANDBOOK   OF  COST  DATA. 

trench**  2  ft  deep,  i 
laying   pipe,   and   tl.^ 

For  a  dlitftnce  of  3T3  ft.  a  trench  Z  ft.  wide  and  3  fL  deep  paned 
■Arough  a  street  paved  with  bride  laid  on  T^  Ino.  of  concrete.  The 
hrlrk  was  ranored  for  a  width  of  S  ft  and  the  coat  was  aa 
follows : 

Uen,       eta  per 


Ick  and  concrete — Foreman.. 
'Btinfi   trench — Foreman    


-  ft. 


Laborers  

Labor    relarlns  concrete 

Labor  relaying  bricks 

ProfeHslonal    brick    pavers 

ProtesHlonal    brick  helpers 

Hauling  awar  23  loads  surplus  earth. . 

IS    c<:.    yda    sand    cushion i.ui 

1.700   new  brir;lcB    «.»! 

IShi  bbla  cement  to  relay  concrete 8.20 

Total    SS.EB 

Co*t  ol  Haullna.  Distributing  and  Joining  Wrought  Iron  Pipe  In 

Maryland.*— Mr.  L.  B.  Al>botl,  Chief  Enslneer  The  Consolidated 
Coal  Co.,  Froatburs.  Md.,  gives  tJjc  fnllowlng  cost  (or  hauling, 
distributing  and  Joining  pipe.  In  the  construction  of  an  S.OOO-ft. 
long  pipe  lire.  The  work  was  done  In  connection  with  the  In- 
etallBtlon  of  a  water  supply  for  one  of  the  mines  of  the  above- 
mentioned  company. 

The  pipe,  consisting  of  4,000  ft.  of  «-ln.  and  4,000  ft.  of  S-ln. 
double-strength,  wrought-iron  pipe,  was  hauled  a  distance  of  eight 
miles  over  roads  that  had  to  be  practically  rebuilt  In  many  places. 
From  the  main  road  to  the  pumping  station,  a  distance  of  %  mile. 
a  new  road  had  to  he  cut  and  gmded  for  the  heavy  loads  to  tie 
hauled  over  iL  It  took  Ave  days  to  haul  the  pipe  to  the  two  dis- 
tributing points,  from  12  to  IG  teams  being  used,  each  team  making 
one  trip  a  day.  Teams  were  paid  for  at  the  rate  of  |4,G0  per  day 
tor  a  2-horse  team.  The  4-horBe  teams,  of  which  there  were  hvit 
two  or  three  used  per  day,  were  furnished  by  the  company,  and 
charged  at  the  rata  of  tS  per  team.  The  teams  started  to  load  «t 
7  o'clock,  and  by  lime  the  12  or  15  teams  were  loaded  It  was  gen- 
erally ID  o'clock.  II  took  from  four  to  five  hours  to  go  to  the  dis- 
tributing polnta  It  was  found  that  a  2-horse  team  hauled  five 
lengths  of  pipe,  or  about  9G  IL  per  load,  while  a  l-horse  team 
hauled  nine  lengths,  or  about  170  ft.,  nine  lengths  being  atl  that 
could  be  loaded  Into  the  wagon.  The  cost  of  hauling  the  pipe  a 
distance  of  eight  milfs  was  4.T  cto.  per  lineal  foot. 

From  the  distributing  [wlnts  a  team  dragged  each  length  of  pipe 
to  Its  place  In  the  line,  the  average  cost  of  distributing  belns  nearly 
1  rt,  per  foot. 

'Bnglnerltig-CoHtrvctltti;.  Oct.   17.  1906. 
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White  the  pipe  waa  being  distributed  a  force  ot  12  men  atarted 
to  Join  It  up.  The  men  joining  and  dlBtrlbuUnK  pipe  worked  about 
elsbt  houTB  per  day.  The  greater  part  ol  the  time  they  drove  to 
their  work.  The  Joining  gang  was  paid  as  loDows:  One  man  at 
(2.25;  three  m«i  at  12.20.  and  eight  men  at  Jl.JB  per  day.  The 
pipe  was  not  buried,  but  was  blocked  up  about  a  foot  from  the 
ground.  The  entire  8,000  (t.  wao  laid  in  ten  daya.  In  many  place* 
the  ground  was  vary  rough,  and  crlba  G  and  7  ft.  high  had  to  be 
built  to  hold  tho  pipe.  The  average  cost  to  lay  and  block  up  the 
pipe  nas  2.9  eta  per  foot.  This  Included  putMng  in  stay  rods 
every  300  or  100  ft.,  to  keep  the  pipe  from  Jumping  when  the  pump 
waa  running,  and  the  placing  of  drain  cocIch  in  all  low  places. 

Coet  Of  Taking  Up  an  Old  Pipe  Line.— Mr.  E.  E.  FItzpatrIck 
furDlBhea  the  following  data  relative  to  taking  up  more  than  S 
miles  of  pipe  line  at  Oreenburg,  Kansas.  There  were  10.200  ft.  ot 
4-in.  pipe;  4.310  ft,  of  fl-ln. ;  2.060  ft.  of  8-ln.,  and  890  ft.  of  10-ln. 
After  digging  the  trenches,  the  S~ln.  and  lO-in.  pipes  were  raised  a. 
little,  and  fires  built  under  the  Joints  until  the  pipe  expandeJ  ;  then 
the  pipes  were  unjolnted  by  working  them  up  and  down  With  a 
three-leg  derrick.  The  4-ln.  and  S-ln.  pipes  were  raised  bodily  in 
long  sections  onto  the  bank,  heated  a  little,  and  unjolnted  by  means 
of  Jack-screws  and  clamps.  The  time  required  to  do  all  the 
trenching,  backtllllng  and  unjolntlng,  was  e^iuivalent  to  the  work 
of  I  man  for  42G  days;  and.  aHSuming  wages  at  fl.BO  a  day,  the 
cost  was  only  3%   eta  per  foot  of  pipe.  i 

Cost  of  Constrtictlng  snd  Laying  Oemant  Lined  Water  Pipe,  Ply- 
mouth, Maai.,  and  Portland,  Ms,*— Two  general  methods  o(  building 
wrought-Iron,  cement-lined  pipe  have  been  used  in  this  country ; 
the  first,  known  as  the  Goodhus  A  Bimie  pipe,  the  Second,  known 
as  the  Fhipps  patent 

The  Goodhue  A  Bimie  pipe  Was  generally  made  by  riveting  up 
sheets  of  wrought  Iron,  single  riveted  with  cold  rivets,  without  any 
uttempt  to  make  the  Joints  water-tight,  and  lining  this  wrought- 
Iron  shell  with  from  %  to  1  in.  of  neat  Rosendale  cement,  or 
cement  mortar  mixed  1  part  of  cement  to  1  part  of  sand.  This 
work  was  generally  done  in  a  central  plant,  or  at  different  points 
along  the  pipe  line,  from  which  the  pipe  was  carried  to  the  trench, 
there  Imbedded  In  Rosendale  cement  mortar  laid  along  the  bottom 
of  the  trench,  and  then  covered  over  the  sides  and  top  with  a  14  to 
I-in.  layer  or  casing  of  Rosendale  cement  mortar  plastered  on  with 
rubber  ^oves  or  trowel  In  the  hands  of  the  pipe  maker.  The 
trench  was  generally  baclcfUled  immediately  or  shortly  after  laying 
the  pipe. 

The  pipes  were  made  in  lengths  of  3  ft.,  and  the  Joints  between 
the  pipes  were  made  by  means  of  a  sleeve  of  wrought  :ron  with 
inner  and  outer  casing  of  cement,  or  by  making  the  pipe  tapering  so 
that  the  end  of  one  pipe  was  fitted  into  the  end  of  the  next.     In  the 

•Extract  from  a  paper  by  Leonard  Metcalf.  M.   Am.  Soc,  C.  B,. 

? resented  to  the  New  England  Water  Works  Association.  Dec.  9, 
U08,  and  reprinted  in  Bnglneerlng-Conlracting,  Apr,  T.  190». 
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larsar  nmlna  thB  Joints  were  often  plaatered  on  the  ln«tde  attar 
laying ;  In  the  imaUer  ones,  thli  was,  of  course,  not  attempted. 

The  Ptitpps  patent  pipe  was  Kenerall]'  made  and  coated  without 
as  well  aa  within  with  a  K  to  1-ln.  layer  of  cement  or  cement 
mortar,  the  outer  coating  being  held  In  place  by  a  thin  ibeet  of 
wrouKht  Iron  which  subsequently  rusted  out  In  the  trench.  This 
outer  Bheet  was  of  distinct  advantage,  however,  as  a  protection  to 
the  outer  cement  coating  la  the  handling  and  laying  of  the  pipe. 

In  a  few  coses  cast-Iron  bells  and  spigots  have  been  riveted  to  the 
wrought-lron  sheets  before  making  the  pipe,  and  the  Joints  have 
then  been  made  In  the  ordinary  manner  with  lead  tightly  calked  In 
place  or  by  the  use  of  cement  mortar. 

More  recently  under  the  Fbipps  patent,  a  type  of  cAst-troa  ring 
has  i>een  developed  which  Is  driven  home  In  each  end  of  the  pipe. — 
one  of  the  rings  being  a  female  ring,  the  other  a  male  ring — thus 
roore  rigidly  holding  the  end  of  the  pipe  and  preventing  Injury  to 
It  In  transportation  and  laylns.  and  Incidentally  making  more  con- 
venient the  placing  of  the  outer  cement  coating  of  the  pipe.  Which 
Is  made  of  grout  poured  Into  the  mold  tietween  the  Inner  and  outer 
Sheets,  with  the  pipe  standing  on  end.  The  Joint  between  pipes  is 
made  Bnally  by  the  use  ot  a  sleeve  as  heretofore. 

So  far  as  ihe  Writer  Is  aware  no  cast-Iron  ha*  thus  far  been 
developed  which  has  proven  thoroughly  Batlsfactory  and  advan- 
tageous from  the  standpoint  of  economy. 

It  is  perhaps  worthy  of  note  that  While  blue  enameled  Vlrought- 
iron  sheets  Imported  from  Kngland  were  used  In  many  of  the  early 
Installations,  In  making  the  later  ones  steel  has  been  substituted 
at  some  saving  In  cost,  though  not  In  durability. 

PlymoulX,  Jfos*. — Plymouth  is  a  town  of  about  11,000  inhabitants 
and  boa  had  a  water  supply  since  1TT6.  Until  IS5S  the  water  was 
supplied  to  the  town  by  a  private  company  and  the  pipes  used  were 
wooden  logs  with  holes  bored  In  them.  In  1GG5  the  town  pur- 
cliased  the  plant  from  the  company,  and  the  use  of  cement-lined 
pipe  dates  from  that  period. 

At  that  time  about  18,000  ft.  of  10-ln.  pipe  was  laid  and  several 
thousand  feet  of  S-ln,,  B-in.  and  4-ln,  pipe  were  laid  for  the  distri- 
bution system.  Practically  all  ot  the  pipe  laid  at  that  time  is  silll 
In  use. 

The  pipe  as  then  manufactured  consisted  of  a  sheet-Iron  shell 
about  9  fL  In  length,  lined  on  the  Inside  with  about  \i  In.  of 
cement  mortar,  composed  of  cement  and  sand  In  proportions  of 
1  to  1.  The  pipe  was  then  laid  In  a  bed  of  cement  mortar  tn  the 
trench,  ends  butled  to«ether.  with  a  sleel  sleeve  or  collar  at  each 
Joint.  The  top  and  siiles  ot  the  pipe  were  then  covered  with  two 
or  more  Inches  of  cement  mortar,  all  of  the  same  proportions  as 
used  for  Che  lining,  and  a  cement-mortar  Joint  was  made  at  each 
Joint  of  the  pipe. 

This  pipe  is  still  In  use  and  withstands  a  varying  pressure  In 
dtrterent  sections,  from  a  tew  pounds  to  about  BO  lbs 

In   1900,  somewhat  over  40  miles  of  pipe  from. 4   to  10  Ins.   In 
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diameter  was  tn  use.  At  this  lime  a  clmnKe  In  the  method  of 
making  the  pipe  was  Introduced,  and  for  the  i>a.Bt  seven  y«urB  all 
HxteaaloHB  have  l>eea  made  wltb  a  pipe  manufactured  In  the  local 
water-works  shop,  which  la  furnished  with  mechanical  devices  and 
power  machinery  necessary  for  economical  manufacture. 

The  following  description  will  make  the  present  method  of  con- 
struction clear.  The  pipe  consists  of  a  shell,  a  jacket,  male  and 
fenmle  rings,  and  sleeves.  The  shells  and  Jackals  are  of  soft  steel 
and  are  received  at  ttie  shop  In  Hat  rectangular  sheets  of  proper 
size  and  gage.  For  the  shells  of  Ig-ln.  pipe  about  30  tons  of  steel 
sheets  of  No.  13  gage  were  used,  at  a  cost  of  about  ISO  per  ton 
for  the  sheets. 

The  gage  of  the  sheets  used  for  the  shells  of  pipes  of  dlRercnt 
slzaa  Is  as  follows : 


lO-ln 17  gage 

e-ln 18  gage 

6'ln 19  gage 

4-ln 20  gage 


The  Jackets  are  all  No.  2t  gago  Iron.  The  operation  of  making 
the  pipe  is  as  follows : 

The  ^ells  are  punched  In  a  punching  machine.  The  spacing  of 
the  rivet  holes  is  %-ln.  c.  to  c,  the  edge  of  the  rivet  hole  being 
%-ln.  from  the  edge  of  the  sheet  The  sheets  are  then  put  Inio 
the  rolls  and  given  a  seml-clrcular  form,  as  two  sheets  are  used 
for  the  manufacture  of  one  shell  lor  the  IS-ln.  pipe.  After  being 
rolled,  the  shells  are  riveted  by  hand,  using  S16  rivets  with  a 
S'li-lb.  hammer,  on  a  stake,  so-called,  which  Is  simply  a  bar  of  Iron 
about  10  ft.  long,  the  upper  surface  of  which  Is  curved  to  approxi- 
mately the  same  radius  as  the  shell  of  the  pipe  which  Is  to  be 
riveted.  The  Jackets  are  punched,  rolled  and  riveted  In  precisely 
the  same  manner  as  the  shells  and  are  IH  Ins.  larger  In  diameter. 

The  rings  are  of  cust-lron.  a  male  ring  I  .■  one  end  of  the  shell 
and  a  female  ring  for  the  other,  the  female  ring  being  concave  and 
the  male  ring  convei,  thus  enabling  a.  very  tight  Joint  to  be  made 
when  the  pipes  are  fitted  together  In  the  trench.  About  thirty  tons 
of  these  rings  were  used  In  the  manufacture  of  16  and  IS-in.  pipe 
during  the  past  year  and  the  cost  of  the  rings  was  4  cts.  per  lb. 

The  next  operation,  after  the  shells  are  riveted.  Is  the  fitting  In 
of  the  rings,  and  as  they  are  made  Just  for  a  driving  fit  Into  the 
shell  they  are  driven  In  by  use  of  the  maul.  After  the  rings  are  In 
place  the  shells  for  the  18-ln..  It-In.  and  I1-In.  pipes  are  lined  by 
hand,  and  the  smaller  sizes  of  shell  from  I2-ln.  to  4-ln.  are  lined 
by  means  of  a  revolving  cone.  Neat  Rosendale  cement  Is  used  In 
llhlng.  About  3.000  bbls.  of  cement  have  been  used  during  the  past 
year  In  the  manufacture  of  pipe,  and  the  cost  was  |l.20  per  bbl., 
delivered  at  our  shop. 

When  the  i^iells  are  ready  to  be  lined  by  hand  they  are  placed 
horliontally  on  two  horses.  A  man  stands  at  each  end  of  the  pipe 
with  a  long-handled  pallet  knife,  so-called,  to  spread  the  cement 
smoothly  In  the  pipe.  This  knife  Is  simply  a  flat  blade  about  1^ 
Ins.  wide  and  4  Ina  In  length,  with  a  handle  about  4  ft.  long.    The 
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vvment  for  lining  Is  mixed  by  hand  in  mixing  boxes,  and  there  art: 
two  men  to  mix  for  the  two  men  who  line.  As  the  pipe  lies  on  tile 
liorsea  It  la  lined  lor  Its  whole  length  and  half  way  up  each  aide. 
Then  the  cement  ia  allowed  to  set.  alter  which  thu  pipe  la  i^tlled 
over  and  the  remaining  half  lined.  After  the  cement  has  been 
smoothly  spreutl  aluut  Ki-i"-  thick,  on  the  Inalde  at  the  pipe,  and 
IrreKuiarltles  whicli  nppeur  ure  corrected  by  the  use  of  the  "nlgger- 
head."  wiilcU  la  u  stlK  bruali  on  the  en.i  of  a  long  handle.  Thia 
bruah  in  the  hands  of  a  skillful  workman  can  bring  tlie  Interior 
or  the  cement  pipes  to  a  very  smooth  surface. 

At  this  point  tt  may  be  well  to  describe  the  operation  of  lining 
the  smaller  sixes  of  pipe.  The  shells  having  been  punched,  rolled 
and  riveted,  and  rings  put  [n  in  precisely  the  same  manner  as  pre- 
viously described,  are  stood  upright  on  an  elevator  which  descends 
Into  a  pit.  In  this  pll  is  the  cone,  so-called,  which  has  an  external 
<liameter  e<iual  to  the  Internal  diameter  of  the  shell  when  lined — in 
uther  words,  about  an  Inch  smaller  In  diameter  than  the  shell — 
placed  and  held  directly  over  it  on  the  elevator.  The  cone  revolves 
on  a.  vertical  axis  and  cement  mixed  by  machinery  la  put  in  at  the 
top  of  the  shell  as  It  standa  on  the  elevator  over  the  cone.  Tlie  lop 
of  the  cone,  extending  for  a  few  inches  Into  the  bottom  of  the 
alien,  holds  the  cement  from  falling  through  Into  the  pit.  Tiia 
elevator  holding  the  shell  Is  then  lowered  and  the  cone  revolving  nl 
Ilie  same  time  spreads  tlie  cement  smoothly  and  uniformly  on  the 
inatde  of  the  shell. 

The  next  operation  la  filling  and  grouting  the  pipe.  The  shellR 
a.re  stood  on  end  around  th;  edge  ol  a  platform  which  Is  about 
6  ft.  aljove  the  floor.  A  clamp  la  placed  around  the  bottom  of  the 
shell  about  S  ins.  from  ilia  lower  end.  and  the  Jacket  lowered  from 
above  fits  into  the  clamp  at  the  bottom.  The  Jacket  la  kept  sym- 
metrical with  the  shell  at  the  bottom  by  menus  of  this  clamp,  mid 
at  She  top  by  means  of  four  wedges.    The  grout  is  merely  a  mixture 

pour  readily,  and  Is  mixed  by  machinery  in  a  cylindrical  mixer 
which  has  four  paddles.  After  being  thoroughly  mixed,  the  grout 
la  poured  Into  a  metal  bucket  which  is  suspended  by  a.  chain  with  a 
wheel  and  ts  carried  on  a  track  around  the  platform.  The  grout 
ia  poured  from  the  bucket  between  the  shell  and  Jacket  Of  the 
pipe  that  lias  been  stood  around  the  edge  of  the  platform.  After 
Uui  grout  has  been  poured,  the  pipes  are  allowed  to  set  twelve  hours, 
when  the  cement  is  usually  hard  enough  to  permit  of  handling 
them.  The  pipes  are  then  loaded  upon  a  truck,  taken  to  the  yard. 
cleaned,  and  painted  with  a  coal-tar  paint  After  staying  In  the 
yiird  about  two  weeks  they  are  sufllclently  hard  to  permit  of  being 
loaded   upon   a   wagon  and  carted   to   the  trench. 

Tablea  VI  and  VII  show  respectively  the  cost  of  making  and 
laying  the  largest  eement-llned  pipes  which  have  been  ma  at 
Plymouth.  Town  labor,  only.  Is  used,  and  (!  Is  the  wage  pa.  or 
u  working  day  of  eight  hours,  for  each  laborer.  The  foreman  re- 
ceives (3. 

The   pipe-making   gang   numbers  about   16  men.   but  only  4  are 


am 
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T&BIA  VIII, — Coar  OF   ButLDtKo    60,221    Fr.    21-Ix. 

Cbmsnt-Ljmed  Supplt  Pipi  in  ISTE- 

Rights  of   way.   land  damagei.    elc 

CuBt-lron   pipe,    ipeclal,   caHilngs.   vuIvcB.   etc 

Wroueht-lron  aheeta  for  plp« ; 

441,602  Iba.    at    2.43    eta flO.; 

t.44»,5EZ  lbs.    at    2.30    eta 3iA 

Making  pipes  9  It.  long: 

1.593  pieces  at  |2.15  and 

6,073  pieces    at    %iM 

Making  joint  rings.  Inside  rings  ami  aiieclnl  rings; 

T.oei    TiagB,    neighing    846.310    Iba,    ut    l.Ua    eta 

Jroximutely,  per  1)>.    
labor,   24,176  days,  at  11.28.  approximate  ave 
day   lalKtr   being:   paid   from    |1    to    }1.2E  ;     for< 

$3.50      

Cement,    20,621    bbla    Rosendale 

Freight,   cartage,    etc 

Plnglneerlng.     rncldentals     and     mtRcellaneous     enpi 
amounting   to    8.32   per  cent,   approximately... 

Oeduct   land  damages    •. 


r  year  1308   (estlmntedl . 


Tablx   IX. — Cost   ( 


mlngnam  gage,  £3S.S7»  Iba. 
Trimming,  rolling,  riveting  and 

lahlng    2.00e    pipe    9    ft.    Ion; 

fs.60,  equivalent  to   

Rings     

Total.    1876-S     

Total,    1908     

Cement      (Rosendate),      74, '>7! 
11. 3S  iind  (1.53  U  per  blil 


Uriulviilent 
as  of  i:;as. 


Total   . . . 


13.87 

B  hired  a 


lAA 


kept  on  the  regulnr  gang  and  the  others  ore  hired  as  chey  nre 
needed. 

t'orttanil.  Me. — In  the  years  1868-1>  the  Portland  Water  Co.  tnlil 
a  20-ln.  wrought-Iron  cement-lined  supply  main,  about  1S.2  miles 
long,  from  ^bago  Lake  to  the  city  of  Portland.  Data  as  to  the 
cost  of  Ihls  main  are  unfortunately  lacking. 

In   the   years   I87S'9,   however,   a   second  wrought-lron    cement- 
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TaBIM    X. — BSTIUATB  O 


T  RipaoouciKO  Crusht-Linbd  Pipi 


Com  af  sheets,  per  lb. . 

Cost  ol  cement,   per  bbl 

Cost  oF   Joint    c^BBtlngB 

Cost  of    making      pipe. 


Weight  per  ft.  lbs. 

BblB.  cement  per  foot,  - 
Weight  Joint  rings,  lb.. 
Weight  Joint  rings,  per 


»i 

-1 

^ 

i^ 

f 

ll 

a§ 

¥ 

Is 

^^ 

■< 

26-ln. 

W.0H2 

J0.0276 

(0.0233 

10,0275 

to.oz7;> 

0.0280 

0.0276 

0.019B 

0.0276 

0.0276 

O.OOTSG 

0.0126 

,;-!•"■ 

0.0125 

0.0125 

8.3 

91.0 

8.3 

KG,;  : 


which 

englneer- 


11.06 

13.10  2.85 


•The  contract  price  at  ordinary  depths  of  cut,  and  exclusive  of 
rock,  was  TO  els,  per  Un.  ft.  The  dlRerence,  78  ctB.  per  ft.,  repre- 
sents the  additional  allowances  for  extra  depth  and  for  rock  and 


the  ground.     These  a_ ^    „, 

higher  on  the  ZB-ln.  line  than  on  the  B4-ln.  line,  and  the  fl 

SO'ln.  line  covers  subBtantlHlly  the  same  apace  as  that  occupied  by 
both  the  ZC-ln.  and  Zl-la,  lines. 
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lined  supply  main  was  1i\ld  from  llie  lake  to  ilie  city.  The  uppi'r 
poi'tlon  ul  lhl9.  iippi'O' Iniuldy  3Vii  mllea  In  length,  wus  16  ins.  in 
tliuineter;  tlie  lower  portion,  approxlniulely  11.4  miles  In  lenntL. 
■ii  Inn,  illumeter.  The  actual  cost  of  this  compound  main  wuk 
furtunuti'ly  developed  Ironi  the  books  of  the  company  and  Is  eiven 
In  Tubles  Vlll  and  IX,  ua  aome  of  the  unit  coils  to  be  derived 
*  tliei'ctrom  are  intereatlng  and  valuable.  , 

11  Bliould  be  staleil  that  the  static  pressures  upon  Ihls  supply 
main  ure  iipiiroxlmatcly  ua  tollowa: 

4       miles,  under        U—  40   lbs.  per  sq.   In. 

:;.?  iniiea,   under     40 —  6U  lbs,  per  aq.  In. 

4.9  mlJea,   under     (JU —  80  lbs.  per  «i.   In. 

2.3   miles,   under     SO — lUO  Iba   per  bi|.   In. 

U.U   mllea,   under  lUU-I^O  lbs.   per  wj-  In. 

'nie  main  Is  stated  (o  have  been  bulll  with  n  factor  of  safely  ot 
iipproxlmulely  3.  uut  the  compulation  uf  ihe  factor  of  SBfely  under 
Hevei'iil  uBsuiued  heads  Indicates  tliat  the  actual  factor  of  safety  Is 
prnbubly  not  In  excess  of  1.5  at  (he  points  of  maximum  pressure. 
asBuiiiiiis  always  Biutlo  prcsBurcs,  and  Ignoring  alike  the  decrease 
in  pressure  due  to  fricllun  and  the  Increase  In  preevure  due  to 
water  hiimmcr  or  other  causes. 

Tiie  coat  of  this  26-ln.  pipe  line  was  excessive,  owing  to  derp 
cut  work,  a  conaldcruble  amount  of  which  was  In  quicksand. 

Mr.  Allen  Haien,  who  was  one  of  the  engineers  retained  by  (he 
\\ii[cr  Dlatrlel  In  the  valuation  of  the  Portland  waterworks,  made 
the  InlcreHllnB  analyala  or  these  Iteina  of  cost  given  In  Table  X. 

Cost  of  Lining  Iron  Service  Pipes  With  Cement.— Mr.  Fayette  F. 
I'-oibes  gives  the  following  relative  to  lining  wrought  iron  serv- 
ice pipes  with  cement.  Tlie  pipe  la  bought  in  abort  lengths,  IB  (t.. 
and  ia  1  to  £  Ina  diam.  before  lining.  The  lining  reduces  the  dlain- 
I'ler  a  little  less  than  Vt  In.  Such  pipes  have  given  perfect  aatlt- 
factiun  for  ZG  years  In  Brookllne.  Miisa.  In  1900  the  cost  of  lining 
11  l-ln.  pipe  waa  1  <^  cts.  per  ft. ;  a  Z-ln.  pipe,  3  cts.  per  ft.  A  gang 
uf  C  mm  will  line  4,000  to  5.000  ft.  of  1-in.  pipe  per  day.    The  gang 

1  man  tilling  press  and  overseeing. 

I  man  working  pipes  lo  ihe  press  and  from  the  press  to  the  con- 
ing frames. 

•i   men   (one  at  each  end  of  pipe)    doing  the  coning. 

in  IS9E  the  cost  of  labor  and  cement  for  lining  9,000  ft.   of  1-la 

and  3,000  ft,   of  !-ln.  pipe  was  as  follows: 

Preparing   pipes    (65. 79 

Cementing     tC.*; 

(IrouUng     , iil.SS 

Reaming     -J. MS 

Materials : 

23  hbla  natural  cement  at  tl.lO 26.30 

Coal    for   heating   shop    t.OO 

Grand    total     t22(.3S 
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Whlcb  gives  l.S  ctB.  per  ft.  for  lining  the  1-ln.  pipe,  and  3.03  cts, 
per  (t  tor  the  Z-in.  pipe. 

A  barrel  of  cement  will  lino  and  ground  the  following  lenglha: 

I-ln.  pipe.  700  ft. 

IH-ln.  pipe,  SOO  fc 

Mo.  pipe.   300   ft. 

Extireme  care  loust  be  used  to  get  uniformly  good  resulta.  The 
following  methodn  are  best :  Use  wrought  Iron  pipe  In  1 S  ft.  lengths. 
Straighten  all  bent  pipes.  Remove  ooupllngs,  turn  them  around 
and  Bcrew  on  the  other  end.  to  avoid  trouble  !n  putting  lengtha  to- 
gelher.  Examine  for  detective  welds.  Run  a  cutting  tool  through 
pipe  to  remove  scale,  dirt,  and  projections  of  Iron  From  the  welds. 
Use  American  natural  cement  for  lining  (Portland  la  too  heavy), 
and  use  It  neat  Sift  all  cement  to  remove  pieces  of  unground  rock, 
wood,  paper,  etc  Use  cement  qulclcly  after  wetllng.  One  man 
mlies  cement  and  water,  preparing  only  enough  for  6  pipes  at  a 
time,  and  constantly  working  It  over  to  keep  at  right  thickness. 
If  any  of  the  batch  la  left  over,  throw  it  away.  The  pipes  are 
tilled  full  of  the  cement  mortar,  using  a  press  made  by  the  Union 
Water  Meter  Co..  of  Worcester,  Mass.,  who  also  make  the  cones  and. 
father  tools.  Cones  are  passed  thi-ough  the  pipe  twice,  and  th« 
b«nent  that  Is  pushed  out  Is  used  In  the  next  pipe,  except  that 
from  the  last  pipe  Qlled  by  the  batch  of  cement,  which  Is  thrown 
away.  While  the  cone  Is  being  drawn  through,  the  pipe  Is  slowly 
revolved  to  keep  the  cone  as  nearly  In  the  center  of  the  pipe  as 
possible.  However,  results  are  satisfactory  even  If  the  lining  Is 
quite  uneven  In  thickness.  The  cones  are  washed  after  each  pipe  Is 
lined.  Before  the  cones  are  drawn  through,  a  place  of  pipe  12  to 
18  Ina  long  Is  screwed  to  each  end  of  the  pipe  to  be  lined,  to  en- 
,  sure  a  perfect  lining  at  the  ends.  After  the  pipes  have  been  lined 
3  to  IT  days,  until  the  cement  Is  quite  hard,  a  thin  grout  of  cement 
Is  run  through  tl.em,  by  elevating  one  end  of  the  pipe  and  pouring 
the  grout  in.  A  rubber  cone  Is  then  drawn  through,  leaving  a 
smooth.  Impervious  lining.  The  ends  of  the  pipe  are  then  reamed 
out  to  lit  the  composition  ferrules,  and  the  threads  are  cleaned. 
Ferrules  are  made  of  best  steam  metal,  %-ln.  dlam.  on  the  Inside 
(for  a  l-liL  pipe).  Double  ferrules  are  used  where  pipes  are 
srrewed  together,  and  single  ferrules  tor  connections  at  the  main. 
These  pipes  can  be  bent  without  damage  to  the  lining.  It  care  Is 

Cost  of  Setting  Meters  and  Laying  Service  Pipes.*— Mr.  W.  H. 
ShlUlnglaw  gives  the  cost  of  setting  water  meters  during  190S 
by  the  Water  Works  Department.  Brandon.  Mnnltoba.  as  follows: 

%  In.         %  In.  lln.       IVj  In. 

49B  30  6  3 

(20. EE  fS.ST  t2.6U 


Cost  per    meter    0.693     •  1.02  1.20  1.30 

Cost  of  materials    145.73  10.34  ■"' 

Cost  per    meter    0.282  0.51 

Total  cost  per  meter 0.87B  1.53 

'Englneermp-ContTacting,  Jan.   20.   1903. 
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These  metera  were  all  aet  In  bawmentB  by  dar  labor  by  clly  em- 
ployes. The  coal  for  %-lii.  meters  varied  from  20  cts.  to  II  tar 
labor.  A  large  number  of  tbeee  metere  were  Inetalled  on  old  aerv- 
Icea  and  entailed  conalderable  alteration  In  service  pipes  and  addi- 
tional expense.  The  cost  ol  setting  metera  on  new  servlcea  varied 
from  SO  cts,  to  GO  eta  for  labor. 

The  cost  of  laying  water  service  pipes  during  1908  was  as  fol- 

44  Inch.       %  Inch. 

No.   of  services    9!  7 

No.    of  feet  laid    3,051  iSO 

Cost   of    labor    tl.0I0.7S  I  9S.«9 

Coat  per  ft O.S«  O.III 

Coat  per  service    11.38  13, SI 

Coat   of  supplies    SBT.JS  121.90 

Cost  per  service    9.31  17.41 

Average  length  of  service,    fast 33  4| 

These  services  were  laid  In  10-ft  trenches  In  sand,  gravel. 
some  dry  and  a  considerable  number  very  wet  and  requiring  pump- 


CiT»  ENomasR'a  Orrics. 

I  bt«  to  report  the  followteg  labor  and  ma 

SS.  IMS. 
erial  u»d  in 

sr"".", ,m 

for  Mr GUdiKts  &  Wyman Ser-  No ... . 

Siittt 

t            !)\-^ 

Materials 

1 

It.                     in.        lead  pit<F 

(                  1  in.  CiKT'n  O-ck^ 

-          -       -      "      -     ■■       in      -n'bnwr 

7— _— ^.-    __Z': "  m.  Chcci.Vulvf~ 

)  m.  I^..J  fipr        :■  :b>.  per  W.  _    .  ._ 

V _- 

Signc-l \Vm.  Sr,ilk.  Pit  R.  M 

....Fonmwi. 

Fig.  0.    BUnk  (or  Reporting  Coat  of  Setting  Water  Ucti 
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lug.  RefUllns  was  well  rammed.  TbB  co«  of  labor  IncIudM  mak- 
Idk  up  service,  lapping  main,  etc  All  work  wae  done  by  day  Uttior 
bj  city  employe!.  The  cast  of  labor  varied  from  2S  to  BO  eta.  per 
Iln.  It.  The  H-ln.  Barvlces  were  all  made  up  for  two  W-ln- 
branchea  to  serve  two  premlsea. 

The  form  employeu  for  reporting  coats  le  ahown  in  Fig.  8 ;  this 
form  WBB  used  for  both  servlcea  and  meters,  the  foremeji  simply 
ulled  In  the  proper  word& 

Coat  of  Metar*  and  Setting.  Cleveland,  O.— Mr.  Edward  W.  Bemla 
gives  the  following  relative  to  the  cost  of  aetUng  K-ln.  Trident 
meters  In  Cleveland,  Ohio,  during  1903.  Some  20,000  metera  of 
thia  sUe  h«d  been  set  during  1902  to  190S  Inclualve.  A  %-ln.  meter 
costs  tS.EO,  and  the  cost  of  setting  13,400  meters  in  190S  averaged 
tC.ST,  making  a   total  cost  of  113.37.     These  meters  were   set  as 

SST  meters  In  brlclc  vaults. 

S,1T4   meters  In  basement  settlnga 

9,3T8  meters  In  sewer  pipe  settings. 

The  cost  of  tbese  different  types  at  settings  was  as  follows: 


Beaer  Pipe  Bettini 
4  ft.  of  IB  In.  sewer  pipe 

Ring  and   cover    

8  elfs 

T  ft  of  %-ln.'p[W .'.'.' .*.■.*.■.■.■.■.'.■' 


Brick    ... 
Cement 

Labor**. . 


2    couplings    . 

2    ella 

1  nipple 

1  ring  and  ct 
lAbor   


4fi 


Total    f9.1S 

One  meter  reader  la  employed  for  every  1.000  meters,  and  he  Is 
accompanied  by  a  laborer,  when  reading  meters,  to  turn  oil  the 
water  where  there  appears  to  be  waste,  while  the  meter  reader 
walta  at  the  meter  to  detect  running  water.  E^ch  meter  Is  read 
every  0  weeks  from  Mar.  1  to  Dec.  1,  The  coat  of  operation  per 
meter  waa  aa  follows  In  1903 ; 

Interest  and  depreciation,  estimated  at  8%  of  flS.ST t1-0T 

Reading  meters  and  clerical   work   l.IO 


Total 


..»2.2' 
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The  prices  of  meters  were : 

%-la.  meter   t6.5u 

ti-in.   meter    9.4  ~t 

1-ln.  '  meter    IS.Iiu 

The  ganx  for  baaement  setllns  Is  composed  of  t  meter  wttera  (ut 
3714  clB.  per  hr.),  and  4  laborers  (at  21  cts.  per  hr.j.  and  a  horse 
and  vehicle  with  driver  (at  30  cts,).  under  a.  fureman  (at  42  cle.). 
Tliese  men  work  In  pairs,  2  men  at  eavh  meter,  and  set  a  meter  in 
4  hrs,  OD  the  average,  the  range  tralng:  I  to  6  lire.,  depending  on 
the  arrangement  of  the  plumbing,  etc.  The  oppotiitlon  of  plumbers 
lo  the  UBS  of  laborera  and  meter  seitera  was  overcome  by  employ- 
ing: plumbers  to  wipe  all  lead  joints.  The  cost  of  setting  metern 
In  1907  was  as  follows: 

No.  Bel.     Av.  cost, 

baaement    2.B2S  |  4.2! 

sewer  pipe 1  E.OO 


J<,-ln,    : 
W-ln! 


_ 1    brick    vault S7  1B.7I 

l',6-in.   meter  In    basement 10  7.S4 

IVj-m.   meter   In    brick   %'uull 10  U.M 

2-ln,  meter  in  basement   e  9.9fl 

3-ln.   meter  In  brick  vnult 27  21.97 

3-ln.    meter   In   basement 3  30.71 

3-ln.  meter  in  brick  vnult 10  Sl.JS 

4-ln,    meter   In   basement 2  23.83 

4-ln.  meter  In  brick  vault    8  48.78 

8-ln.    meter    In    brick   vaull I  58.01 

Cost  of  Setting   Mater*  and  Maintenance,  Rochester.  N.  Y — Ur. 

George  W,  Ratler  gives  the  following  relative  to  the  can  at  set- 
tins  nnd  resetting  meters  and  their  maintenance  In  Rochester,  N. 
Y,  Th*  cost  of  setting  11,500  new  meters,  during  1893  to  1905. 
averaged  (3.24  per  meter,  although  there  were  many  years  when 
the  average  was  J2.25  or  lesa  The  coal  includes  the  proportion- 
die  pnrt  of  the  snlary  of  auperlntendenl  iind  meter  clerk,  and,  ur 
the  average  was  only  SOO  new  meters  set  per  year,  this  element  of 
cost  would  naturally  form  a  large  percentage  of  the  total. 

About  once  In  12  years  a  meter  has  'o  be  removed  and  repairs 
made.  The  <o8t  of  removing,  repairing  and  resetting  11.000  met- 
ers averaged  (4.80  per  meter,  which  Is  equivalent  to  atjout  40  eta. 
per  year  per  meter.  This  does  nol  include  the  cost  of  current 
maintenance  and  Inspection  of  meters  In  place,  which  averaged  37 
CIS.  per  meter  per  year  for  12  years,  although  during  the  last  B 
ye.-ira  It  averaged  only  M  eta.  per  meter  per  year,  the  year  of  1904 
being  only  9  cts  per  meter. 

The  flrat  cost  of  each  meter  appears  to  have  been  about  (10, 
From  this  ft  appears  that  repairs  and  reseltinit  have  averaged  l.T/t 
(77   cts.)   of  the  flrsl  cost  of  each  meter  per  year. 

During  the  year  1905.  there  were  36,100  meters  In  use  In  Albany. 
Kahsns  City.  Lowell,  and  Rochester,  and  4.100,  or  11%,  of  these 
were  removed,  repaired  and  reset. 
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Coat  ol  Operating  and  Maintaining  Mstera,  Rsadlnfl,  Pa.* — Thr 
I'oai  ot  opemtlnK  and  maintain  In  8  the  meter  BysCem  ot  Reading, 
PiL,  tor  the  fiscal  yeur  ending  April,  1908,  was  tS.&SS.l^,  tor  an 
average  ol  2,012  meters  In  service.  This  Is  at  the  rale  of  tl.77  per 
meter  i>er  year ;  Id  the  preceding  fiscal  year  the  rate  was  tl.7G  per 
meter.  The  unit  coats  tor  the  several  sub-dlvlslona  of  operation 
anil  maintenance  are  given  by  Mr.  Bmll  L,  Nuebllng,  superintendent 
and  engineer  ot  water  works,  as  fallows : 

Repairs    (0.S78 

Clerical  service    553 

Reading    ISS 

Delivering  bills    OST 

Oeneral    test     039 

Sundry  work    015 

Stationery,    etc     009 

Total    ,|l,77J 

The  cost  of  repairs  Increased  84  per  cant  over  Hip  previous  year, 
ilue  principally  to  extensive  repairs  to  large  meters.  All  other  cobIb 
were  lowered  considerably. 

Coat  of  Placing  Hydrants,  Chicago.'!  —  The  standard  hj'drant 
adopted  by  the  city  of  Chicago  Is  the  Crelger  ;  II  constitutes  iibvut 
SO  per  cent  of  the  total  number  of  hydrants  In  use  In  that  city. 
These  hydrants  are  made  by  the  city  at  Its  own  shops.  The  fol- 
lowing data  relate  to  the  placing  ot  several  double  hydrants  of  the 
above  type,  the  work  being  done  In  1906  by  city  forcea  The  costs 
Include  excavating  tor  the  connection  with  the  main,  excavating  tor 
the  hydrant  base,  placing  hydrant,  twickfllllng,  and  making  the 
■■onnectlons.  The  trench  as  a  usual  thing  averaged  about  S  ft.  In 
depth.  The  wnges  of  labor  per  8-hour  day  ard  cost  of  materials 
were  as  follows ; 

Assistant  foreman    13.62 

Thnekeeper    3. no 

CaUcOT     3.00 

Laborers 2.30 

Double  teams  were  hired  at  the  rate  of  14.50  per  day.  ^ngle 
teams  were  usually  furnished  by  the  city  and  cluirged  tor  at  tho 
rate  of  »1   per  day. 

The  prices  paid  tor  materials  were  as  follows: 

Pipe,  G  In 49c  per  lln.  ft. 

Lend    GWcperlb. 

Onsliets    Sc-perlb. 

Coal     Mcperlb. 

Special   castings    2 '^^c  per  lb. 

The  coal  was  used  In   the  turnoce  for  melting  the  lead  for  the 
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Hydrant  at  Commercial  Ave..  N,  B.,  and  83d  Fl. : 

I^bor :  TotaL 

1   Aastatant  foreman    %  3.4:! 


U    Timekeeper 

rc" — 


y  Calkera 

5  LAborers   ...i IS.OO 

1  Single  team   l.OO 

Total  labor  f 2«.41 

Material : 

PlIMk  la  ft  of  «  In t  G.SS 

EO   lbs.  lead   i.2h 

Oadiela    10 

Coal.   60  Iba.    12 

ftteclalB,  £10  Iba    6.60 

Total    malerinl     114. SG 

Grand  total   141.27 

The  excavation  was  in  clay,  which  was  hard  a\gg\as. 
Hydrant  at  2in  SL,  between  Blue  Island  and  Ashland  Aves. : 
Labor ;  Total. 

Assistant    foreman    I  3.C2 

Calker    3.00 

11    Laborern    37.60 

Total   labor    t34.1i 

Material ; 

Pipe.    H    ft.   6  in t  8.88 

Lead,    90    lbs.     G.8S 

Qaskets    IS 

Coal,    100    Iba    2E 

Specials,  237  Iba    6.92 

Grand   total    . .  .\'.'.\'.'.'.'.V.'.V.'.'.'.'.'.'.'.'.'.%i3.t6 
The  excnvatlon  vas  In  clay,  and  was  hard  digging. 
Hydrant  at  Rosemont  Ave.,   140  ft.   south  of  Clark: 
Xjibor :  Total. 

Assistant  foreman    I  3.6t 

■4    Timekeeper    ST 

2  Calkera    8.00 

G   Laborers    12.Ga 

Double   team    4.G0 

Total  labor    .tST.49 

Material : 

Plpp.  33  ft.  6  In IIG.S8 

Le.iil,   70   IbB.    4.SG 

Raakets     IG 

Coal.    25    lbs,    00 

Total    material    f 20.44 

Grand    total    147.93 

The  CTCavatlon  was  in  sand,  which  was  easy  digging. 
Hydrant  at  northeast  porner  24th  PI.  and  Stewart  Ave. : 
Labor :  Total 

!    Calkera    18.00 

6  Laborers    IS. 00 

V}   single  team   80 

Total   labor    821. GO 
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I<eau,  ISO  Iba. 

Oaiketa    

Coal    lEO   Itw 


Specials,    B4I  lb&    13.S7 


..t6<.S< 


Tba  tzcaTfttlon  waa  In  clay,  which  wai  hard  Hggtag. 
Hydrant  at  Winona  and  Winchester  Ave. : 

lAbor:  Tota 

t4  Timekeeper t  0.! 

a   laborers   7,i 


M   Single  t 

Total   labor    . 


I^ead.    30  lb*.    . 


.    8    In. I  2.45 


Total  material  lll.TS 

Qrood    total     IZ3.4S 

The  excavatlAn  was  In  (and,  and  waa  easy  dlKglns- 

Coal  of  ConcNte  Vaultt  for  Valv««.*— Mr.  Carroll  Beale  givea  the 
(allowing ; 

Tho  system  of  concrete  construction  for  valve  caolng  founda- 
tloDB  deacrlbed  and  Illustrated  here  hiiB  been  In  successful  opera- 
tion In  the  Dlatrlct  of  Colun:ibIa  for  nearly  a  year.  The  founda- 
tion. Fig.  T,  consists  of  concrete  rings  3  ft.  In  dlamcler,  8  Ins.  and 
4  Ina.  high,  S  Ina  thlcli  and  reinforced  with  IG-gage  expanded 
metaL  These  rings  have  proven  Co  be  not  only  more  economical 
than  the  old  brick  conatnicUon,  but  the  department  Is  now  enabled 
to  build  a  foundation  In  flv  minutes,  whereas  with  the  brick  con- 
struction one  whole  day  wa_  required  by  a  bricklayer  and  his  force 
to  construct  a  foundation  4  ft.  deep. 

To  Illustrate  the  economy  of  these  rings,  take  for  example  a 
masonry  foundation  4  fL  deep  of  brick.  This  required  the  services 
of  B.  bricklayer  and  force  one  day  of  eight  hours.  The  bricklayer's 
force  account  and  material  used  were  as  follows; 

1  bricklayer  at   tB   per  day t  G.OO 

2  laborers   at   J1.76   per  day 3.60 

Cart  and   driver    «.i5   per  day 2.SB 

420  red  brick  at   19   per  U 3. 78 

Sbbia  of  Portland  cement  al  tl.73 1.31 
cu.  yd.  sand  at  11.20 0.40 

Total     118.24 

■Ei>^neerfn0-(7on(racHii0,  Nov.  18,   1S08. 
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For  a  4-fl.  toundalion  o(  concret 
These  rings  in  place  cost  50  cts.  em 
13,    OM   OBuinat   (16.24    for   the   bHcl 


snBlderatloti   the  time  I 


Ins,   S  Ins.   high. 


are  required 

rui-tlon.  It  la  therefore 
!  foundation  (b'  lesa  thun 
ck  construction,  not  taking  Into 
bricklayer  In  moving  about  the 


3  tor  a  height  [ormerlr  occupied  by 


Fig.   7. — Concrete  Vault 

6  aq.  ft.  of  brickwork  9  Ins.  thick,  or  72  brick,  which  at  (9  per  H 
It  equal  to  66  ctB.,  so  it  may  readily  be  seen  thai  the  coat  of  these 
rings  Ib  leas  than  the  coat  of  the  brick  alone  without  mortar  and 
without  labor,  which  last  Item  amounted  to  J10.7B  per  day  current 
eipenae. 

An  Itemlied  cost  of  the  ringa  is  as  foUowi: 

D.O'«T  bbl.  ol  cement  =   I/I  3  bbl. 

0.018  cu.  yd.  gravel  =  1/20  yd. 

0.0S4  cu.  yd,  sand  =  1/40  yd. 


The  cost  of  otH 
Concrete 
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Total  (or  ring  In  ptace.. 


Pig.  a. 


Iron  Fodhk 


To  mm  up  the  relative  merits  of  the  brick  and  concrete  con- 
Btructlon  the  use  of  concrete  SBvee  the  department  a  current  ex- 
IMoae  of  ilO.75  per  da;,  avoids  the  delays  attending  brick  constnic- 
tlon.  is  as  readily  remaved  as  the  brick,  and  la  much  stronger. 

These  rlDgs  are  made  In  the  cast-Iron  forms  shown  by  Fig.  S,  on 
ft  smooth  niailorm,  and  one  man  Is  able  to  make  four  8-In.  rings 
In  one  hour. 

Am  tDustratfve  of  the  economy  In  reinforced  concrete  vault  con- 
atructlon.  the  accompanying  drairlngs.  Flga.  !>  to  11,  and  Table  XI. 
■1v«  examples  of  the  types  of  vaults  now  being  connracted  In  the 
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Dlatrlct  of  Columbia.  Three  of  Ulsm  Taulta,  6  ft.  10  lu.  br  ■  ft 
B  Ins.  by  11  fL  T  Ins..  5  ft.  S  Ins.  by  5  ft  by  9  ft,  and  ■  ft.  )  loa.  b7 
8  ft  10  Ins.  by  G  IL,  have  Just  been  eompleted  at  New  Jeraajr  Ave. 
and  B  Bt..  Just  north  of  the  United  States  Capitol,  at  a  cost  of  ISO 
e&ch,  excluding  the  cost  of  the  lumber  wblch  will  be  reused.  Tbs 
roofs  of  these  vaults  have  an  ultimate  strength  of  about  I,GU  Iba. 
per  sq.  ft,  and  the  Oat  construction  permits  of  at  Iskst  )  tt  mora 


^Ui 


■  ■'  ■  - 


F*^^ 


^KlQ^ 


SL 


This  last  Is  a  very  important  it 
ht-ad  room  than  can  possibly  be 
land  where  every  inch  ot  head  room  counts.  The  vault!  may  b« 
jConBtructed  for  approximately  ODe-Chlrd  the  cost  of  the  brlclt  vaults 
Jand  have  a  much  greater  factor  of  safely  than  the  old  brick  vaults 
,'  using  I3-ln.  watia  The  drawinn  and  tables  explain  fully  tbe 
mefhod  of  construction  without  further  description- 
Cost  of  Dipping  Pipes.— In  a  very  Interesting  article  by  T 
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H.  Wlggln.  In  (he  Journal  of  the  Association  at  Engineering  So- 
cieties, ISUV,  Vol.  2i,  on  llie  Miinu(iii.'ture  and  lnsi>ecllon  of  Cast- 
Iron  PlpeB,  the  followlns  data  are  given  as  to  Uie  cose  of  dlpplns 
pipes.  To  coat  one  12-ft.  length  of  JS-ln.  cfl»t-iron  pipe  coats  ap- 
proximately as  follows  tor  different  voatlng  materials; 

3%  gala  crude  tar  at  13  per  bbl,  of  52  gals. fO.23 

5       ealf.  pitch  at    fa   per   hbl.   of   i'-i   gals 0.50 

1^   gala   (ar   vitmlHli  at    10    eta. I.li 

The   flrst   two  are   opplled   hy   dipping,   but   the  tar  varnish   Is 
applied  Ti'lth  a  brush. 

Rusly  pipes  will  not  hold  n  coating. 


Fig. 


xl3 


Cost  of  Clesnlna  Water  Pipe,  Pittsburg,  Pa.— Mr.  J.  D.  Under- 
wood gives  the  following-  An  8-in.  cnat-lron  water  pipe  at  I'liis- 
burg  became  coaled  Willi  0.32  In.  uf  scale  during  14  yrs.  of  use  so 
that  the  pressure  at  the  end  was  34  lbs.  below  the  theoretical  static 
head.  The  contract  price  for  cleaning  3,300  It.  of  pipe  was  21  eta. 
per  ft.,  at  which  price  the  contractor  made  a  very  large  profit, 
aa  will  be  seen  from  the  following  data. 

The  pipe  was  cleaned  In  lengths  averaging  about  SOO  ft,  tha 
range  lieing  400  lo  1.200  ft.  depending  on  local  condltlona  Tha 
pipe  woB  cut  at   Intervals  of  HOO  ft.   (average),  and  a  special   T 
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cannectlon  InEerted,  Into  which  the  cleaner  could  be  Introduced, 
These  special  Yb  are  so  made  that  a.  cover  can  be  bolted  Id  them, 
should  an  emergencr  arise  necesBltatlng  putting  the  pipe  line  into 
service.  In  order  to  get  a  wire  cable  Ihrougli  the  pipe,  a,  "go-devll" 
la  flrat  run  throuBh.  It  conalats  ol  two  oanex  on  an  iron  rod,  «ich 
cone  about  12  Ins.  long,  and  spaced  i  ina  apart.  The  cones  are 
Inserted    tilvint  end  toremosC.     To  the  "so-devll"   I 


Fig. 


22  flexible  wtre  cable.  The  i 
"go-devil"  through  the  pipe  to  ihe  next  apeclal  Y.  The  water 
then  shut  oK  and  a  %-\.n.  wire  cable  la  drawn  back  through  Cti 
pipe  by  means  or  a  one-man  winch.  The  cleaner,  or  scraper,  ! 
fastened  to  the  cable  and  is  drawn  through  the  pipe  by  a  lour-mn 
wlncli.  the  water  washing  the  broken  scale  out  of  the  pipe  ahea 
of  It. 
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The  time  required  lo  clean  an  800-(t.  BCctlOn  waa  bb  follow*: 
HIns. 

Running   the   "Eo-devll"    throuch S 

Pulling    cable    through 38 

Pulling    cleaner    through 48 

Total    i» 

The  tollofflng  gang  was  engaged  for  t  days,   the  wages  betng 

, a  at   (l.BO »loTe" 

1  mechanic    3.50 

1  foreman     5.00 

Total    J19.00 

The  labor,  therefore,  coat  less  than  tl20  for  3.301)  ft,  cleaned. 
□r  less  than  3.7  ots.  per  fL  It  la  stated  that  even  thin  cost  could 
have  been  cut  almost  In  two  had  it  been  poBBlble  to  shut  od  th« 
water  continuously,  but,  oa  the  pipe  tine  was  the  main  source  ot 
water  supply  (or  a  considerable  district,  the  water  had  to  be  turned 
on  nt  (ntervala,  delaying   [he  work   2  or  3  days. 

Cost  of  Claanlna  Water  Pipe,  Halifax.— Mr.  B.  H.  Keating  gives 
the  following  coats  of  cleaning  water  pipea  In  1881  at  Halifax, 
Canada. 

A  24-ln.  main.  IS  yrs.  In  use.  and  13,100  ft  long,  was  cleaned 
for  4.1  cts,  per  ft.,  the  Items  being: 

l^nlioles  of  brick  and  stone 139 

Total    (593 

A  20-ln.  main,  13  yrs.  in  use.  and  8.000  fL  long,  was  cleaned  for 
G.4  cts.  per  ft,,  the  Items  being: 

Labor    t  8( 

Materials,  Including  scraper 193 

Manholes   of   stone 4S 

Total    (3Zt 

A  15-ln.  mnln.  half  13  yrs.  and  half  ZE  yra.  old,  ES.EOO  ft  Ions, 
waa  cleaned  for  1,7  cts.  per  ft.  the  Items  being: 

Labor     |24S 

Mnterlnla.  including  scraper IE2 

Manholes    81 

Total     t4S3 

A  13-ln.  pipe,  19  yrs.  In  use.  3,700  ft  long,  was  cleaned  for  4.9 
cts,  per  ft,  the  Items  being: 

Labor     I  S4 

*'     erlals    (not  including   scraper,   but  Includ- 


fanhoii 


Total     tlS> 

All  told,  some  OS.SOO  ft.  of  24.  SO,  IG  and  IS-ln.  pipe  were  cleaned 
at  a  coat  of  11,769,  or  2.82  cts.  per  ft,  not  Including  cost  of  maji- 
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hole*,  which  amounted  to  t4S0,  or  0.T  ct.  per  ft.,  additional,  ni|'''t"y 
a  total  of  3.G2  eta.  p6r  ft. 

HanfaoloB  and  "batch  boxea"  were  built  at  lotervala  to  Insert  the 
cleanen^  which  were  acrapera  provided  with  platona,  driven  throuKh 
the  plpea  bj  water  preaaure. 

The  Incruatatlon  on  the  plpaa  waa  %  to  Hi  Ina  thick. 

Coat  of  Claanlne  Watar  Pipe,  St.  John,  N,  B.— Mr.  Wm.  Murdoch 
Klvea  the  (oUowIdk  relative  to  the  coat  of  acraplag  water  pipe  at 
St.  John,  N.  B.,  In  189T : 

Special  Iron  "hatch  boxea."  were  made,  conalstiiiK  of  short  lenstba 
of  coat-Iron  pipe,  provided  with  a  Sanded  openlnK  and  a  [lanKed 
cover,  bolted  tagether.  Throuxh  the  "hatch,"  or  openlnx,  the 
acraper  Woa  Inaerted  or  removed.  There  were  9  "hatch  boxea"  in 
4.3  mllea  of  24-ln.  pipe.  EUch  iHiz  welKhi  3,300  Iba  and  coata  |IIT. 
Hence  the  Orat  coat  of  theae  hatch  boxes  waa  |3G0  per  mile  of  pipe, 
or  nearly  T  eta  per  ft. 

The  acraper  welstia  2ft3  lbs.,  and  conalsta  of  an  iron  shaft  about 
6  tt.  Ions,  made  o(  a  3-ln.  wrousht-lron  ptpe.  at  the  front  end  of 
which  la  the  acraper,  and  at  the  other  end  a  "platon"  ;  there  la  a 
second  platon  Bt  the  middle  of  the  shaft.  The  ecraperH  are  12  ateel 
blades,  arranged  In  two  sets  of  alx  each,  one  set  back  o(  the  other 
on  the  shaft.  The  blades  are  bent  back  and  are  aprlngy  enough 
to  pass  over  such  obstructions  as  cannot  tie  removed.  This  acraper 
cost  (40.  It  waa  forced  through  the  pipe  by  the  water  pressure. 
To  remove  an  Incruatatlon  about  %  In.  thick  required  22  trips  of 
the  acraper.  and  the  lal>or  coat  of  cleaning  the  4,3  miles  of  Z4-1D. 
pipe  waa  164  per  mile,  or  12  eta.  per  ft.  The  working  force  con- 
sisted of: 

9  men   (at  the  valves). 

1  mechanic. 

1  men   (watching  scraper). 

The  teams'  were  used  lo  transport  tl: 
to  the  starting  point.  The  laborers  Wi 
valves  close  by  the  fluahlng  atallona 

The  2  men  who' watched  the  progress  of  the  semper  through  the 
pipe  could  do  so  by  listening  to  the  noise  thiic  It  m<i.<Ie, 

Coat  of  Cleaning  Water  Pipe,  Boiton,  Mass.— Mr.  Dexter  Brackett 
gives  the  followlrtg  relative  to  the  cosl  of  acraping  pipes  In  Boalon 
In  1886.  Tuberelea  %  to  1  i.i  Ins.  thick  were  removed.  The  pipes 
were  not  supply  mains  but  distributing  pipes.  G  and  12  Ins.  diam- 
eter. Nearly  4  miles  of  IZ-ln.  pipe  were  clejined  tor  16.6  cts  per 
lin.  ft.,  and  12  miles  of  6-in,  pipe  for  9  cts  per  tt.  not  Including 
6  eta  royalty  per  ft.  paid  for  the  uae  of  the  acraper.  The  scraper 
Is  a  flexible  center  ahaft,  3H  ft.  long,  composed  of  colled  steel 
eprlngs.  connecting  amall  castlnga,  to  which  are  h1nt(cd  two  seta 
of  ateel  scrapers  arranged  radially  around  the  shaft  about  12  Ins, 
apart.  These  scrapers  are  held  against  the  sides  of  the  pipe  by 
colled  aprings.  Back  of  the  scrapers  are  two  rubber  plstona,  2  ft, 
apart,  ao  as  to  Insure  water  pressure  on  the  machine  when  passing 
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nsened,  Tlio  si 
cud  Joints  poui 
scraper  llirough 
!orced  Into 
■    punii 


hatch  boxcH"  were  used,  an  ubo 
out  of  the  pipe,  every  1,000  ( 
^ulion  wufl  replaced,  clamp  flleei 
■ed.      The    water,    at    30    1 


I    the 


described,   but  a. 

nnd   the   scraper 

being  u«ed,  and 

forced   IhB 

Ipe.  In  some  caees  the  displaced  ru«t  wafl 
pipes,  but  Uils  wua  removed  by  applying  a 
lOuse  plumbing  and  (ore lug  the  rust  back 
est  of  a  section  of  fi-ln.  pipe  that  had  been 


Into  the  r 
laid    XM    yra 
,Uli«rcules  or   ruat. 

Cost  of  Water  pipe  Maintenance.* — The  dlagTa.m.  Fig.  1!,  and 
Table  XII.  give  some  Interesting  data  on  the  perceDtag«  vari- 
ations In  cost  of  maintenance,  labor  and  cast-Iron  pipe  for  the 
water  pipe  systems  of  Chicago,  III.,   (or  the  porlod  from   1S9G  to 


1908.     ThP  da 
tension,  Mr.  W, 


T    i 

—Cost  of  Pipe  MalTil 
»  were  compiled  by  the  Dlvlsh 

Tablb  XII. 


of  Water  Pipe  Ex- 
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P 


iiii 

Ifr- 

HiS9              5  .X3 

27.50 

'F.ngl 

rrnnB-Contrticting.  July 
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Coat  of  Hydrant  Maintenance  In  Winter.* — Th«  accompanying 
table,  abstracted  Irom  .tlie  leport  ot  Mttcalf  tt  Eddy,  englncerb, 
boetun  J-inance  CommlBBlon,  eIiuwb  ttie  coal  ol  liydrum  malntennnce 
In  Boaton.  Mu.sa.,  und  In  nelgliborlng  cities,  from  the  ucac  Intoniui' 
tlon  avulluDie.  giving  both  t 
per  hydrant  The  figure  for  Boaton  r 
cluirged  upon  ihe  books  ot  the  dcpurcmtnt.  The  coale  lor  llie 
other  cltlBB  are  eHtimaled  on  tlie  bHBla  of  the  best  Inforniutlon  Itiul 
t-ould  be  obluJned  aa  to  metlioda.  nages  and  duriitiun  of  work- 
Coat  Of  hydrant  maintenance  In  winter  in  Jloaton  and  otJier  Ntw 
England  cities: 

No.  ToUil  Cost  per 

City.  Hydra  nta.  Cost.  Hydrant. 

Boston,  Maa&    l.TiZ  i\9Mi  *-i-yi 

Cambridge.   Maas.    1,D4G  2,4»E  ^.»9 

Ctielsea.    Muss.     3ia  46)!  1.47 

WorcdHter,    Masa.     2.012  2,ST4  I.SH 

Idweli.  Masa   1.272  806  .liJ 

Xewlon.  Maea tl7«  aS4  ,Zi 

Coat  or  Thawing  Wat<r  PIpea  by  Electriclty.t— On  the  basis  of 
125  house  servlcea  thawed  bjr  electricity  In  Itiilland,  VI.,  In  Feb- 
ruary, 1904.  the  cost  of  Ihe  lliHWing  per  servlcb  whh  ub  follows: 

fllectrlclty     fl.ES 

iAbor     1.85 

Teoma    and    drivers 0.6)> 

Total    (4.11 

On  tlie  average  17  amperes  of  alternating  current  at  2,200  volts 
were  required,  and  at  10  cts.  per  kw.-hour  the  current  cost  was 
fl.SS,    OB   shown    above.      The    average    time    consumed    waa    27 


Cost  of  Stop  Cock  BOX  Repairs,  Etcf— Fiom  May  13  to  Decembei' 
31,  1907,  the  Water  Department  Of  Cleveland,  O.,  put  9.290  stop 
boiea  to  grade,  besides  replacing  I.S03  old  boxes  with  new  ones. 
in  addition  330  new  atop  cock  boxea  were  put  In  and  ID  new  stop 
cock  bottoms.    The  cost  of  the  work  waa  as  follows: 

Labor.      Uateriuls. 

Boxes  put   to   grade S,2S0  t0.40ii  

New   boxes  put   In 1.S03  O.Sau  fl.TSii 

New   tops   put    In 330  0.419  O.ETu 

New   Bottoms   put   In 10  0.S4S  u.9:;u 

Dug  up  and  cleaned  out 639  0.339  

The  wages  paid  for  lalmr  In  Cleveland  in   1907  were  about  as 


Coal  of  •ubaqueous   Pipe    Laying.— A   line   of   12-lD.   water   pipe 
Wits  laid  in  a  trench  dredged  aeroaa  a  river  500  ft.  wide,  as  fi>llowsi 

'EnaineeTing-ConlTaMng,  Sept.  22,  1909. 
^Bngitieerlna-ContTocting,  March  20,  1907. 
%Eiigi«eering-CoBtractina.  Nov.   4.   1908. 
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The  irater  In  the  river  avaraced  1  fL  deep  and  the  trench  >raa  dus 
G  fL  deep,  malclnK  a  depth  of  10  ft,  from  water  surface  to  bottom 
of  Che  trench.  The  email  homa-made  dredge,  described  in  my  book 
on  "Earthwork,"  was  used  for  Che  dradslng.  To  lower  the  plpv 
Into  the  trench  A-framB  l>enta  were  bullC  of  4x6-ln.  timber,  th« 
ieca  of  the  bents  atraddllDK  the  trench,  and  each  pipe  waa  aup- 
poned  by  an  Iron  rod  paselnK  through  a  hole  bored  la  the  hori- 
■ontal  member  of  the  A-frame.  These  rode  were  about  12  tL  long. 
K-ln.  diameter,  and  threaded  their  full  length.  Bach  rod  waa 
provided  with  a  hoolc  aC  its  lower  end  to  hoolc  into  an  iron  rios 
around  the  pipe.  The  pipe  was  ordinary  caat-iron  pipe,  and  was 
leaded  and  callced  while  mqieiided  from  the  A-Irames.  Then  It 
was  the  intention  to  lower  the  GOO  fL  of  pipe  all  at  one  time  by 
putting  a  man  wltli  a  monkey-wrench  at  each  rod,  to  give  the  nut 
on  the  rod  a  turn  at  a  given  signal  from  a  whlMle.  There  were 
*3  l>enta,  12  fL  apart,  and  it  was  decided  that  a  force  of  10  men 
could  lower  the  pipe  aatiafactorily  by  giving  a  few  turna  o(  the 
nuts  on  10  rods,  then  moving  to  the  nexC  ID  rode,  and  m>  on. 
Through  carelesanesH  or  mlEchlef,  aome  Of  the  men  gave  more 
turns  to  the  nuts  tlian  the  signal!  called  for.  Thii  tlirew  the 
weight  Dt  aeveral  pipes  upon  two  or  more  rods,  and  broke  one  of 
them  at  the  hook,  which  was  the  weak  spoL  Immediately  all  the 
other  rods  broke  In  rapid  Huccesaion,  dropping  the  pipe  line  Into 
the  river.  The  pipe  seiiied  to  the  bottom  without  brealting  In  two 
anywhere,  and  only  one  Joint  showed  any  leakage  of  air  when  I 
inspected  Ilie  line  Immedlutely  after  the  accident  This  Joint  waa 
Lulked  by  u  muii  who  dived  down  repeatedly,  and  struck  a  few 
blows  each  time  he  whs  down.  However,  a  diver  waa  sent  for  to 
examine  every  Joint,  and  hia  inspection  showed  Che  pipe  line  to  be 
intaoC  from  end  to  end.  The  cost  of  building  the  A-frames,  placing 
and  colking  the  pipe  line  was  as  follows: 
10  men,  3  day^  at  |1.7ii t  62.60 


I,  3  days,  at  la.OO.. 

J  mifn,    1  day  nc  work  lowerl._      ,_ 

I  foreman,   1  day  at  work  lowering  pipe,  a 


.  1  day  Inspecting  line 26.00 

Traveling  expenses  of  diver lu.OO 

Total  for  610  tt.  of  pipe ti:i::,OD 

The  aljove  does  not  Include  the  coat  of  the  Iron  rods,  nor  the 
timber  used  in  the  benta,  nor  Che  building  of  u  small  rati  from 
which  to  erpct  the  A-frame  bents. 

From  this  experience  I  believe  it  would  be  safe  to  dispense  with 
tlie  threaded  Iron  rods  for  lowering  such  a  line  of  pipe.  The 
pipe  could  be  lield  Just  aliove  the  water  surface  by  small  manUa 
ropes,  until  calked.  Tlien  upon  cutting  one  or  two  of  the  rope^  the 
rest  would  break  and  allow  the  pipe  Co  settle  Into  the  water.  As  a 
1^-ln.  pipe  line  Is  quite  buoyant,  when  tilled  with  air,  It  aetcles  down 
gently  upon  the  bottom  of  the  trench.  In  case  a  break  should 
occur  in  the  line,  threaded  roda  could  be  made,  and  the  pipe  ratted 
nnd  repairs  made  at  but  slightly  greater  expense  than  would  have 
Iwen  incurreil  iiad  rods  been  used  in   the  first  place.     When  pipe 
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Is   lowered   ae  above  described,   one  Oexibls  pipe  Joint  la  usually 
provided  at  each  end  o(  the  pipe  line. 

Coat  of  Laying  a  Submerged  pipe  Aeroii  Deal  Lake,  N.  J.*— The 

loUov/lnfc  Bccount  of  the  raethoda  and  coat  ol  laying  S'O  (C.  ol 
caat-tron  pipe  acrosH  Dea.!  Ldke,  between  Interlaken  and  Loch 
Arbor,  M.  J.,  hai  been  lurnlsbed  UB  by  Mr.  James  B.  McCard,  Civil 
Engineer,  of  New  York  City.  The  water  In  the  lake  at  the  point 
of  croB*inK  averages  G  fL  deep,  and  as  the  bottom  Is  fairly 
form  no  dredging  waa  neceasBry.  The  pipe  was  laid  parallel 
line  of  old  bridge  piles  and  these  were  used  as  Bupports  for  a 
poniT7  platform  od  which  the  pipe  was  laid  and  connected  prepara- 


Pig.  13. — liaylng  Subaqueous  Pipe  Line. 

tory    (O    sinking.      The    arrangement   of   Iha    platlorm    la    shown   In 
Fltf.    13. 

In  connecting  up  the  pipe  six  ball  Joints  were  inserted  at  Inter- 
vals correapondlng  to  changes  in  profile  of  the  bottom ;  all  other 
JolntB  were  calked.  After  the  pipe  waa  connected,  six  light  A-frame 
derrlcka  were  eet  aalriJe  the  pipe,  as  shown  by  the  sketch ;  these 
derricks  were  rigged  with  6-ln.  blocks  and  *i-In.  rope.  At  Inter- 
vals between  the  derricks  Zx8-ln.  braces  were  nailed  to  the  piles, 
as  ahown  In  the  sketch.  There  were  nine  of  these  braces  used  and 
each  had  an  Iron  thimble  fastened  td  the  outer  end.  Ropes  tied 
around  the  pipe  passed  through  the  thimbles  and  back  to  the  plies 
around  which  they  were  given  several  turns  and  fastened.  The 
ropes  at  the  derricks  and  braces  being  made  taut,  the  platform  waa 

'Enffineerlnp-Coitlractino,  Veb.  6,  1907. 
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rut  aira}',  leavLnK  (he  STO  ft.  of  pipe  mtpended  from  the  derricks 
tind  braces.  Two  men  were  then  placed  at  eacti  derrick  and  brace. 
Who  on  signal  slmuIianeouHly  lowered  away  until  the  pipe  resleil 
on  the  lake  bottom.  An  examination  of  the  pipe  after  IowitIur 
■howed  that  It  had  auRered  no  Injury.  The  pipe  waa  standard 
6-11.  cast-iron  pipe  wetEhlng  3£H  lbs.  per  Un.  ft.  The  Itemlzetl 
I'oaC  of  the  work  e:ccluHlve  of  the  coat  o(  the  pipe  and  the  ball 
Joints  was  as  follow*: 

Platform. 

Per  day.  Total 

1  foreman     14.00  |  6.00 

fi  laboriT-     1.73  2!.Z4 

l^umber  iit   flu   pit  M 40.00 

Touil     i«8.24 

Dialribiitlni/  tiKit  ConncetiHg  /'ijtr. 

Per  day.  Total. 

1   foreman     »).00  t  1-00 

S  hllmreiii     2. "(I  14-18 

Rent   of  raft 25.00 


C'alkl»a  J'Ipe. 


2S.96 


«O.Tl 

1  and  Slinglno  I'lpF. 

Per  diiy.  Toul. 
H,0«  »13.fl7 


Tot.ll     tB4.!8 

Loviering. 

Per  day.  TotaL 

2(j    men     12.00  132.72 

In  noting  the  oraall  cost  of  tho  platform  It  will  be  observed  that 
the  piling  was  already  In  place,  thus  cutting  out  an  expensive  Item 
of   the  work.     SimtmarlzlDg   the  several   Items,   we   have   the  fol- 

Total.  Perlln.  ft. 

Platform     t«S.24  10.1844 

Distributing  and   connecting  pipe 43.48  O.llIE 

Calkins    00.71  0.1S41 

Derricks,  braces  and  rlEglng 04.28  0.1TS7 

Lowering    3J.72  0.0884 

Total    for    370    ft 1263.43  f0.72Sl 

Cost  of  Laying  Plpa  Across  the  Susquehanna,— Mr.  Jamea  P. 
Herdio  gives  the  following  data  relating  to  laying  IMn.  caat-lron 
pipe  nrross  Ihe  Busquebanna  River,  at  Montoursvlllo.  Pa.,  a.  distance 
of  60O  fl..  avemge  depth  of  water  being  J  3  ft.     A   %-ln,  tnanllla 
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rope  was  first  Btretched  acrou  th«  river,  to  act  oa  a  ferry  line  (or 
Uie  BcowB.  The  scows  were  loaded  with  pipe.  The  crew  of  8  men 
and  foremaD  were  engaged  1  day  !□  this  preliminary  work,  and 
tbeo  laid  the  600  ft.  of  pipe  line  In  the  next  2%  days.  One  ball  and 
aocket  Joint  was  used  to  every  six  ordinary  joints.  The  pipe  line 
was  lowered  between  the  two  scows,  by  means  of  chain  pulleys 
suspended  from  ,-l  heavy  sawhorss  that  spanned  the  gap  between 
the   two    boata      The    pipe  was   laid   in   a   gentle   curve,    bowed   up 

Is  certainly  on  excellent  record  for  economic  work. 

On  another  place  In  the  Susquehanna  River,  where  the  current 
was  80  Ewlfl  that  It  would  swamp  a  scow  If  held  sidewlse  In  the 
current  by  a  cable,  as  above  described,  the  following  method  was 
used :  A  scow  wax  held  In  the  current  with  its  nose  up  stream,  but 
at  an  angle  wltli  the  current ;  ropes  from  bow  and  stern  to  the 
nearest  shore  serving  to  hold  It.  In  this  way  the  current  kept  the 
ropes  taut,  and  the  scow  remained  steady  while  the  lead  joints  were 
poured.  The  pipe  line  lay  across  the  middle  of  the  scow,  whirl) 
was  moved  out  from  under  each  Joint  as  fust  as  made.  Six  com- 
mon Joints  lo  each  ball  and  socket  Joint  were  used, 

cost  Of  Lsylna  a  Submerged  B-ln,  pipe,  New  Jerisy  to  Kills 
Island.—About  5,100  ft.  of  G-ln.  pipe  were  laid  from  the  New  Jersey 
shore  to  Ellis  Island  under  10  to  IT  ft.  of  water.  A  trench  was  dug 
G  ft.  deep  by  10  ft.  wide  In  the  mud,  using  a  clam-shell  bucket. 
Heavy  pipe,  weighing  SOO  lbs.  per  length,  provided  with  Ward 
flexible  Joints,  was  used.  Two  scows,  each  26  x  SO  (L.  were  fastened 
together.  6  ft.  apart,  and  provided  with  two  skids  of  lOxlO-ln. 
timbers  55  ft  long,  lending  down  between  the  scows  to  the  bottom 
of  the  trench.  The  skids  could  be  lowered  In  rough  weather.  Two 
lengths  of  pipe  were  placed  at  one  time  on  the  skids,  a  derrick 
being  used  for  the  purpose,  and  then  the  scows  were  warped  ahead 
H  (t  The  whole  work  occupied  Just  a  month,  using  a  force  of  10 
laborers,  2  calkers  and  1  diver  to  calk  any  leaks,  etc  The  best 
day's  work  was  518  ft.  The  line  was  tested  under  80  Iba  pressure, 
and  leaked  only  5  cu.  ft.  in  ^  hr. 

Coat  of  Submerged  Pipe  Lsying  In  Massschusett*.— In  a  paper 
entitled  "Submerged  Pipe  Crossings  of  the  Metropolitan  Water 
Board."  Journal  of  the  Association  of  Engineering  Societies  IBOl, 
Vol.  21,  Mr.  C.  H.  Saville  gives  in  detail  the  methods  of  loyins 
submerged  pipes  and  the  following  cost  data,  rates  of  wages  and 
details  of  cost  not  I>elng  given.  The  work  was  done  in  1897  In 
Hasaachusetis  by  contract,  but  the  costs  are  the  actual  costs  to  the 
contractor,  plant  rental  being  Included. 

Uygtic  River  Croaaing.—Tvo  lines  of  3B-ln.  pipe  were  laid  In  a 
dredged  trench,  5  ft.  9  ins.  c.  to  c.  The  trench  averaged  8  ft.  deep. 
In  mud.  and  35  ft.  wide  on  top,  and  was  1.200  ft.  long.  A  clam- 
shell dredge  was  used  for  most  of  the  work,  and  averaged  27  Un. 
tt.  of  trench,  or  250  cu.  yds.,  per  day,  loading  scows,  which  were 
dumped  half  a  mile  away.  After  the  pipes  were  laid,  the  material 
was  reloaded  into  the  scows  by  the  dredge,  at  the  rate  of  500  cu. 
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per  cu.  yd. 

The  river  la  a  tidal  Btreain,  with  tide  fiuctuatione  ot  10  ft.  and 
la  B  ((.  deep  at  low  water. 

A  pile  foundation  was  built  In  ttie  bottom  of  the  trench  to  lay 
tlie  pipe  an.  The  piles  were  driven  In  bente  of  i  plies  per  bent, 
bents  being  12  ft.  apart,  and  piles  6  It.  apart  In  each  bent.  They 
were  driven  2J  ft.  Into  the  mud,  aawed  off  under  water  and  capped 
wltii  10  K  10-ln.  spruce  by  a,  diver.  The  cost  of  sawing  off  and 
capplnx  was  %S  per  pile. 

Some  of  the  36-ln.  pipes  were  made  with  a.  spherical,  or  llexlble. 
Joint,  and  weigbed  g.ZSO  lbs.  per  12Ui-ft  length,  costing  |21  per 
ton  (ordinary  pipe  cost  tlS  a  ton),  and  required  218  Iba  el  lead 
per  Joint  8  Ina  deep.  These  flexible  Joints  were  Only  used  where 
the  pipe  tine  curved  vartlcally. 

Six  lengths  of  pipe  were  Joined  together  on  shore,  and  lowered 
onto  the  pile  foundation  from  a  scow  provided  with  two  derrlcka. 
Tlie  pipes  were  slung  from  the  tower  chord  of  a  light  truss  TG  ft. 
long,  to  which  the  derrick  tackle  was  fastened.  The  scow  was 
23  X  TO  ft,  and  the  pipps  were  lowered  over  the  aide.  On  the  op- 
posite Bide  of  the  scon  was  a  smaller  scow,  loadud  with  gravel. 
Which  was  fastened  to  the  pipe-laying  scow  and  thus  served  to 
counterweight  the  pipes.  There  was  a.  4-In.  centrifugal  pump  on 
the  scow  for  Jetting  out  the  trench  If  It  become  filled  with  mud. 

To  Join  the  secllons  of  pipe  under  water  (every  sixth  pipe],  a, 
apeclal  Joint  was  designed.  The  spigot  end  was  turned  smooth  In 
a  lathe  to  a  taper,  and  had  no  head.  The  bell  was  grooved  and 
designed  for  a  lead  Joint  5  Ins.  deep.  On  shore,  a  spigot  was  tem- 
porarily Inserted  In  a  bell,  and  the  lead  Joint  cast ;  then  (he  spigot 
was  pulled  out.  leaving  the  lead  joint  In  the  bell.  To  re-make  thi* 
Joint  under  wnler,  a  diver  gvlded  the  spigot  to  place;  near  the  end 
of  the  truss  (at>ove  referred  to)  was  fastened  a  hydraulic  cyllnder,- 
to  the  piston  of  which  was  fastened  an  Iron  rod  with  a  hook  at 
the  end.  A  chain  having  been  fastened  back  of  the  bell  of  the  last 
pipe,  this  hook  was  fastened  Into  the  chain,  and,  when  oil  was 
forced  Into  the  hydraulic  cylinder,  the  truss  was  drawn  forward 
and  the  spigot  forced  home  Into  the  bell.  Fastened  to  the  bell 
was  an  iron  collar,  which  guided  the  spigot  Into  the  bell,  and  also 
prevented  the  lead  from  being  displaced  by  any  carelessness  on 
the  part  of  the  diver.  The  pipe  line  was  tested  by  compressed  aJr. 
and  leaks  were  calked  by  divers. 

The  total  cost  to  the  contractor.  Including  the  pipe,  which  cott 
fS.TS  per  ft.,  was  tIS,2G  per  Iln.  fL  ot  pipe.  Including  the  pile 
foundation  and  the  dredging. 

Since  the  trench  averaged  4>^  cu.  yda  per  lin.  ft  of  pipe,  U 
77  cla  per  cu.  yd.  for  excavation  and  backfill,  the  cost  ot  the 
trench  was  93A&  per  lin.  It.  of  pipe.  This  leaves  tS.OG  per  Iln.  ft. 
for  the  remaining  Items:  piling,  lead,  timber  and  pipe  laying.  If 
the  piles  wer«  *5  ft  long,  there  were  7  ^  ft  of  pile  per  Un.  ft  Of 
pipe,  which  probably  coat  the  contractor  about  10  cU.    for     ma- 
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terial  and  IS  ots.  f»r  labor  (Includlns  the  %i  for  ntUns  oft),  or 
tl.GD  i«r  lln.  n.  of  pipe.  At  St  ItM.  at  lead  for  Uw  ordlDarv  JolnU. 
tbe  load  probably  cost  about  SO  cts.  per  lln.  ft.  of  pipe.  The  vruce 
cap  OD  the  pllea  probably  ooat  about  MS  per  M,  or  10  eta.  per  lin. 
fL  of  pipe.  Hence  theae  ttirae  lletna  would  total  tl.SD  per  lln.  ft. 
leaving  about  |1.1G  per  lin.  fL  us  the  coM  of  laying  the  pipe.  The 
aaaumptlons  and  concIuolaDB  In  thla  pBraBraph  are  mine  and  not 
Mr.  Sarllle'a 

Coit  of  Leylns  a  Submerged  Pipe  et  Vencouver,  B.  C.>— Mr.  J. 
OiUBley  Klvea  the  following  relative  to  a  12-la.  main  acrosB  the  Nar- 
rows at  Vaneouver,  B.  C,  In  190(: 

There  have  been  seven  12-Iq.  malna  placed  aoroM  the  Narrows 
at  various  times  during  the  past  19  years.  The  last  one  baa  lust 
been  put  In  position,  and  of  the  method  of  accompUahlne  thla  the 
writer  purposes  giving  a  short  description,  truatInK  that  It  may 
prove  of  some  Interest,  tor  the  reason  that  It  differed  from  the 
method  usually  followed  (with  variations  to  suit  particular  cases) 
In  such  work,  via.,  that  of  building  a  stoKlnK,  or  anchoring  a  string 
ot  rafts  along  the  line  to  be  followed,  allnKlng  the  pipes  over  the 
position  they  are  Intended  to  occupy.  Jointing  them  up  and  lower- 
ing the  connected  line  Into  place. 

This  method  would  not  have  been  suitable  In  the  cases  under 
consideration  on  account  of  the  water  varying  from  St  ft.  deep 
at  low  tide  to  76  ft.  deep  at  ordinary  high  tide.  The  tide  is  very 
•trong,  running  at  speeds  up  to  8  knots  per  hour ;  also,  and  per- 
haps the  most  Important  of  all.  nearly  the  whole  of  the  shipping 
trade  of  Vancouver,  Iticludlng  ocean  passenger  and  freight  steamers. 
from  8,000  tons  downwards,  sailing  ships  towed  In  and  out  by 
tugs,  coast  sleamers.  rafts,  coal  barges,  transfers  towed  by  tuga 
etc,  paaaea  through  these  Narrowa  A  system  of  hauling  the  pipes 
across  was  first  put  Into  practice  by  the  Water  Works  Company, 
this  system  being  greatly  Improved  by  the  late  City  Engineer. 
Colonel  Tracy,  M.  Can.  Soc  C.  E.,  and  the  Water  Works  staff. 

At>out  three  years  ago  It  was  Intended  to  place  another  main 
across  the  Narrawa  and  In  the  early  part  of  IBOJ  a  contract  was 
made  with  Messrs  Bobertson,  Godson  ft  Co.,  of  Toronto  and  Van- 
couver, for  the  supply  of  cast-Iron  pipes  for  a  submerged  main.  In 
accordance  with  the  following  specifications: 

To  be  12  ina  In  diameter  Internally,  I  In.  In  thickness,  lengths  to 
lay  12  ft.  each,  ot  the  best  cast  Iron,  strong,  tough  gray  metal,  cast 
vertically  with  the  hub  end  down,  the  bell  end  to  be  bored  spher- 
ically, and  the  spigot  end  to  be  turned  where  It  flta  In  contact  with 
the  bored  surface.  To  be  tested  to  a  preaaure  of  BOD  lbs.  per  sq.  In. 
and  hammered  under  pressure.  To  be  coated  with  I>r.  Angus 
Smith's  preparation,  or  preferably  with  Warts,  Dove  ft  Co.'s 
bitullthic  solution. 

The  pipe*  were  obtained  from  Stavely,  near  Glasgow,  In  Scotland. 
and  weighed  between  1,T25  and  I,SDO  Iba  each. 

'Etiffitf^nff-Contractinff,  April    22,   1908. 
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The  half  iection.  Fig.  14.  at  a  flexible  Joint  shows  the  latest  [orm 
ot  the  bell  and  Hplgot  of  a  pipe.  The  shape  of  the  bell  has  been 
altered  from  that  of  the  earlier  forms  to  cuuse  the  pipes  to  offer 
as  little  resistance  as  possible  In  sliding  along  the  bed  of  the  Inlet. 

The  pipes  were  delivered  at  Vancouver  In  August.  tSOE,  but  It 
was  not  convenient  to  place  them  In  position  till  the  latter  part  ot 
moe.  when  It  was  decided  that  they  should  be  tnld  directly  by  the 
city,   under   the  superintendence  of  Mr.    S.    Maddlson,    Iho  manaKer 


of  the  water  worka,  a-ho  hud  had  i 
laylnK  previous  nuilna.  Cuptuln  W 
laying  two  of  the  previous  ntalns,  i 
main,  was  engaged  us  foreman  of 
take  the  place  of  No,  3  pipe  line, 
r  and  brought  to  t 


luch  experience  In  tne  work  of 
Btcott,  who  was  contractor  (or 
id  foreman  on  laying  the  sisel 
the  work.  This  main  was  to 
:he  p[pes  of  which  were  taken 


A  chute.  Fig.  : 
with  4-in.  X  l-ln.  b.ili 
the  plank — supported 


constructed  of  ]J-ln.  x  2-ln.  dressed  plank. 
II  each  Bide — I.  e..  projecting  2  Ins.  above- 
ery  C  ft,   by  cross  pieces  of  3-ln.  x  4-ln. 


iglh  ot  the  main, 
n  pressure  of  3S0 
■ceil  on  the  chulQ 
2-ln.  plank,  about 
e  side  battens 


Fig.  IB,— Chute. 

(|unrterlng,  enrh  on  2  posts  of  3  In.  x  4  In..  fr( 

north  side  of  the  Narrows  extending  back  the 

Bach  length  of  pipe  was  tested  separately  und 

lbs.   to  the  square  Inch.     The  pipes  wert'  then 

spigot  ends  to  the  south,  with  a  piece  of  ll-ln. 

2  ft  long,  on  the  bed  of  the  chute  running  bets 

under  each  pipe  at  the  bell  end.     The  plcre  of  plank  was  notcnet 

nut  nt  the  top  side  and  upper  end.  so  as  to  go  under,  support,  and 

steady  the  hell,  and  keep  the  pipe  In  the  center  of  the  chute.     Th« 
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under  skids  of  these  blocks  were  well  K^eased.  The  spigot  of  each 
pipe  was  pressed  home  In  ttie  bell  ot  >Jie  next  one,  lend  run  in  ami 
calked  to  make  a  tight  Joint.  No  gaskets  were  used,  as  the  belle 
and  spigots  Rere  bored  and  turned  to  make  tight  and  flexible  Joints^ 
E^Hch  joint  required  from  60  to  TO  Iba.  of  lead,  making  about  lU 
tons  of  lead  used  In  all.  The  pipes,  after  being  put  together  and 
lotnted,  were  tested  collectively  under  a  pressure  of  IGO  lbs.  per 
square  Inch. 

A  line  was  pushed  through  the  pipes  with  a  rod  made  Of  a, 
number  of  long  slats  of  wood  nailed  together  and  a.  1%-ln.  steel 
wire  cable  hauled  through  them. 

Over  the  lower  or  south  end  of  the  string  of  pipes  a  cast-iron 
cap  1  In.  thick,  with  strengthening  ridges  on  the  outer  side,  and 
flange  overlapping  the  end  of  the  pipe,  was  placed,  leaded  aivl 
calked.  This  cap  had  a  2-ln.  circular  hole  In  the  center  with  a 
stufllng-boK.     Through  this  was  passed  a  2-ln.  turned  rod  3  fL  E  Ins- 


Flg.  IS. — Arrangement  of 


long,  and  the  hemp  packing  v 
the  inner  end  of  the  rod  was 
m-ln.  steel  wire  cable,  which 


'ell  tightened  up  around  It.  On 
re  through  which  the  end  of  the 
t  through  the  line  Of  pipes,  was 
ind  secured  with  four  clips.  The 
otiter  end  of  the  eye-bar,  on  which  a  screw  thread  was  cut,  went 
through  a  stimip-shaped  ring  and  was  made  fast 
nuts.  To  this  stirrup  one  of  the  hauling  cables  wt 
secured  In  the  same  manner  as  the  cable  Inside 
•ecured  to  the  other  end  of  the  bnr.  By  these  mear 
no  tension  on  the  front  end  of  the  string  of  pipes. 
The  end  length  of  pipe  carrying  the  cap,  etc.,  wi 
a  wooden  lagging,  bound  at  three  places  with  %-ln.  wire  rope. 
Figure  IS  readily  explains  the  arrangements  made. 

The  cable  on  the  west  side  of  the  pipes  was  attached  to  the  40th 
pipe  by  taking  two  turns  round  the  pipe,  bringing  the  end  back  to 
the  cable,  and  fastening  It  with  4  clips.  The  cable  on  the  east  side 
of  the  pipes  was  secured  to  the  13th  pipe  by  means  of  a  chain, 
which  had  a  round   turn  round  the  pipe,  and  the  ends  made  fast 


I  It  with  two 
attached  and 


s  covered  with 
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to  the  cable  with  dtps.  Iron  bands  wer«  put  round  the  pipe  and 
cables  tastened  at  intervais  xa  enable  h.  fair  pull  to  be  taken. 

On  the  upper,  or  north  end  or  the  pipe  a  cap  aimllar  to  the  one 
at  the  Bouth  end  was  placed,  with  the  exception  that  the  i-lo. 
circular  bole  In  the  center  was  [hrouxh  a  plain  boss.  A  2-ln.  round 
bar  passed  through  this  hols.  The'lnner  end  of  this  bar  bad  an  eya 
to  which  the  cable  through  the  pipes  was  attached  In  the  wme  way 
aa  the  other  end  of  the  cable  was  fastened  to  the  bar  throush  the 
cap  at  the  South  end  of  the  pipes.  On  the  outer  end  of  this  bar 
a  screw  thread  was  cut.  and  the  cable  throush  the  pipes  was  tight- 
ened up  with  a  nuL  A.  second  was  placed  above  the  flrst  one  lor 
the  sake  of  security.  A  length  of  12-ln.  pipe.  4  It.  long,  was  fltted 
Into  the  bell  of  the  last  pipe  for  the  Range  of  the  cap  to  St  on  to. 
The  whole  was  leaded  and  thoroughly  calked.  This  was  camplet«d 
on  Aug.  19. 

It  had  taken  about  a  month  to  do  this  work,  with  a  gang  of 
nhout  seven  men,  under  the  superintendence  of  Captain  Westcott. 
There   were   109   pipes,   making   1,3DS   ft   of  pipes,   whose  weight 


Fig.    IT. — Arrangement  of  Grlpper. 

varied  from  1,725  lbs.  to  1.800  lbs.  each,  giving  a  total  weight  of 
about  OG.DS  tons.  Including  lead  caps.  Internal  cable,  etc,  the  total 
weight  would  be  about    102  Vj   tone. 

l.SOO  ft..  1^  Ina  diameter,  and  1,800  ft,  lU  Ina  diameter,  fresh 
ateel-wlre  cnWea  Had  been  bought  These  cables  were  not  new,  but 
had  been  used  for  hoisting  In  the  mines.  Also  four  new  6-I1I.  (clr- 
cumferenre)  120  fathom  manlla  ropes  imd  been  purchased  at 
1160.00  each,  for  tackle.  Six  new  S-sheave  blocks  and  two  new 
single-sheave  blocks  had  been  made  In  the  water  works  Shops. 
The  cables,  on  their  reels,  had  been  taken  across  to  the  north  shore 
of  the  Narrows. 

The  end  of  a  line  was  taken  across,  attached  to  the  end  of  one  of 
the  cables,  and  the  cable  was  hauled  across,  a  snatch  block  and 
four  horses  being  used.  No  power  tackle  was  used,  as  the  hauling 
had  to  be  done  In  the  space  of  about  \h  minutes  at  Blai^  water. 

One  cable  was  hauled  across  at  slack  water  on  Aug.  IB,  one  on 
the  18th.  and  one  on  the  19th.  By  Aug.  23  everything  was  ready 
10  begin  hauling.  The  cables  hod  been  examined  by  the  diver  and 
lightened  up  with  their  blocks  and  tacklea 

By  means  of  a  grlpper.  Pig,  IT.  to  each  of  two  of  the  cables  was 
attached  a  tackle  consisting  of  a  pair  of  3-sheave  blocks  with  one 
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of  tho  120-fathoiii  6-1n.  tnanlla  ropes  rove  through  them  worked 
by  a  capMon  to  each  tackle  drtven  by  one  or  two  horsea.  Tlie 
other  cable  had  two  tackles,  with  a  pair  o(  3-sheave  blocks  at- 
tached to  each  tackle,  each  cackle  worked  by  a  capstan.  See  Fig. 
XS.  The  drum  of  the  capstan;  Fig.  19,  wa^  IS  Ins.  In  diameter,  and 
the  lever  arms  11  ft  each.  The  cable,  however,  wltii  the  two 
tacklea  attached,  had  been  left  taut  too  long;  the  flood  tide  caught 
It  and  carried  It  up  channel  about  100  ft.  at  the  center,  drawing 
two  lengths  of  pipe  sllRhtly  out  of  line  before  It  could  be  loosened, 
II  was  necessary  to  draw  It  back  to  the  north  iide  and  haul  It 
across  afresh.  This  had  been  done  by  Aug.  2S,  and  everything 
found  to  be  In  order.  Passing  vessels  had  caused  some  Incon- 
venience when  getting  the  lines  acroes. 

atondau,  Aupvtt  n. — Hauling  began  at  mid-day  at  low  water 
with  (our  horses,  L  e.,  one  at  each  capstan,  and  was  also  con- 
tinued on  the  slack  water  In  ttie  evening,  laotlog  altogether  about 


Ave  hours,  and  moving  the  main  about  178  ft  Tho  work  could  not 
be  carried  on  longer  as  the  tide  when  Btronger  would  have  caught 
the  cables  and  carried  them  out  of  line.  After  the  first  hauling  the 
manager  went  Uown  In  diving  dress,  eianilnpd  the  pipes  that  had 
nioved,  found  that  they  had  been  drawn  atralEht,  and  that  the 
Joints  were  uninjured. 

Tuefday,  Augnat  XS. — Hauling  was  carried  on  from  noon  to  2 
p.  m.,  and  from  S  to  S  p.  m.  The  main  was  hauled  134  ft ;  In  all. 
372  ft     P^ur  horses  had  been  used,  i.  e,,  one  at  each  capstan, 

Wednetda]/^  Auffumt  IS. — Up  to  7  p.  m..  only  about  35  ft,  had  been 
hauled.  The  horaes  had  been  doubled  on  two  capstans  and  had 
not  pulled  well  together ;  the  tide  also  had  not  served  well. 
Hauling  was  carried  on  from  7:10  to  7:3B  p,  m.,  when  It  was 
stopped  by  a  signal  from  the  other  side  (the  light  put  out).  It 
waa  found  that  one  side  of  the  chute  had  sunk  where  swampy 
ground  was  crossed,  and  that  the  pipes  were  slipping  oft.  About 
■1  ft.  had  been  hauled;    in  all  450  ft 

Thurgday,  Augutt  X. — The  chute  was  strengthened  early   In   the 
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lOt  favorable  (or  haullns.  whicli 
Only  one  capstan  was  double<l 

till  about  0  :X0  p.   m..  when  a  second  horse  was  put  on  No.   1   cup- 
atan.      Hauling   wna   stopped   about   1   a.   m,.   aa   the   horses  were 
unable  to   work   longer.     About   300   ft.   had  beei 
750  ft. 

FTiilav,  August  St. — In  the  morning  the  pipe  ^ 
the  diver,  who  went  right  along  Uie  part  under  water  trom  end  to 
end,  iind  found  everythlns  In  good  order.  There  is  a  soft  shingle 
bank  extending  from  the  north  side  to  within  about  live  hundrecl 
fi^et   Crom    the   south    side   of    the    Narrows,    and    the   iilpei    had 


1  hauleil :    In   all 

'Bs  examined   by 


ploughed  Into  ti 

hardpan. 

Hauling  began  about  5  p.  m.,  and  one  fleet  (the  length  of  travel 
of  the  moving  hloeka.  about  IS  ft.)  was  hauled  by  about  7  p.  m. 
The  tackles  were  then  overhauled.  Hauling  was  continued  again 
from  about  8  to  B:20'p,  m,.  when  the  gripper  on  the  eastern  cable 
jEiVB  waj'.  It  was  got  In  order  again  and  operntlons  were  con- 
tinued. About  1!  :S0  a.  m.,  the  central  cable  slipped  In  the  gripper 
and  work  was  suspended  for  the  night.  About  150  tt.  hauled;  In 
alt  300  ft. 
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The  pull  waa  now  becomlUK  heavier. 

Saturday,  SBptamber  /.—■The  diver  went  down  In  the  morning 
and  found  everything  in  good  shape. 

HaullnK  began  about  i  iZO  p.  m.  The  pipe  would  not  start  ut 
once,  and  the  gripper  on  the  central  cable  (No.  1  capstan)  slipped 
at  about  4  i45  p.  m.  It  had  to  M  looseneil  and  a  fresh  grip  taken, 
when  the  pipe  was  started.  The  fleet  was  finished  at  S  :I5  p.  m. 
It  was  found  from  measurement  that  162  ft.  still  required  to  be 
hauleiL  The  tackles  were  overhauled :  a  sheave  In  one  of  the 
blocks,  which  was  found  to  be  cutting  (the  hole  hail  become  en- 
larged about  Vt  in.)  wus  replaced  by  anolher.  and  hauling  was 
begun  again  alMnit  1:15  p.  m.  About  9  p.  m.  It  was  found  that  the 
head  of  No.  2  capstan  was  giving  way.  and  worli  had  to  be  sus- 
pended till  a  new  drum  could  be  made,  IG9  ft.  were  huuled :  In 
all    1.069   ft.;    155   ft.   remained   to   tie   hauled. 

Jdonday,  September  3. — A  new  capstan  barrel  had  been  made 
a.nd  placed  In  position,  and  hauling  was  begun  at  E:16  a.  m.  The 
main  was  moved  about  40  ft.,  but  the  tide  was  found  to  be  running 
out  too  strongly,  and  work  was  stopped.  The  pull  had  become  very 
heavy,  as  so  much  of  the  main  was  on  the  ground  and  part  of  It 
was  coming  up  hill.  Six  horses  were  used  this  day,  viz..  two  enrli 
on   Nos.   1  and   Z  capstans,  and  one  each  on  Noa.   :  and  i. 

Hauling  was  begun  again  at  11 :1D  a.,  m,  A  grlppcr  slipped  soon 
after  starting.  A  fresh  pin  wtis  put  In  and  tightfined  up,  and  haul- 
ing was  continued.  Before  long  the  rope  of  the  tackle  of  No.  2 
capstan  got  under  the  barrel  of  the  capstan  aiffl  had  to  be  cleared. 
The  fleet  was  flnlshed  at  12:26  p.  m.  Seventy  feet  still  required  to 
be  hauled. 

The  tackle  was  overhauled  and  work  begun  again  at  1  p.  m. 
The  n^ie  got  under  the  barrel  of  No.  2  capstan  again  and  had  to 
be  cleared.  The  hauling  was  heavy,  but  the  pipe  moved  steadily. 
The  work  waa  flnlshed  at  2  :4S  p.  m.,  the  front  end  of  the  pipe  being 
above  low  water.     Total  distance  hauled.  1.22(  ft. 

The  main  was  tested  on  September  5.  under  a.  pressure  of  125 
lbs.  per  eq.  in.,  and  found  to  be  perfectly  tlghL 

Captain  Westcott  employed  11  men  during  hauling,  as  well  as 
the  diver  and  the  drivers  of  the  teams. 

The  cost  of  the  1.30S  lln.  ft.  of  submerged  pipe  in  place  was  as 

Uateriala, 

965. OS   tons   12-In.   pipe  at  Wharf tS.842.eO 

Removing    to    site    of   work 200.00 

Lead,   7,000   IhB. 491.93 

8,040  ft.  B.  M.  lumber  for  chtite.  at   |18 144.T2 

2.436  ft.  B.  M.  lumber  for  platform,  nt  tIT 41.41 

i  kega  nalla.  at  M 13.00 

Building  chutes  and  platform,  putting  up  capstans,  placing 

and  Jointing  pipe.  July  2  to  Aug.  II 1,002.69 

liteullng  pipe  across  the  narrows  (Aug.  ZB  to  Sept.  g) , . . .   1,1S3.23 
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MiacellaneoKt. 
UaterlalB,  provlslona,  cartage.  IncldenlatB.  Qtc 410.1)0 

Total     »7,3«7.9! 

Plant  purchased  fresh   SSO.OO 

Grand  total.  1.308  ft.,  at  fS.SS |S,2ST.9S 

The  above  1930  worth  of  plant  purchased  for  this  work  consisted 
I  the  following  Items: 


S.OOO  It.    %-ln.    new   steel   cable,  at    T   ctH. tl40.l)l> 

2.800  ft.   1^-ln.  and  l%-[n.  old  steel  cable 150.M 

2,880  ft  0-ln.   (circumference)  Manila  rope S40.l)t 

Total     I9J0.00 

This  does  not  Include  the  blocks. 

The  wages  paid  were  high,  being  iS  to  30  eta  per  hr.  A  team 
and  driver  received  IS  per  day;  diver.  tlB  per  day.  Of  the  |1,1$3 
Item  of  hauling  the  pipe  across  the  Narrows,  1328  was  for  team 
and  driver  time. 

The  foregoing  coats  do  not  Include  the  cost  of  taking  up  and  re- 
moving the  old  pipe  line,  which  was  as  follows: 

Labor     ll.BBJ.TI 

Uaterlals  and  genera)  expense 40!.i9 

Total     (2,056.ie 

Cost  of  Laying  Pipe  Across  the  Wlllametts  Rlver.~A  32-ln,  pipe 
across  the  Willamette  Klver,  Oregon,  naa  laid  in  1S9S.  Two  aiSivt 
and  an  inclined  cradle  were  used.  The  gang  was  IS  men  and  1 
diver,  and  they  laid,  80  ft.  of  pipe  per  day  in  a  trench  23  fL  below 
the  water  surface.  The  plant  and  methods  are  described  In  the 
Trans.  Am.   Soe.  G.  E.,  Vol.  33,  p.  267. 

Cost  of  a  Wood  Stave  Pipe  Line  st  Denver. — Mr.  James  D.  Schuy- 
ler. In  Trans.  Am.  Soc.  C.  E.,  Vol.  31  (1894),  describes  and  illus- 
trates very  fully  the  building  of  a  wooden  pipe  line  for  Denver. 
Colo.  The  pipe  was  30  ins.  diameter,  made  of  staves  of  Texas 
pine  IM  Ina  thick,  with  H-ln.  round  iron  banda  A  pipe  laying 
gang  consisted  of  8  to  16  men  according  to  the  number  of  bands 
per  unit  of  length,  half  Che  gang  being  employed  in  back  cinching. 
On  a  34-in.  pipe  a  gang  placed  TOO  to  I.OOO  tkands  per  day.  lai-lng 
from  150  to  300  Iln.  ft.  of  pipe.  On  a  44-ln.  pipe  the  rate  was 
GOO  bands  per  day.  The  cost  of  erection  was  from  S  eta  per  bond 
on  a  30-in,  pipe  to  10  ctg.  per  band  on  a  43-1n.  pipe.  The  com 
of  1S.4  miles  of  30-ln.  pipe  was  (1.38  per  ft.,  distributed  as  followi: 

l.SSfl  U  Texas  pine,  at  tZT.EO I  S1,33S 

271.900  steel   bands   (W-ln.)   and   shoes 54.300 

Erection  ot  pipe,  E.l  eta  per  l>and.  by  contract ll.Stt 

*1II,5I5 
In   addition   the   trenching   and   baclcfllllng  coat   48   eta.   per  ft.. 

which  was  unusually  expensive. 
Coat  of  Wood  Stave  Pipe,  Astoria,  Oregon.— Ur.  Joba  BlrklnblD? 

gives  the  following; 

An  18-ln.  wooden  stove  pipe  at  Astoria,  Oregon,  T^  miles  long. 

coat   t0.90  per  ft.  In  place  Including  appurtenance^   with  lumber 
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at  ttS  per  M  and  tt«el  bands  at  4.8  cts.  per  lb.  Ur.  A.  !■.  Adoma 
BaT«  the  details  as  follows:  Includtas  all  apj>urteiiaincea  the  cost 
wai  90  cts.  per  It-,  but  It  was  Tt  cts.  excltuUiig  appurtenances. 
Tbe  labor  cost  as  foUowa ; 

Building  and  spacing  bands i&% 

Back-clnching 28 

Repainting    Iron    bands 3 

BacklllllnK  to  depth  of  t  Ins.  over  pipe B.TE 

Placing   K>eclBls    S.tO 

Placing  air  valvee 0.75 

Unclassified   labor    3.00 

Total    .' 100.60 

In  Colorado,  S%  miles  of  !8-tn.  wooden  stove  pipe,  under  a  head 
nartlDg  at  20  ft.  and  ending  at  160  tt.,  cost  tl.GT  per  ft,  exclu- 
sive of  ditching.  The  cost  of  6%  miles  of  SS-ln.  to  44-ln,  pipe  was 
)t«0  per  ft.  exclusive  of  ditching.  The  coat  of  «»  miles  of  3S-ln. 
to  44-ln.  pipe  was  12. Su  per  ft.  exclusive  of  ditching.  In  1903  near- 
ly i  miles  of  42- 'n.  wooden  stove  pipe  was  laid  at  Absecom,  N.  J., 
for  Atlantic  City,  at  t2-2G  per  fL  In  place.  It  was  laid  on  the 
hydraulic  grade  line,   requiring  no  heavy  banding. 

EHImated  Cost  of  wood  Stave  Plps.~In  liSS  Mr.  A.  L.  Adams 
made  the  foUowlns  estimates  of  cost  per  foot  of  wood  stave  pipe 
hi  Chicago,  exclualTe  of  contractorif  proflta.  The  cost  Includes  lay- 
ing the  plpA,  but  does  not  include  hauling,  tin  fortunately  the  de- 
tails, upon  which  the  estimate  Is  based,  are  not  given.  Apparent' 
ly  the  costs  do  not  Include  trenching. 

Dfam.,  2B.ft.  60-ft.  100-fL  200-fL 

Ina.  head.  head.  head.  head. 

12  10.42  t0.4e  10.83  tO.BS 

18  O.eo  0.80  1.02  1.4G 

24  0,79  0.91  1.14  l.fil 

30  0.9S  1.12  1.44  2.0S 


T2  3.6e  4.38  G.S3  8.73 

Cost  of  Wood  Stave  Pipe  Line  at  Atlantic  City.— Ur.  Kenneth 
Allen  and  Ur.  C.  J.  Uyers  give  the  following  data  relative  lu  u. 
wood  stave  pipe  built  by  contract  for  Atlantic  City.  N.  J.,  In  1901. 

The  pipe  Is  42  Ins.  diameter,  of  Washington  fir.  the  staves  being 
cut  from  Sx8-In.  lumber,  and  measuring  19/16  Ins.  thick.  The 
bands  are  spaced  12  Ins.  apart,  and  are  of  M  In.  round  steel.  The 
bands  were  bent  by  winding  them  around  a  cylinder  38  Ina  In 
diameter.  After  bending  they  were  wired  together  In  bunches  of 
five,  and  dipped  In  hot  (400°  F.)  Mineral  Rubber  Field  Paint  for 
about  3  mine.  About  750  bands  were  bent  and  dipped  per  day  by 
a  gang  of  T  men  and  a  foreman,  using  20  gala  of  mineral  rubber. 

Trenching  was  begun  Feb.  4.  and  the  9.800  ft  of  pipe  was  com* 
pleted  Apr.    10.     The  material  was  largely   eand.     The  pipe  was 
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laid  5n  the  bed  6(  an  old  canal,  sections  of  which  vrere  danAied  off 
uiid  puniped  out  with  two  -I-ln.  gasoline  pumps. 
The  pipe  gang  was  as  follows: 

2  men  handling  muterlaj, 

2  men  driving  staves.  i 

2  men   tightening  bands. 

1  man  roundlnB  out  pipe  by  liammering  Inside. 

2  men    back-c Inching. 

1  boy  painting  bands. 

2  men  tamping. 
There  ware  also: 

S  day  men  on  gasolene  pumps. 

2  nlgbt  men  on  gasolene  pumps. 

2  men  on  diaphragm  pumps. 

S5  men  backfilling. 

The  first    26'7!-   o(  the  work  cost  considerably  more  than   the  hist 

Tlie  labor  cost  of  the  first  2fl%  done  during  Feb.  <  to  Mar.  i. 
was  as  rollows.  per  lln.   ft. ; 

Excavation    and    PackflU  : 

4.92    hra.    labor   ut    15    cts. (0.7t 

0.2S  hrs.  foreman  at  40  cts. 0.1 1 

Making  Pipe: 

1.05    hrs.    labor   nt    20    cts. (0,21 

0.13    hrs.   labor  at   40   cts O.OS 

During  Uar.  5  to  Apr,  16,  the  labor  cost  was  us  follows  per  lln, 
ft.: 

Eiicnvatlon   and    Backflll : 

4,91    hrs.    labor   at    16    cts 10,71 

0,18  hra,  foreman  at  40  cts. 0.07 

Making  Pipe: 

0.73  hrs,  labor  at  20  els ..$0.15 

0.0?  hrs.  foreman  at  40  cts. 0.03 

During  tne  first  period  there  was  leas  excavation  per  lln.  (t- 
and  less  water   to   handle. 

The  freight  on  the  staves  from  Washington  was  t300  per  car. 
The  contract  price  for  (he  42-ln,  pipe  was  12, 2S  per  lln.  ft  exclu- 
sive  of  earthwork. 

Labor  on  a  wooden  Stave  Pipe  at  Ogden.-'Mr.  Henry  Ooldmark 
gives  (he  following  relative  to  6  ft.  wood  stave  pipe  line,  2T.0Ot  ft. 
long,  built  in  1S9S  near  Ogden,  Utah,  The  pipe  Is  laid  In  a  treDCh 
81^  ft.  wide  and  9Va  t(,  deep.  The  maximum  hydrostatic  pressure 
Is  dO  lbs.  per  sq.  In.  The  lumber  was  Douglas  flr,  the  staves  meai' 
urlng  2^x8  Ins.  before  tlnal  dressing,  and  S  x  T '.^  Ins.  dressed, 
Kills.  6x8  In,  X  8  ft,,  were  laid  8  ft,  apart,  with  S  z  S-ln.  chocks 
or  cradles  on  top.  The  bands  were  %  to  K  In.,  and  there  were 
(WO  shoes  to  each  band.  A  gang  of  20  men  built  about  70  lln.  tt. 
per  day;  10  of  these  men  aasembled  the  pipe  and  put  on  enouith 
bands  to  hold  the  stavea  together;  the  other  10  men  put  on  tha  re- 
maining bands  and  did  the  back-clnching.    There  were  I.50O,O(lt  (L 
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B.  U.  of  lumber  and  2,500,000  Iba.  of  steel  In  bands  and  shoes  uf 
(hi)  27,000  Un.  II.  pipe  line. 

LUrar  on  a  Wooden  Stave  Plpa  at  LynchbUrB-— A  wood  stavi^ 
eHwllne  was  laid  la  1906  at  Lynchburg,  Vo.  The  pipe  la  30  loD. 
•IlauL,  made  of  2  x  G-ln.  redwood  ataveii,  banded  with  K-ln.  stvel 
rod).  The  cast  ahoes  weigh  1  lb.  each ;  320,000  bands  were  ui$e<l 
lor  1,000,000  ft.  R  M.  .of  staves.  A  k^ok  of  IS  men  averaged  150 
(I-  of  pipe  built  per  day ;  12  o(  these  men  lit  up  and  assemble  the 
[)i[i«.  and  6  men  beck  cinch.  The  trench  was  G  tt.  wide,  the  upper 
cart  being  excavated  With  drag  acrapers. 

Coat  of  a  Ralnferced  Concrete  Conduit.— To  Mr.  G.  C.  Woollard, 
engineer  for  James  Stewart  &  Co.,  contractors,  I  am  Indebted  for 
Ibe  following  data  relating  to  the  construction  of  a  5-ft.  concrele- 
Bteel  conduit  In  the  Cedar  Grove  Reservoir,  near  Newark,  N.  J. 
Two  conduits,  side  by  side,  were  built  across  the  bottom  of  the 
rnervoir  from  the  gate  bouse  to  a  tunnel  outleL  Since  the  con- 
ilulti  are  to  be  submerged,  a  small  amount  'of  leakage  at  end  Joints 
>'  not  objectionable. 

Trial  sections  of  the  condulta  were  tested  under  hydrostatic  pres- 
•ure:  one  of  -  the  conduits  broke  under  an  Internal  pressure  of  ii 
iba  per  sq.  In.,  rupture  taking  place  at  a  Joint  near  the  springlnK 
line  of  the  arch  where  work  had  been  stopped  over  night  during 
construction.  Another  section.  In  which  no  stopping  liad  occurred, 
resisted  a  presaure  of  31  lbs.  per  aq.  in. ;  but  the  leakage  of  thi' 
vooden   bulkliead   used   In   the   test   prevented   applying  a   greater 

The  concrete  was  1  :  2  :  B,  no  stone  exceeding  1%  ln»,  being  used. 
Expanded  metal.  No.  10  atee!  with  a  3-in.  mesh,  weighing  O.jS  lbs. 
per  sq.  fU.  made  by  the  Associated  Expanded  Uetal  Companies,  was 
UHd.  When  construction  was  begun  the  sheets  of  expanded  metal 
were  bent  up  Into  the  middle  wall,  but  It  was  found  that  the  In- 
clined part  of  the  metal  acted  aa  a  screen  to  separate  the  mortar 
from  the  atone.     Hence  the  form  of  the  mctnl  waa  made  as  In  fig. 

'The  particular  thing  that  was  Insisted  upon  by  both  Mr.  M.  R 
Sherrerd.  the  chief  engineer  of  the  Newark  Water  Department, 
and  Mr.  Carlton  E.  Davis,  the  resident  engineer  at  Cedar  Grove 
Reservoir,  In  contiectloti  with  these  conduits,  was  that  they  be 
bulk  without  sections  in  their  circumference,  that  the  whole  of  the 
cErcun^erence  of  any  one  section  of  the  length  should  he  construct- 
ed St  one  time.  They  were  perfectly  willing  to  allow  ua  to  build 
the  conduit  In  any  length  section  we  desired,  so  long  as  we  left  an 
eipanslon  Joint  occasionally   which   did   not   leak. 

"The  good  construction  of  these  conduits  was  demonstrated  later. 
when  the  section  stood  40  lbs.  pressure  to  the  square  inch,  and.  In 
addition,  I  may  say  that  these  conduits  have  not  leaked  at  ail  since 
their  cODStrvctlon.  This  shows  the  wisdom  of  building  the  conduit 
all  around  In  one  piece,  that  is.  In  placing  the  concrete  over  the 
centers  alt  at  one  tlme^  Instead  of  building  a  portion  of  It.  and  then 
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completing  that  portion  later,  after  the  lower  portion  had  bad  an 
opportunity  to  seL 

"The  centers  which  I  designed  on  this  work  were  very  slniplc 
and  Inexpensive,  SiS  will  be  gathered  from  the  cost  of  the  work. 
when  I  state  that  this  conduit,  which  measured  onlr  0-8  cu.  yd.  el 
concrete  to  the  lineal  toot  of  single  conduit,  cost  onlr  16,14  i>er  en. 
yd.,  built  with  Atlas  cement.  Including  all  labor  and  romia  and 
material,  and  expanded  metaL  The  forms  were  built  In  IC  ft. 
lengths,  each  IS  ft  length  having  Ave  of  the  segmental  ribbed  cen- 
ters such  as  are  shown  In  Flc,  20,  vli..  one  center  at  each  end  and 
three  Intermediate  centers  in  the  length  of  IS  (t.  These  aeKmenti 
were  made  by  a  mill  In  Newarli  and  cost  90  eta.  apiece,  not  Indud- 
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InK  tlio  bolts.  We  placed  the  lagglnE  on  thcso  forms  at  the  reser- 
voir, nnd  It  wna  made  of  ordinary  2x4  mutcrlal,  surfaced  on  both 
sides,  with  the  edges  bevelled  to  the  radius  of  the  clrrle.  The»* 
plerfB  of  2x4  were  nailed  with  two  lOd.  nails  to  each  segment. 
The  Begmenta  were  held  together  by  four  Vj-ln.  bolls,  which  passed 
throuch  the  renter,  .and  li^-ln.  wooden  tie  block.  There  was  no 
bottom  sefc-m^t  to  the  circle.  This  was  left  open,  and  the  whole 
form  held  npnrt  by  .1  piece,  B,  of  S  x  2  spruce,  with  a  bolt  at  each 
end  iKilteil   to  the  lower  Beetnent  on  eiich  side. 

"The  outsiile  forma  con»iJ>lert  of  four  steel  angles  to  each  li  "■ 
of  the  conduit,  one  on  cnrli  end.  and  two,  back  to  back.  In  (he  mid- 
dle of  each  16  ft.  length.     These  angles  were  2x3.  with  the  t-ln. 
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■Me  OB  the  conduit,  and  the  3-ln.  Bide  of  the  angle  had  small  1uk> 
bolted  on  It  at  Intervale,  to  receive  the  2  x  12  plank,  which  waa 
sUK>ed  down  on  the  outalde  o(  the  conduit,  as  It  woa  raised  In 
height.  The  angles  were  held  from  kicking  out  at  the  tiottom  by 
■takes  driven  Into  the  ground,  and  held  together  at  the  top  by  a 
li-tn.  tie-rod. 

"The  conduit  was  ID  1ns.  thick,  save  at  the  bottom,  where  It  was 
IS  Ins.  The  reason  for  the  12  Ins.  at  the  bottom  was  that  the 
forma  had  to  have  a  firm  foundation  to  rest  on,  In  order  to  put  all 
the  weight  required  by  the  conduit  on  them  In  one  day  or  at  one 
time,  without  settling.  We  therefore  excavated  the  conduit  to 
grade  the  entire  length,  and  deposited  □  4-ln.  layer  of  concrete  to 
let-el  and  grade  over  the  entire  length  of  the  conduit  line.  This 
gave  us  a  good,  firm  foundation,  true  and  accurate  to  work  from, 
and  this  Is  the  secret  of  Ihe  good  work  which  was  done  on  these 
conduits.  If  you  examine  them,  you  will  say  that  they  are  one  of 
the  neatest  Jobs  of  concrete  In  this  line  that  has  been  built,  especi- 
ally with  regard  to  the  Inside,  which  Is  true,  level  and  absolutely 
smooth.  [The  author  can  confirm  this  statement]  When  the  con- 
duit Is  tilled  with  water.  It  falls  oR  with  absolutely  no  point  where 
water  stands  in   the  conduit  owing   Co   Its  being  out  or  the  proper 

"The  centers  were  placed  In  their  entirety  on  a  new  length  of 
conduit  to  be  built,  resting  upon  four  piles  of  brick,  two  at  each  end 
as  shown.  The  first  concrete  was  placed  In  the  forma  at  the  point 
marked  X  and  the  next  concrete  was  dropped  In  through  a  Crap 
door  cut  in  the  roof  of  the  conduit  form  at  the  point  marked  Y. 
Tills  material  was  dropped  In  to  form  the  Invert,  and  thta  portion 
was  shaped  by  hand  with  trowels  and  screened  to  the  exact  radius 
of  the  conduit.  The  concrete  was  then  placed  continuously  UP  the 
sides,  and  boards  were  dropped  In  the  angles  which  I  have  men- 
tioned, and  which  served  as  outside  form  holders  till  the  limit  was 
reached  at  the  top,  where  it  was  Impossible  to  get  the  concrete  In 
under  the  planking  and  thoroughly  tamped.  At  this  point  the  top 
was  formed  by  hand  and  wlih   screeds, 

"Each  16 -ft.  length  of  this  concrete  was  made  with  opposite 
ends  male  and  female  respectively,  that  la,  we  had  a  small  form 
which  allowed  the  concrete  to  step  down  at  one  end  to  3  Ina  In 
thickness  for  S  Ins.  back  from  the  end  of  the  section,  and  on  the 
other  end  of  the  section  it  allowed  it  to  step  down  to  3  Ins.  In  thick- 
ness In  exactly  the  opposite  way,  making  a,  scarf  Joint.  This  was 
not  done  at  every  16  ft.  length,  unless  only  IS  ft.  were  placed  In 
one  day.  We  usually  placed  48  ft.  a  day  at  one  end  of  the  conduit 
with  one  gang  of  men.  This  was  allowed  to  set  24  hours,  and, 
whatever  length  of  conduit  was  undertaken  In  a  day,  was  absolute- 
ly completed,  rain  or  shine,  and  the  gang  next  day  resumed  a|>era- 
tiona  at  the  other  end  of  the  conduit  on  another  48  ft.  length.  This 
was  completed,  no  matter  what  the  weather  conditions  were,  and, 
towards  the  close,  of  this  day  the  forms  placed  on  the  preceding 
day  were  being  drawn  and  moved  ahead. 
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"The  method  used  tn  moving  these  forma  ahead  for  another  day's 
ivork  IB  probably  one  of  the  aecrets  of  llie  low  cost  of  this  work. 
and  It  Is  one  which  we  have  never  seen  employed  before.  The 
bolt  lit  A,  I'-lE.  20,  waH  taken  out,  and  tlie  tie  brace  B  thrown  up. 
tVe  liad  hooks  at  the  points  C.  A  lumbuckle  was  thrown  In.  ra.ich- 
Ine  these  hooks,  and  given  several  sharp  lurns,  causlnB  the  entire 
form  to  spring  downwaro  and  Inwards,  wlilcb  gave  It  Just  enousli 
clearance  to  be  carried  forward,  without  doing  any  more  Htrlking 
of  forms  than  pulling  the  bolt  at  A.  This  method  of  pulling  Hie 
fonna  worked  absolutely  satisfactorily,  and  never  gave  any  trouble, 
and  we  were  able  to  move  the  forms  very  late  In  the  day  and  Bet 
them  ail  set  for  next  days  work,  giving  all  the  concrete  practical- 
ly 24  hours'  Bet.  as  we  always  starteil  concreting  In  the  morning  at 
the  turtbeat  end  of  the  form  set  up  and  at  tiie  grealest  distance 
from  the  old  concrete  possible  In  tbe  4S  ft,  lengtli,  as  the  furthest 
form  had.  of  course,  to  tie  moved  first,  it  being  Impossible  to  pass 
one  form   through  the  other.. 

"Ijlx  16-fl.  sections  of  these  forms  nere  built,  and  three  were 
used  each  day  on  eacli  end.  as  shown  by  the  diagram  UN.  Fig. 
JO,   wliich  gives  the   day  of  tiie  month   for  the  completion  o(  euch 


"A  gang  of  men  simply  shifted  on  nlternate  days  from  end  to  end 
of  the  conduit,  although  several  aecllons  were  In  progress  at  one 
time;  and  of  course,  nnally,  when  a  Junclion  was  made  between 
any  division,  say  of  1,000  ft.,  to  another  l.OOO  ft.,  one  small  form 
was  left  In  at  this  Junction  Inside  of  the  conduit,  and  had  to  be 
taken  down  and  taken  out  the  entire  length  of  the  conduit 

"The  centers  for  a  16-ft.  length  of  this  conduit  com  complete 
for  labor  and  material.  JIB.SO,  but  they  were  uaeii  over  and  over 
ngain ;  and,  after  this  conduit  was  completed,  they  were  taken 
away  tor  use  at  other  points,  so  that  itie  <'ast  is  hardly  upprecl- 
nble,  and  the  only  charge  to  centers  Ihiit  we  made  after  the  first 
cost  Of  building  the  centers,  was  on  account  of  moving  them  dally. 
Part  of  Ihis  conduit  was  built  double  (two  S-ft.  conduits)  and  part 
single,  the  only  dlfterence  being  that,  where  the  double  conduit 
was  built,  two  forms  were  placed  side  by  side,  and  not  so  much  wa! 

"These  conduits,  when  completed  and  dried  out.  rung  exactly 
llkc  a  60-ln.  cast-iron  pipe,  when  nny  one  walked  through  them  or 
stumped  on  the  bottom." 

Mr,  Woollard  gives  the  following  analysis  of  the  coal  per  cubic 
yard  of  the  conrrcte- steel  conduit  above  deKcribeil: 

1.3  bbl.  cement   HAi 


Loading  and  hauling  muti-iliils  :;.l)i>u  ft.  tn  (he  mlxloK  board 

(team    nt    II. BO)      O.BO 

Ijilior  mUing.  plncinB.  and   riitnmlntt I.aS 

Labor  moving  forms O.SO 


.  .S«.1f 
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Waeet  were  17%  cts.  per  hr.  for  laborers  and  50  cts.  per  hr.  for 
furemen.  Ttie  concrete  was  1  :  2  :  S,  a  barrel  being  assumed  lo  be 
3.S  cu.  (t.  The  concrete  wua  mixed  by  hand  on  platforms  ulong- 
side  the  conduit.  Tbe  coat  of  placing  and  ramming  v/^ix  high,  un 
account  o(  tbe  expanded  metal,  the  small  Bi>ace  In  which  Co  t^imp, 
and  to  the  aereedlng  cost.  When  forma  were  moved  they  were 
scraped  and  brushed  with  soft  soap  hefore  betng  used  aKsln- 

From  Mr.  Morris  R.  Sherrard,  Engr.  and  Supt.  Dept.  o(  Water, 
Xewark,  N,  J.,  I  have  received  the  following  ihita  which  dUTer  slight- 
ly from  those  given  by  Mr.  Woollard.  The  dlTferencea  miiy  be  ex- 
plained by  the  fact  that  the  cost  records  were  made  at  different 
times.  Mr,  Sberrerd  states  (Sept.  2G,  1304)  that  each  batch  con- 
tains 4  cu.  ft.  of  cement.  8  cu.  It.  of  sand,  and  :0  cu.  ft.  of  stone, 
making  SZ  cu.  ft.  of  concrete  in  place.  One  bag  of  cement  Is  as- 
sumed to  hold  1  cu.  ft.  He  adds  that  a  10-hr.  day's  work  tor  a 
gang  is  63  lln.  ft.  of  single  5-fL  conduit  containing  i~.t  cu.  yds.  of 
L-oncrete  and  1.260  sq.  ft  of  expanded  metal.  This  la  equivalent 
to  %  cu.  yd.  of  concrete  per  lln.  fL  The  total  cost  of  material  for 
one  complete  set  of  forma  84  ft.  long  was  tlfiO;  and  there  weie 
T  of  these  sets  required  to  keep  two  gangs  of  men  busy,  each  gang 
building  63  lln.  ft.  of  conduit  a  day.  Since  the  total  length  of  the 
conduit  was  3.SE0  ft.,  the  first  cost  of  tbe  material  In  the  forms  was 
IS  cts.  per  lln.  ft. 

Cost   of  Labor   on    o-fl.    Conduit : 

Per  day.     Per  cu.  yd. 

I  foreman   on    concrete    f  3.35  »0.07 

1  water  boy   0.7.i  o.oi 

I I  men  mining  at  II. 7B 19. 2n  U.39 

S  men  mixing  at  (1.60 7.50  0. 16 

4   roen  loading  stone  at  tl,40 !>,6n  O.iz 

4    men   wheeling   atone   ai    tl.40 TlRO  0.12 

2  men  loading  sand   at   tl.40 :;.80  0.06 

2  men  wheeling  sand  nt  11.40 2.KH  0.06 

1   man  placing  concrete  at  J1.76 1.75  0.0* 

■i    men  supplj^ng  water  at  SI. 50 3. 00  0.06 

1  man  placing  e.-ipandcii  meliil  iit  !-■ J.(iO  0.04 

I    man  placing  expanded  metal  ut  tl.60 1,50  0.O3 

Total   labor  on   concrete    IS4.90  11.35 

Cost  of  Labor  Moving  Forms: 

Per  day.     Per  pu-  yd. 

4    carpenters  placing  forms   tlS.OO  fO.27 

-2   lielpera  placing  forma 4.00  0.08 

1   carpenter  putting  up  boards  for  outside  forms    2.73  0.06 

1  helper  puttlns  up  boards  for  outside  forma. . . .      Z.25  0.05 

2  helpera  putting  up  boards  for  outside  forms.      3.50  0.07 

1    team   hauling  lumber 4.50  O.09 

1   helper  hauling  lumber   1.75  0.04 

Total   labor   moving  forms (31.75  (0.66 

It  win  be  noted  that  it  required  two  men  to  bend  and  pince  the 
700  lbs.,  or  1.260  sq,  ft.,  of  expanded  metal  required  for  6n  lln.  ft. 
of  conduit  per  day.  which  Is  equivalent  to  0.5  cC.  per  lb.,  or  0,3  cL 
per   sq.   (t.,    for   the  labor  of   shaping,   placing   and   fastening   the 

Reference  to  Other  Concrete  Conduits — In  the  section  on  Sewers 
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will  be  found  moTe  data  on  reinforced  concrete  condultl.     fiee  alvo 
Gillette  and  HIU'b  "Concrete  Construction— MethodH  and  Cost." 

Coat  of  Brick  Conduit.— A  conduit  of  horse«hoe  aliape,  Tli  ft. 
In  dlameler.  wae  built  with  a  brick  arch  8  Ins.  thick  and  o  con- 
crete Invert  lined  with  brick  4  Ins.  thiclc.  The  following  relates  to 
the  brickwork.  Work  waa  done  by  contract,  In  1884,  In  UnsBachu- 
sttta.  Mr.  Henry  A.  Carter  glvea  the  cost  of  BSD  U  of  brickwork 
was  as  follows: 

Foreman,    39    days,    at    15.00 T  196.00 

Laborers,    320    days,    at    S1.25 400.0U 

Laborers,   1.752  duya.  at  il.60 3,6aH.00 

Masons.    T53   days,   at    U.90 J.liOl.SO 

Carpenters.    4    days,    at    (2.S0 lO.OU 

Horsp  and  ear,   90  daya.  at  11.15 asa.SO 

Mlaoellaneoua    labor     23.76 

Materiala: 

Brick,    9«O,D0O.    at    fS.IO   per   M 0.024. 00 

Cement,    31fi    bbls.    Portland,    at    »3.i0 l.OOS.OU 

Cement,    1,681    bbla.    natural,    at    tl.26 !{.11S.08 

Sand,  671  cu.  yds.,  at  J1.20 GUbat) 

Plant: 

Boiler,   15   day^  at  11.00 15.00 

Pumps.    101    daya,    at    (0.25 1!S.1!5 

Cars  and  tools    70.00 

h-orms  and   centers    K04.UO 

Coal,   12    tons,   at   J6.00 7B.U0 

Office    buildlntc    67.00 

Total     J30,5aS.2B 

General  expense,  timekeeper,  wnlchman,  elr.      1.038.38 

Grand    total     t2I,6S7.GZ 

These  960  M  ot  brick  made  1.600  cu.  yds.  of  masonrj-,  or  670 
britka  per  cu.  yd.  About  6%  were  culled  and  rejected.  It  toolt 
1.23  bbla.  of  cement  per  cu.  yd.  Hasons  each  averaged  1. 250  bricks 
per  day,  which  waa  a  poor  average  for  men  paid  such  high  wages. 
The  cost  per  cubic  yard  of  this  brick  masonry  was; 

Masons    laying,    at    40    cts.    per    hr f  2. an 

Laborers    tending.    Including    unloading,    etc.,    IS 

cts,    per   hr .• 2.07 

Brick.   570  at    »8,<0    per  M G.SR 

Sand.  0,35  cu.  yd.,  nt  1120 0.4:i 

Cement,    1.23    bbls.     1.6G 

General   expense  and  miscellaneous    1.06 

Total   per   cu.   yd H3.US 

The  cost  of  2,500  cu.  yds.  of  concrete  In  the  foundation  and  In- 
vert was  as  follows: 

Labor:  Per  cu.  yd. 

Foreman,    nt     12.76 lO.lS 

laborers,    20  at  »1.«6 l.dZ 

Carpenters.    2    at   12.25 0.15 

Horse  and  car.   nt   »3,is O.IB 

Mlacetlaneoua   labor    0.01 

Total   labor    *1.8S 
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UaterialB 

Lumber  for  lom 
CemoQt  Bhed  . . . 
Toola,    piunplDg, 


Qrana    total    15-21 

Waloht  of  Iron  or  Staal  Stand  PIpea.— With  Iron  or  steel  Bsaunied 
(o  have  b.  mLte  lenalle  atrera  of  IS,6D0  Iba.  per  sq.  In.,  oaaumlns  that 
single  riveted  Jofnta  have  S<I%  of  the  atrengrth  of  the  aolld  sheet  and 
that  double  riveted  Jolnta  have  76%.  each  aheet  to  build  S  ft. 
Table  XIII  was  calculated  by  Mr.   A.  H.  Howland  In  1884. 
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(Tom  thiH  table  the  details  of 
mined  and  tabulated.  Then  fror 
weight  of  the  metal  as  tollowa : 
Btand  pipe  of  given  diameter  for  i 
by  the  weight  of  a  square  foot  < 
ring,  add  Ihem  all  together  and  i 
then  add  10%  for  laps  and  rivets. 

Coat  of  a  Standpipe,  QuEncy,  Maas.— Mr.  C.  M.  SaviUe  gives  the 
following  relative  to  a  300,000  gal.  ateel  standpipe  built  in  1900.  at 
QulDcy,  Haas.  The  pipe  Is  30  ft.  dlam.  and  64  ft.  high.  The  lowest 
plates  are  9/16  In.  thick,  and  the  top  plates  are  Vi  in.  thick.  The 
bottom  is  o(  K  in.  plates.  The  bottom  or  floor  plates  and  the  flrst 
course  were  assembled  and  riveted.  resllnK  on  rivet  kegs  directly 
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over  their  flnal  location  in  the  concrete  toundatlon,  and  tben  lov- 
ereJ  to  place  wltli  hydraulic  jacks. 

In  erectlnB.  the  contractor  used  Inalde  and  outside  platforms 
SB-ung  from  iho  top  of  the  last  plates  set  up.  and  tor  holBlint  the 
plates  he  used  a  gin  pole  bolted  to  seams  In  this  course.  This  pole 
was  ot  such  a  lonslh  that  a. block  at  Its  top  was  9  (t.  above  the 
top  oC  the  plalp  to  which  the  pole  was  boiled.  The  hand  wincli 
vas  located  on  the  ground..  Hlvellng  and  calking  vert  Oone  with 
pneumatic  machines,  a  \'i  HP.  Clayton  air  compressor  (a  larger 
compressor  should  have  been  used)  and  2a  HP.  boiler  being  used. 
For  calking  a  thick  eiged  tool  was  required,  as  It  made  a  betler 
joint  than  a  thin  edged  tool. 

The  side  plates  were  first  set  up  with  bolts,  and.  when  all  were  in 
place,  (he  rivetlns  was  begun  at  the  top  and  worked  down,  except 
In  the  case  of  the  lowest  two  or  three  courses,  when  riveting  liept 
pace  with  erection.  The  simxco  between  the  bottom  of  the  pipe  am) 
the  concrete  foundation  was  fllled  with  neat  cement  grout,  by 
tneans  of  a  force  pump,  through  grooves  left  for  the  purpose  In  the 
concrete  founilatlon.  During  this  process.  6  ft.  of  water  were  put 
Into  tha  standpipe  to  prevent  Its  being  lifted. 

The  actual  cost  (to  the  contractor)  of  (he  labor  on  the  stand- 
pipe  was  nearly  0.9  ct.  per  lb.,  as  follows: 

Per  lb. 

Assembling   plates   %0.33 

Riveting     0.4:! 


Jalklng 
Painting 


Total     iO.89 

The  contractor's   plant   cost   about   11,600.     The  gang  employed 
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Since  the  toli^  weWit  oC  the  standplpe  was  116,150  Ibe.,  I 
per  pound  waa: 

Materials    1.99  cts. 

Labor    ,..0.8»  cts. 

Tolal     i.8g  eta. 

The  steel  atandplpe  reate  on  a  concret?  foundation  and 
Founded  by  a  masonry  tower.     At  contract  prlcca  the  total  o 


(4S  ft.  diam.  > 
lutlnE  under  atandplpe  . 


.    24.790.01 


:9.3I 

Grand  total    »32.011.23 

The  masonry  tower  la  77  ft.  high,  t%  fl.  thick  at  the  base.  3^  CI. 
thick  at  a  point  10  It  above  the  base.  3  fl.  thick  at  the  top.     Tlio 
following  are  principal  Items  In  the  tower: 
9£s   cu.  yds.  rubble  masonry   (granite). 
275  cu.   yds.  dimension  stone   (granite). 
H  tona  Iron  and  steel  work. 
90   eq.   yds.  Branollthic  observation  roof. 

The  so-called  rubble  was  [aid  In  courses  with  W-ln.  Joints  at  th? 
tact.  Between  the  tower  and  the  standpipe  the  contractor  erected  a 
Etaslng.  Across  iiie  top  of  the  sCandpIpe  were  placeil  two  jyaim 
of  4  X  t2-ln.  timbers.  30  (t.  long  and  trussed  with  IVl-ln.  rods. 
These  timbers  rested  partly  on  the  standplpe  and  partly  on  ili.' 
staging.  A  platform  was  laid  on  these  timbers  and  a  guy  derrick 
w-lth  a  20  fL  mast  and  a  30-ft.  boom  was  mounted  on  the  platform. 
Coat  of  StMl  Stand  Pine  Encased  In  Brick.— Mr.  Edward  Flad 
gives  the  following  data  relative  to  a  standplpe  built  In  1S95  at  St. 
Chnrlea,   Mo. 

The  tank  la  25  ft.  diajn.,  70  ft.  high,  and  holds  250,000  gals.  It 
Is.  ot  Hloel  plates  ( ii  to  ^S  In.  thick)  eneasea  In  brick,  a  space  of 
2  ft-  being  left  between  the  brick  and  the  steel.  It  rests  on  a. 
foundation  of  natural  cement  concrete  5  ft.  thick.  The  root  Is  of 
Mrel  covered  with  slate.  There  are  six  horizontal  circular  girders 
riveted  to  the  steel  casing,  to  provide  for  wind  pressure,  acting  like 
:he  HtlfTeners  of  a  plate  girder.  The  brick  work  is  9  Ins.  thick  for 
ihe  upper  30  ft.  and  13  Ins.  thick  tor  the  lower  40  fL,  and  bears 
ipon  the  circular  girders  Just  referred  to.  Eight  brick  pilasters 
:S0  ft.  high)  were  bunt  for  architectural  effect,  brick  arches  Joln- 
ng  the  tops  of  the  pilasters.  There  Is  a  steel  cornice  with  a  hand 
all  around  the  top.  A  light  scaffold  -was  built  inside  the  tank,  and 
case  oWTing  on  the  outside,  the  plates  being  raised  by  a  gin  pole. 
.  rorse  was  phiced  on  the  cage  and  rivets  were  driven  from  the 
■side.  After  the  Iron  work  was  in  place,  the  brick  casing  was  built 
•om   a   scaflotd. 
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The  work  wa«  done  by  contract  at  th*  tollowlnf  prices: 

Steel    IMED 

Brick   caalDS    t.gOT 

Foundalloa   <?K 

Total     |7,»36 

Brick  Cuing  Around  Stand  Pipe.— Mr.  W.  J.  Lafaie  Klvea  Ibe 
(oltontoB  data  relative  to  a  brick  cBHins  built  In  IBSS  around  an 
Iron  scandplpe  to  prevent  Ice  formation.  The  Iron  Btandplpe  li  li 
ft.  diam.  and  90  ft.  high.  It  resta  on  a  concrete  pedAStal  BI  (L 
lilgh,  T  ft.  of  which  la  below  ground  level.  This  pedestal  contaJni 
1,200  cu.  yds.  concrete.  The  top  of  the  ntandplpe  Is  14B  ft.  above 
ground  level.  The  masonry  casing  around  the  atandplpe  Is  1<:  fl 
high,  and  contains  l.ZTE  tons  of  broken  stone,  13  cars  of  cement. 
GOO.OOO  brick,  and  S.OOO  iba  of  Iron.  It  required  4S,OOI}  fL  E  IL 
□f  staging,  and  IS  men  ware  three  months  building  the  casing. 

Coat  of  a  Steel  Tank  and'  Tower,  Ames,  la — Mr.  A.  Mantoii 
gives  the  following  relative  to  162,000  gallon  water  tank  mounted 
on  a  steel  tower  110  ft.  high,  built  at  Ames,  la..  In  1S9T.  The  Red 
work  Is  H  fL  dtam.  x  40  ft.  high  (excluding  the  height  of  a  hemi- 
spherical bottom).  The  curved  roof  Is  of  galvanlied  Iron  on  a  Med 
frame  work.  The  tank  Is  supported  by  a  tower  composed  of  S 
!^bar  columns  (12  In.)  resting  on  8  concrete  pedestals.  Bach  ped- 
estal Is  10  ft.  square  at  the  base,  and  4  fL  BQuare  on  top,  capped 
wllh  stone  18  Ins.  thick.  The  height  of  each  pedestal  Is  T  (L  be- 
low the  atone  cap.  and  each  contains  nearly  19  cu.  yda  of  con- 
crete. The  contract  price  for  the  foundations  waa  |1,1S0.  Tlia 
contract  price  tor  the  steel  tank  and  tower  was  JB.S66,  maklnl  ' 
total  of  »10.11G. 

Cost  of  Steel  Tank  and  Tower,  Portervllls,  Calif.— Mr.  Pl.lllp  E. 
Harroun  gives  the  following  data  relative  to  a  To.OOO  gal.  tank  on 
a  towei'.  buJlt  In  1904  for  the  waterworks  at  Portervllle,  Calif. 

The  lank  Is  of  steel.  20  ft.  dIam.  x  25  ft.  high,  pistes  being  U 
to  5/16  In,,  and  has  u  heml-apherkal  bollom.  The  Cower  has  (our 
legs  108  ft,  long,  resting  on  concrete  pedeatala  The  foundnlion 
work  was  done  by  day  labor  al  20  eta.  per  hr.  The  lower  and 
tank   were   trecled   by   contract.      The  cost   Waa: 

16T    cu.    yda    escav.    at   Sl-X    cts. ^    lOl.IJ 

52  cu.  yilH.  backllll  at  12  "4  eta «.t< 

"     ■    idetl  and  Imuled  «  miles  at  20 '.^ :i.W 


H.S8).   nt  *7.<4    Sie.« 

65    cu.    ft.    granite   c-anslones    ;)1.K 

JS.Saa  Iba.  Ble<>l.  lower  and  tnnk.  In  pUico  at  0.068 6,1»1.M 

112  ft,  screw  pipe,  10  In.  riser SiS.Ij 

Miscellaneous    I'-il 

Total    tei«SB.!l 

Coat   of   Steel   Tank    and   Tower,    Fslrhaven,    Maaa.— An    elevaltd 
water  tank  waa  bulll  ut   ralrhiivL'n,  Muss,,  In  11193.      Its  capacity  1> 
383.000   gals,    and    Its  cost    wiis   tlO.OOO.      The   sLeel   tank   Is   35  ft 
dlitm.  X  50  ft.  high,  with  a  conical  bottom,  and  la  supported  by  H    : 
steel   posts.   9T  ft.  high,   surmounted   by  a  girder  3  ft.  high,  tola' 
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lU  tL  E:acli  poet  rrau  on  a.  maaonry  pedenal  SX9  tu  a.t  the  boM 
1X6  a  at  the  tap.  EH  ft  hl^  capped  with  a  4  X4  (t.  atone  IH 
(L  thick. 

CMt  Of  Steal  Tank  and  Tawar,  Provldsnca,  R.  I.— Mr.  F.  M.  Bon- 
maa  gives  the  following  relative  to  a,  steel  water  tnnk  and  tower 
buUi  In  1904  for  £aat  Ffovldence,  R.  1.  The  coat  vajs  a  tittle  lesa 
than  (100,000.  The  tower  la  135  ft.  high  from  t>aae  of  column  to 
tioM  of  tank :  the  steel  tajik  Is  SO  ft  CUam.  X  TO  ft.  hiBh,  and  holds 
l.ODO.QDO  gala.     The   foundations  are  of  concrete  resting  on  solid 

CMt  of  Scraping  and  Painting  a  Stand  Pipe.  —  Mr.  Byron  I. 
Cook  aays  that  It  Is  practice  to  acrape  and  paint  the  Interior  of  a 
nand  pipe  every  two  years.  An  old  flat  flle,  ground  to  a  chisel 
edge,  is  uaed  for  scraping,  and  It  costs  less  than  O.I  cE.  (1  mill) 
per  aquare  yard  for  scraping.  He  prefers  novices  to  regular  paint- 
en    The  cost  of  painting  with  two  coats  of  Durable  Hetal  Coating 

Paint    10.049  per  sq.  yd. 

labor 0.042  per  Bi|,  yd. 

Total    t0.09t  per  sq.  yd. 

'  The  outside  of  the  pipe  is  not  painted  oftener  than  once  In  dve 
years,  with  Dixon  graphite  paint. 

Weight  of  Woodan  Tank  ind  Steal  Tower.— A  steel  tower  80  It. 
high  and  supporting  a  wooden  water  tank  28  ft.  dlam.  x  22  ft.  high 
(lOn.OOO  gals)  weighed  100.000  lbs.  This  weight  of  steel  Includ- 
ed S5.O00  lbs.  of  steel  I  beams  (24  Ins.)  forming  part  of  the  plat- 
form on  which  the  tank  rested.  Brick  arches  between  these  1 
beams  formed  the  platform.  The  dead  load  was  as  follows ; 
Lba 

Tank    3  0,000 

Water     830,000 

Platform     (brlcli)      70,000 

Platform  steel  1   beams 25,000 

Tower    76,000 

Total     1,025,000 

Cost  ot  a  Wooden  Water  Tank,  l.a  Sails,  III.*— The  following 
SSures  of  cost  of  constructing  a  wooden  water  tank  are  given  by 
Ur.  C.  H.  NIcolet,  of  Ia  Salle,  111.  The  tank  was  built  to  replace 
&  tank  Ti-hlch  tailed  on  March  29,  1906,  tiecauBe  of  the  rusting  and 
Quratlng  of  the  Iron  l>andH  or  hoops.  This  otd  tank  was  30  ft  In 
llameter  and  24  XL  high,  and  was  mounted  on  a  circular  stone 
ower  77  ft.  high.  It  waa  built  of  Louisiana  red  gulf  cypress,  the 
itairs  and  bottom  being  3  Ina  thick  and  the  hoops  3/lG  x  6  Ins.  and 
14  X  8  Ina..  with  the  usual  spacing.  The  new  tank  was  of  the 
acne  dtmenslona  and  type,  but  with  changes  In  detaila  The  grade 
f  Ihe  lumber  waa  raised  by  limiting  the  amount  of  bright  sap  on 
ay  one  edge  to  1%  ln«.  This  change  Increased  the  cost  of  the 
'ood  work  about  11%.     The  most  Important  change,  however,  was 

^Enolneering-CmtracHns;,  Sept.  26,   1906. 
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In  ihe  style  o(  hanJ  uaeil.  Round  roils  Were  used.  Tlere 
hoops  or  1  Hi  In.  Olumeiei-  und  six  a.t  the  top  l  In 
of  mlia  steel.  They  were  apaceti  6  Ina,  apart  on  tenters  at  the  bot- 
tom and  varying  up  to  21  ins.  at  the  top.  The  liuops  were  made 
of  three  30-rt.  rods  with  a  short  MUlnK  piece,  this  being  the  llnill- 
ing  length  obtainable  [rom  stock.  Tlie  roils  were  bent  to  Uie 
proper  curve  before  being  placeii.  The  joints  were  ma.ie  by  mean! 
Of  malleable  iron  lugs  of  the  lype  commonly  used  In  built-up  stare 
pipe  in  tlie  West.  The  cost  of  the  tank  as  described  was  as  tul- 
Iowa: 

Materials ; 
Tank  complete  at  mil!    (wood  work  only)    "Tank  grade"..!    Saf-O" 
Added   Cor  raising;  graik-  of  lumber    i"."" 

Rods,    1%    In.    round l«,04fi  lbs. 

Rods,    1        in.    round 1 .7i4  llw. 

lI.TBUIba. 

Il.TSO  lbs,,  at  11.85   Chlciigo 21T.35 

Luss.  118— 1M.-In.  at  43',-jc Ml.JS 

Lugs,      21—  1-ln.   n[    3«c S.«4 

Machinists  and  helpers — threading  and  bending  rods,  grind- 
ing lugs,  etc,   311  hours t     (5,01 

Carpenters  and  helptrs,   removing  debris   of  old    tank  and 

erecting  new  lank  and  roof*  also  painting.  9CT  hours. . , .       IM.M 

Liaborers— .mainly   removing  debris   of  old   tank ItM 

Total   labor    f    m.W 

Grand  total   11,316.3 J 

It  will  be  noticed  that  the  labor  of  putting  on  the  roof  Is  In- 
cluded above,  hut  not  the  material.  This  constated  o(  a  Hat  t-ovrr 
made  of  1%  In.  tongued  and  grooved  plank  resting  on  2  X  12  In. 
Joists  tops  flush  with  top  of  tank,  supported  on  two  crurks  with 
cups,   and   two    6X6    in.   posts,  each  set   on  tank   bottom. 

Coat  of  Concrete  Standplpes.*— Mr.  George  H.  Snell,  Mr.  Frank  A- 
Barbour,  and  Mr.  Leonard  C.  Wason  give  the  following  da-.,i  rel^lli"e 
lo  u  reinforced  concrete  atandplpe  built  In  1901  at  AUleborougb. 
Mass.  The  slandpipe  is  50  ft,  dlam,  "t  100  It.  high,  and  holds  1,500.- 
OOO  gals.  The  rsperlence.  gained  with  a  former  stanilplpe  of  iron 
Indicated  that  a  steel  pipe  would  have  .T  life  of  only  20  ye.irs,  becau" 
the  water  contained  carbon  dlonlde  (CO^).  Two  tons  of  rust 
had  been  removed  annually  from  a  wrought-lron  standplpe  3" 
ft.  In  dinm,  x  125  ft,  high.  The  hid  on  a  steel  et.indpipe,  ji> 
fL  X  100  ft,  was  »37,13B.  The  bid  of  tha  Abertliaw  Construclinn 
Co.  on  the  reinforced  concrete  standplpe  and  gate  house  was  134.0011, 
which  was  accepted. 

The  concrete  wall  Is  IS  Ins.  Chick  at  the  bottom  and  8  Ins.  thick 
at  Ihe  top.  The  iMjIlom  la  of  concrete  1  ft.  thick,  and  the  concrete 
foundation.  IS  Ins,  thick,  rests  on  hardpan  T  ft  below  the  ground 
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level.  The  concrete  founitatlon  is  of  1 :  3 :  G  concrete.  The  walls  are 
<if  1;2:4  concrete,  reinforced  with  round  steel  rods  (0.10  carbon). 
Rods  of  milder  BCeel  would  hHVe  been  beller,  lor  It  waa  dltfluult  to 
bend  them  so  that  they  would  hold  their  ahtipe,  on  account  o(  their 
■prlnglDesB.  Twisted  steel  rods  could  not  be  bent  In  true  planes 
and  had  to  t»e  abandoned.  The  rods  were  pulled  Ihrousb  a  tire 
bender  around  a  curved  tonn  by  a  steam  enelne.  The  rods  were  In 
iiVi-tl.  lenKthH,  and  were  spliced  by  overlapping  30  Ins..  using  three 
Crosby  guy-rope  clips  without  which  it  would  have  been  very 
dUUcuit  to  secure  a  satisfactory  splice.  It  was  at  first  attempted 
to  support  these  hoops,  or  rings,  with  vertical  rods  of  twisted  steel, 
but.  due  to  lack  of  rigidity  of  these  rods.  4-ln.  channels  were  sub- 
etltuted.  spaced  11  ft.  apart.  It  would  have  been  better  hod  the 
channels  been  closer.  Holes  were  punched  through  the  Itanges  of 
(he  channels  at  proper  intervals,  and  Vi-ia.  pins  Inserted  to  sup- 
.  port  the  hoops  or  rings  as  In  Fig.  21.  L'p  to  a.  helelit  of  60  t\.. 
there  were  two  rings  of  IVi-In.  bars  spaced  3%  to  S  Ins.  vertically. 
There  were  2%  Ina  of  concrete  outside  of  the  outer  ring,  and  4  Ins. 
between  the  two  ringa.     Prom  60  to  SI  ft.  tliere  was  but  one  ring. 


spaced  as  shown  in   Fig.   22.     Above  81   (I.   the  illametcr  wuf 

The  labor  of  bending  and  placine  the  steel  actually  I'ost  *» 
ton,  or  0,46  cL  per  lb.     The  Crosby  clips  cost  37  cts.  «ich. 
The  cost  of  the  \:Z:i  concrete  In  the  Wiills  wns  as  follows 
Per  cu.  yd. 
Cement ?  4. SO 


Placing  concrete    2.20 

Forma,    labor    and    lumber 2.«5 

480  lbs.   steel,   assumed  ;it  2  cts. fi.60 

Bendlnic  and   placln«    ISO    lbs.,   at    0.4i 2.16 

4  Crosby  clips,  at  0.37 1-48 

Total     S27.19 

There  are  770  cU.  yds.  In  the  walls,  which,  at  $27.19.  givi' 
actual  cost  ot  $30.93S.  This  does  not  include  the  coat  of  plasti 
and    waterprooflng. 
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Concrete  Siandplpe. 


WATER-WORKS. 

There  are  nearly  90  cu.  yda.  In  the  Ooor,  which  a 
(be  TID  cu.   yds.  above  Blven.     There  are  about   230  cu.  ydj.   of 
1:3:6  concrete  In  the  foundation. 

The  Btsn^lpe  has  an  ornamental  ooBcrete  cornice  and  a  doow- 
■haped  roof  of  Quastavlna  tile. 

X  timber  bnrer  60  ft.  high  was  erected  Indde  the  Btandpipe  and 
a  derrick  with  a  40-ft.  boom  was  mounted  on  the  tower,  the  derrick 
belnK  operated  by  an  enslne  on  the  Kround.  When  the  standplpe 
had  reached  a.  height  of  SO  ft.,  the  height  of  the  tower  wae  in- 
crenaed  to  110  fL  and  the  derrick  raised.  The  coet  of  this  tower 
and  of  raisins  the  derrick  waa  tl,TOO,  which  is  eQUivalent  to  (2.20 
per  cu.  yd.  This  is  charged  a^Rlnst  the  Item  of  forme  and  of 
placing  concrete. 

The  plant  Included  a  Sturtevant  roll  Jaw  cruaher,  bucket  elevator 
and  rotary  acreen,  and  a  Smith  mixer. 

The  floor  and  a  section  of  wall  2  ^  f L  high  were  molded  In  one 
oireratloQ.  after  which  the  wall  was  built  up  in  sectlona  T^  fL 
high.  The  reinforcing  wae  flrst  built  up  to  a  height  of  TH  fL  and 
(hen  the  forms  were  placed.  The  fonns  were  made  In  sections  11  fL 
long.  The  lagging  of  the  outside  forms  was  iraards  nailed  vertically 
to  wooden  ribs.  The  lagging  of  the  Inside  forms  was  boards  placed, 
one  at  a  time,  horizontally,  as  the  wall  was  built  up,  eo  that  the 
concrete  was  always  easily  accessible.  The  sections  of  forma  were 
locked  together  by  Iron  clampa  Two  sets  of  forms  were  used,  so 
that  one  set  was  left  In  place  while  the  other  was  being  raised  and 
made  ready  to  receive  the  concrete.  The  batter  of  the  oulslde  of 
the  tank  Increased  the  dlfllculty  of  the  work,  for  they  had  <o  be 
adjusted  from  time  to  time  to  provide  tor  the  decreasing  circum- 
ference. It  Is  questionable  whether  Che  coat  of  this  adjusting 
did  not  exceed  the  saving  of  concrete  effected  by  the  uae  of  a 
batter. 

Fig.  23  shows  the  timber  tower  and  the  atandpipe  partly  buUL 

Fig.   22   shows  the  design  of  the  standplpe. 

Since  the  wall  was  built  In  sections  7Vj  ft.  high,  great  care  was 
taken  to  secure  a  perfect  joint  between  the  sections.  At  the  lop 
of  each  concrete  section  a  groove  was  formed  by  a  3  x  3-ln.  strip  of 
beveled  wood.  When  this  was  removed,  the  lop  surface  was  well 
scrubbed  with  water  and  coated  with  neat  cement.  This  Joint 
proved  very  effective.  The  operation  of  placing  steel  and  raising 
forms  for  a  new  section  took  three  days,  so  that  the  concrete  sur- 
face was  quite  hard  when  concreting  was  resumed. 

The  concrete  was  dumped  on  plstforms  on  the  tower  and  shoveled 
into  the  forms.  Care  was  taken  not  to  make  the  concrete  so  wet 
that  spading  and  ramming  would  drive  the  stone  to  the  bottom  and 
leave  porous  spota  The  raliture  must  not  be  more  wet  than  will 
enable  the  mortar  to  support  the  broken  atone.  Atlas  Portland 
cement  was  used  throughout. 

After  the  wall  had  reached  a  height  of  20  fL,  the  tank  was  tilled 
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with  water,  and  It  was  kept  tilled,  as  the  work  prosreased,  to  Hie 
elevation  of  the  Ijollora  of  the  lowest  set  of  forms.  ConBlderaUe 
leakage  developed  at  Hrst.  l>ut  this  grBdimlly  grew  in  sign  ifl  cant. 
nllhouKh  the  waterproof  (.■out  had  not  yet  been  placed.  At  no  time 
waa  more  than  I  to  2  per  cent  of  the  exterior  surface  wet  by  leak- 
age. During  iho  winter  some  of  the  concrete  acaled  oft  neur  the 
bottom  on  the  outside,  apparently  due  to  cavities  outside  the  steel 
reinforcement,   probably   ouused  by  a  slight   moving  of  tiie  forms 


Fig.  23. — Erecting  Concrete  Standplpe. 

when  the  cone rele  wna  being  plnced.  Ropnlra  were  made  by  digging 
ui'oiind  tlio  outside  rows  of  steel  reinforcement,  putting  on  Iron 
tlips  (%!i%  in.)  of  iron  bolted  through,  and  then  forcing  cement 
Into  the  cavitlos  around  the  clips  by  throwing  It  a  distance  of  4  ft. 
against  the  wall.  Expanded  metal  was  then  fastened  to  the  clips. 
and  covered  with  cement  plaster,  and  then  more  expanded  metal 
wna  put  on  over  this  and  plastered. 

The  inside  of  the  tank  wiis  plastered  after  roughening  the  sur- 
face of  Che  concrete  with  a  pick.     The  plastering  seemed  to  have 
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little  effect  in  abeolntely  stopping  the  leakage.  The  lower  16  Tt. 
were  subsequently  given  i  more  coals  o(  plaster  without  entirely 
stopping  leakage.  Finally  tbe  surface  was  treated  by- the  Sylvester 
process,  as  follows : 

Thoroughly  dissolve  %  lb.  pure  Castile  olive  oil  soap  to  each  gal- 
lon of  water.  Thoroughly  dissolve  1  lb.  of  pure  alum  In  8  gals  of 
water.  Thoroughly  clean  the  wall  and  dry  II.  Apply  the  soap  BOlu- 
tlon  boiling  hot,  with  a  flat  hrusli,  taking  care  not  to  form  a  froth. 
Walt  21  hours  so  that  the  solullon  will  become  dry  and  hard  upon 
the  walls,  then  apply  the  alum  solution  In  Ibe  same  way,  at  a  tem- 
perature of  SO  to  70°  P.  Walt  H  hours,  and  repeat  with  alternate 
coats  of  soap  and  alum. 

In  IBTO  this  process  was  used  micceSBfulIy  to  waterproof  brick 
wRlls  on  tbe  Craton  reservoir,  i  coals  of  each  solution  being  sutfl- 
clent ;  I  lb.  of  soap  covered  37  sq.  ft.,  end  1  lb.  of  alum  cov- 
ered 96  sq.  ft,  ' 

After  applying  four  coatB  of  each  solulion  to  the  concrete  stand- 
pipe,  up  to  a  height  of  35  ft.,  water  was  ndmllted  to  a  height  of 
100  fC,  and  only  four  leaks  developed.  Then  four  more  coats  were 
applied  to  this  3G-ft.  section,  and  above  that  only  four  coats  were 

It  was  found,  by  tests  at  t 
Crosby  clips  developed  the  full 
in  forcing  rods. 

The  design  of  this  tank  and  further  details  are  given  In  "Concrete 
Construction"  by  Olllette  and  HIII. 

Materials  In  a  Reinforced  Concrete  Stand  Pipe.— Mr.  J.  L.  H, 
Barr  gives  the  following  relative  to  an  Sl-ft.  staniiplpe  of  reinforced 
concrete  built  In  1903  at  Mllford,  Ohio. 

The  outside  diameter  Is  15H  ft.  The  ahpll  Is  »  Ins.  thick  for  the 
lower  30  fU,  7  Ins  thick  for  the  next  26  ft.,  and  5  ina  thick  tor  the 
remaining  2t  ft.  The  concrete  foundation  la  octagonal,  20  (t,  diam- 
eter of  inscribed  circle,  and  6  ft.  thick.  The  shell  Is  made  of  1 :  3 
mortar   (no  stone)   reinforced  with  I  x  1 1  ',t-ln.  T  bars.     The  ver- 

the  toot  for  the  lower  3D  It.,  S  to  the  foot  for  the  next  26  ft,  and 
4  to  the  foot  for  the  remaining  i6  fu 

The  forms  were  3-ft.  staves  (1%  x3  Ins.)  nailed  to  circular  ribs 
(4x4  ln.>,  the  topmast  rib  extending  1  In.  alKne  the  tops  of  the 
staves  BO  as  to  form  a  rabbit  to  receive  (he  next  form.  Three  sets 
of  forms  were  used,  each  3  ft.  high.  Bach  set  consisted  of  an  Inner 
and  an  outer  form,  each  divided  Into  8  segments  for  ease  of 
handling.     This  standplpe  required  : 

68  cu.  yd&  gravel  containing  IQiX  sand  (tor  base). 
90  cu.  yds.  sand  (for  shell). 
270  bbla  cement. 
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The  amount  ot  Eravel  for  the  base  or  foundatfon  appaara  to  be 
approximately  correct,  alnca  It  would  be  about  TO  cu.  ;da  of  con- 
crete :  but  the  amount  at  sand  appears  to  be  overeetlmated.  a*  the 
shell  would  contain  but  60  cu.  yds.  Tbe  base  Inside  the  shell  waa 
covered  with  1  r  3  mortar  C  Ina  deep,  which  would  require  about  3 

It  Ib  stated  that  the  contract  price  for  this  standplpe  was  flOD 
less  than  the  lowest  bid  for  a  steel  standplpe. 

Cost  of  12-ln.  Well,  Portersvllle,  Calif.— Mr.  Philip  E.  Hamun 
gives  the  following  cost  of  12-ln.  well.  216  ft  deep,  driven  In  ISDt 
at  Porteravllle,  Cal.  The  material  penetrated  was  clay.  The  con- 
tract price  for  drilling  the  well  and  driving  the  casing  was  %i  per 
lln.  ft  The  well  had  a  double  casing,  the  Inner  'casing  being  No.  14 
gage,  and  the  outer  being  No.  IE  gage.  In  2-ft.  lengths.  The  casing 
cOBt  |1  per  ft.  thus  making  the  total  cost  |3  per  ft  Various  lacl- 
dentats  added  $50  to  the  cost  of  the  well. 

Relative  Coat  of  Waterworks  and  of  Filters.— When  It  U  gener- 
ally known  that  It  costs  about  |100  to  produce  a  million  gallons  Of 
water  In  the  average  city,  and  less  than  |10  to  purify  It  by  titra- 
tion— Including  plant  Interest  and  depreciation  In  both  cases — there 
Is  certain  to  be  far  less  hesitancy  ahout  Incurring  the  expense  of 
providing  Alter  plants.  Somehow  the  Impression  prevails  that  pump- 
ing water  and  delivering  It  through  pipes  Is  very  cheap,  and  that 
flllering  Is  exceedingly  expensive,  whereas  It  costs  ten  times  as 
much  to  supply  water  as  it  does  to  Alter  it  under  ordinary  condi- 
tions. The  expensive  system  of  piping  that  underlies  the  streets 
of  a  city  costs  about  $350  per  capita  of  population,  whereas  a  slow 
sand  niter  plant  capable  of  supplying  100  gala  per  capita  per  day 
costs  only  |3.50  per  capita,  and  a  mechanical  fliter  plant  costs  less 
than  12.70  per  capita.  In  other  words,  by  an  expenditure  of  about 
1%  more  than  the  first  cost  of  a  piping  and  pumping  system  for  a 
city  ot  less  than  100, 000  population  a  fliter  plant  can  be  added  to 
the  existing  water  supply  system. 

It  Is  true  that  the  cojit  of  operating  a  fliter  plant  Is  not  corre- 
spondingly small,  but  It  Is  a  relatively  small  Item  nevertheless.  As 
will  be  seen  from  the  data  subsequently  given,  the  principal  cost 
of  operating  a  sand  fitter  Is  the  scraping  and  cleaning  the  sand, 
and  replacing  It  on  the  ilUer  bed.  Year  by  year.  Improved  methods 
have  been  develop..  lor  washing  and  handling  the  sand,  and  the 
end  of  this  development  la  by  no  means  reached  yet. 

Cost  of  Firtsr  and  Firterlng,  AshUnd,  WIS.— Mr.  William  Wheeler 
gives  the  following  relative  to  a  slow  sand  filter  built  In  1S9E  at 
Ashland,  Wis.  This  was  the  flrst  sand  Alter  plant  In  America  to  be 
covered  with  masonry.  The  3  fliter  beds  have  an  area  of  rt  acre. 
They  are  so  located  on  the  lake  shore  that  It  was  necesKuy   to 
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build  a  pile  bulkhead  around  three  aldea  of  the  alter  beds.  The 
walla  are  of  concrete  and  brick,  3  ft.  thick  at  the  bottom  and  2  ft. 
at  the  top.  The  beda  are  roofed  with  srolned  elliptical  brick 
arches  ili%  ft.  span),  reating  on  brick  plltari,  and  bached  with 
concrete.  Two  courees  of  brick  laid  flat  form  the  arch  rings  (6 
Ina  thick).  The  floor  la  of  concrete  only  3  laa  thick.  It  la  below 
the  lake  level,  which  neceaaltated  btilldlns  a  cofferdam  during  con- 
struction. The  Band  beds  are  4  ft.  thick  resting  on  B  ina  of 
gmveL  The  work  of  conetructlon  was  entirely  by  day  labor.  The 
coet  was  as  follows : 

470  lln.  ft  cofferdam   (not  with  earth  fllllDg) |  1,720 

Handling    water 4SS 

8,941     cu.  yds.  earth  excavation 3,23S 

340,400  bricks,  laid   in  walls »,S37 

45,000  bricks,    laid  In  piers S27 

J1B.B60  brlekB,    laid    in    root  arches 6,T66 

" tor  roof  arclies  (labor  and  materials) 1,15" 

721 

!nt  chamber  and  sump  well tJi 

_  _   .  jllecting  pipes,  laid 118 

Cast-iron   collecting  pipes,  laid 639 

Cast-iron    supplying    pipes,    laid T35 

Pipe,  pipe  connections,  pump,  etc.. 72» 

8S0  cu.   yda  gravel  in  filler  beds 1,913 

3,388   cu.  yds.  sand  In  Alter  bede 4.201 

Sundries     2.2SS 

Blngliieerlng  and  superintendence l.SOU 

Total     I40.17B 

Thla  is  equivalent  to  about  180,000  per  acre,  but,  had  It  not  been 
for  the  difficult  conditions  and  winter  work,  the  cost  would  li.ive 
been  tS.OOO  less,  or  (70,000  per  acre,  Including  pump  well,  sump 
well,  efiluent  chamber,  piping  and  housing.  A  further  reduction  of 
10  to  18  per  cent  In  cost  could  be  effected  where  building  stone  and 
suitable  sand  and  gravel  were  near  at  hand. 

Thla  plant  filtered  1,100.000  gals  per  day,  or  at  the  rate  of 
2,200,000  gala  per  acre  per  day.  It  required  10  scrapings  of  sand 
per  year,  removing  810  cu.  yds.  of  sand,  which  was  equivalent  to 
1.52  cu.  yds.  of  sand  scraped  per  million  gallons.  The  cost  of  this 
scraping  was  62  eta  per  million  gallona.  or  40  clS.  per  cu.  yd,  ot 
sand,  the  cost  of  scraping  a  bed  of  one-alxth  acre  being  as  follows: 

S   men  scraping,    %   day,   at   il.50 J2.26 

2   men  wheeling  In  Alter,   H,  day.  at  (1.50 l.BO 

1  man  tending  bucket  at  bottom,    H  day,  at  fl.50 0.75 

2  men  load  and  dump  at  bottom,    %   day.  at  tl.50 1.50 

1   man  wheeling  away  at  top 0.75 

1   single   team   to  hoist   bucket 2.50 

Tools  and  sundries 0.50 

Total   for  1/8  acre 8.50 

There  were  21  cu.  yda  of  sand  (plus  the  mud)  removed  at  each 
cleaning  of  a  bed,  making  'he  cost  40  cts.  per  cu.  yd.  The  dirty 
sand  was  not  washed,  but  new,  clean  aand  was  delivered  by  contruct 
and  placed  for  tl  per  cu.  yd.  Hence  the  cost  ot  scraping  sand  and 
of  replacing  with  new  sand  cost  (1.40  per  cu.  yd.  ot  sand  scraped, 
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or  tS.13  per  mlllloii  sallona  Adding  13  cts.  to  tUs  tor  tuperln- 
tendance,  etc.  the  total  cost  o(  altering  wub  t2.2e  per  million  ku1«. 
At  6  per  cent  Interest  on  the  flrat  cost  of  the  plant,  the  capital 
cliargea  are  ta.Ui.  per  million  gallons,  making  a  total  of  17.31  per 
million  gallons. 

Cost  of  Filter,  B«rwyn,  Pa.— Mr.  J.  W.  Ledoux  gives  the  fol- 
lowing dnta  relative  lu  it  Hmall  ihi  acre)  band  Alter  plant  built  In 
1898  at  Berwj-n,  Pa.  It  has  a  nominal  llUerlng  capacity  of  l.EOO,' 
000  gals,  per  day.  The  tllterB  are  built  In  3  compartmentB  (not 
roofed)  oacli  having  T,5UU  sq.  ft.  effective  Altering  area,  or  about 
86  (t.  Biiuare.  A  vertical  section  through  the  filter  tieda  shows  3D 
ins.  Of  sand,  6  Ins.  of  gravel,  S  Ins.  of  concrete  fioor  and  8  Ina  ot 
puddle.  The  main  drains  are  12-ln.  vlt.  sewer  pipe ;  the  laterals  are 
4-ln.  tile,  spaced  fi  ft.  apart,  set  In  depressions  In  the  concrete.  The 
side  walls  are  of  rubble,  outside  of  which  ts  the  embankment.  The 
cOHt.  including  a  tZ.OOO  gate  house  and  accessories,  wa«  as  follows: 

6.TT:l  cu.  yds.  excavation,  at  10.241 t  l.CSO.BO 

eZ8.3  cu.  yda  stone  masonry,  filter  basin,  at  t&-G11 2,921.31 

2.4  cu.  yds.  brick  masonry,  filter  basin,  at  (9.18 21-91* 

304.5  cu.  yds.  concrete,  filter  basin,  at  (G.ISS 

S,432  sq.  yds.  plastering  and  forming  gutters,  at  10.243... 

8,800  lln.  ft.   4-ln.  llle  drain.  In  place,  at  to.085 

24S  lln.  ft  12-ln.  coUccIlog  drain,  at  10.054 

286  Un.  ft  t2-ln.  cleun-out  drain,  at  tl.l9g 

281  Un.  ft  12-ln.  cast-iron  Inlet  and  outlft  pipes,  at  fl.ETl 

200  lln.  ft   14-in.   cast-iron   niter  discharge,  at  (2.192 

G42  cu.  yds.  puddle,  at  t0.709 

«5B.55  tons  gravel  In  filter  bottom,  at  (2.115 : 

2.69E.83  tone  sand  In  Hller  bottom,  at  1 1.639 ' 

9T.£  cu.  yds.  stone  masonry,  gate  house,  at  tT.234 

10.75  cu.  yds.  brick  masonry,  gate  house,  at  t7.38 

l:!5.n   cu.   yds.   excavation   and   back   fill,   gate   house,  at 

»0.9S5     

Roofing  (slate),  woodwork  and  painting,  gate  house 

9.ES4  lbs.  flange  pipe  (l2-in.).  gaskets,  etc..  at  fO.031 

Registering    and    weir    apparatus 

Valves  (0  to  12-ln.),  with  boxes  and  band  wheels 

Superintendence   and  engineering 

Incidentals  

Total     : 1 18.S35.S9 

Since  the  lUter  bed  has  a  total  area  of  22,600  aq.  ft,  the  coat  was 
about  82  cts.  per  sq.  ft  (Including  coat  of  the  gate  bouse),  or 
135,700  per  acre.  This  cost  is  equivalent  to  tl2,OO0  per  mlllloD 
gallons  of  dally  capacity.  The  "superintendence  and  engineering" 
was  4  per  cent  o(  the  total  cost 

Cost  of  Filter,  Nyack.  N.  Y.—Mr.  Q.  N.  Houston  gives  the  fol- 
lowing relative  to  a  slow  sand  filter  plant  built  In  1899  at  Nyack,  N. 
T.  The  filter  beds  are  not  roofed.  There  are  two  bods  74  x  US  ft 
earli.  having  a  combined  filtering  area  ot  0.38  acre.  The  roaxlmum 
consumption  of  water  at  Nyack  was  030.000  gala  per  day,  which 
would  require  a  filtering  cnpnclly  of  3,300,000  gala  per  acre  per 
day,  If  only  one  bed  were  used,  but,  In  practice,  both  beds  are  used 
except  when  one  is  being  cleaned.  The  raw  water  Is  drawn  by 
gravity  from   a   nearby  creek.     The  filter   Is  located  In  a  swamp. 
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adjacent  lo  inc  uicvh.  wtilL-b  iiuila  ILs  L'unstrucUon  expensive.  In 
order  to  deliver  the  i^reek  water  by  griLVity  to  the  filter.  It  wus  nec- 
eamry  to  excavate  for  the  filter  beds  to  a  depth  of  10  It.  The  ma- 
Eerlal  was  a  wet  tenacious  clAy  whose  banks  would  crack  and  slip, 
w  (hat  it  was  necessary  to  support  the  side  walls  on  piles.  The 
clay  nas  spaded  out  in  chunks  that  were  lifted  by  hand  Into  wagons. 
Temporary  plank  roads  had  to  be  laid.  Sheet  piles  were  driven  all 
around  the  filter  beds  and  left  In  place.  Bents  of  bearlns  piles 
*ere  driven  underneath  the  retaining  walls,  capped  and  floored 
nltb  plank.  On  this  pile' foundation,  which  cost  |3  per  lin,  ft.  ol 
nail,  nas  built  a  small  concreted  retaining  wall  lor  a  height  of  3  tl. 
i  Ina..  the  top  of  this  wall  being  about  the  same  elevation  as  the  top 
lit  the  sand  In  the  Alter  bed.  The  earth  slope  above  the  retaining 
■all  was  paved  with  8  Ins.  of  concrete  and  vltrllled  brick  for  a 
lenKtl]  ol  about  6  ft.  measured  up  the  m  to  1  slope.  The  division 
waU  was  also  supported  on  a.  pile  foundation,  and  was  of  concrete 
up  to  the  level  of  the  surface  of  the  filter  sand,  and  above  that  It 
wae  of  vltrtOed  brick  2  ft.  thick.  The  work  was  done  by  contract 
at  the  following  cost  to  the  vIUaKe: 

!•  ft.  deep  and  about  T.OOO  cu.  yds.) |  e,2T0 


(low  fi 
d    soil  In, 


Sheet  plies.    «E,000    ft.    B.   M..   at   ISO 3,300 

Bearing    piles,    352,    at    t4.t2 l.seS 

Hemlock   caps   and    floor 838 

Tellow  pine  caps  and  floor 4S& 

Concrete  floor.   lOU  Ins,   thick   (ll.SO  per  sq.  yd.> 3,738 

Concrete  walls,   *30  cu.  yds.  at   (4.40 1.892 

Coni-rete    slope    paving 484 

BrJck  slope  paving,    13. 4E   cu.    yds,,  at    (3.40 113 

eiue-atone    curb    2&0 

Vitrified  pipe  drains    (about    1.400    lin.    ft.    of   6-ln.    and    230 


Orovel  (12  Ins.)  and  sand  (36  Ins.).  2.G70  cu.  yds,,  at  (S.IS. 
u regulating   [■--  —  ■-  — 


t.  of   15-li 
ivel  ('~  ■ 

Wscellancous    S60 

Total     124,737 

Engineering   (13.044)   and  Inspection    ((713) 4,3ET 

Total.    0.38   acres,    at    (76,553 (2».094 

This  Is  an  unusually  high  cost,  due  to  the  conditions  above  given, 
and  to  the  fact  that  the  work  was  dragged  along,  which  made  the 
expense  of  engineering  and  Inspection  high.  The  price  of  niter 
Kravel  and  Band  was  high,  as  It  was  brought  by  acow  from  Ldng 
Island. 

The  above  costs  Include  a  clear  water  well  36  ft.  In  diameter. 
with  side  walla  12  ft  high,  and  a  dome-shaped  root  of  concrete. 

The  plank  "floor"  Includes  not  only  the  floor  laid  on  the  bearing 
piles,  but  a.  1-ln.  hemlock  floor  laid  over  the  entire  bottom  of  the 
alter  bed  on  which  the  concrete  was  placed. 

Cort  of  Filter  and  Filterlno,  Superior,  Wis.— Mr.  R.  D.  Chase 
gives  the  following  data  relative  to  a  sand  filter  and  aeration  plant 
built  In  1899  for  Superior.  Wis.,  to  remove  the  Iron  from  water  from 
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driven  wells.  There  are  3  Alter  beds,  each  87  it  108  ft.,  and  with 
these  In  operation  there  Is  0.6  acre  filtering  area,  with  a.  capocity 
of  5,000,000  gals,  dally,  or  10.000,000  gals,  per  acre  per  day.  ThU 
rapid   rate  of   filtration   la  Justified   because   there   Is  no   mud   or 


The  pure  water  reservoir  Is  39  x  lOg  ft  The  floor,  ddes  and  root 
are  of  concrete,  the  piers  supporting  the  roof  being  of  brick  20  Ins. 
square  and  12  ft.  high.  The  floor  Is  of  Inverted  groined  arches,  and 
the  n>of  Is  ot  grained  arches,  12  ft.  span  and  ZK  ft.  rise.  S  Ins. 
thick  at  the  crown.    The  roof  Is  covered  with  2  ft.  of  earth. 

The  excavation  was  red  clay,  expensive  to  ban-He,  the  actual  cost 
being  65  cts.  per  cu.  yd. 

Each  niter  bed  ha«  20  manholes,  3  ft.  dlam.,  i  It  blgh,  of  concrete 
S  Ins.  thick,  with  double  covers  of  steel  plates. 

The  outside  walls  of  the  filter  bads  are  3^  ft  thick  at  the  top, 
and  a%  ft  thick  at  the  base. 

The  conWruction  of  the  pure  water  reservoir  la  similar  to  that  of 
the  Alters,  and  the  reservoir  has  a  capacity  of  300.000  gals. 

The  main  underdrains  are  20-1n.  tile,  laid  In  concrete  beneath  the 
Door.  The  lateral  drains  are  of  6-ln.  tile.  12  ft  apart  The  gravel 
was  dredged  from  the  lake.  Under  normal  conditions  4  ft  of  wat«r 
is  kept  on  top  of  the  sand. 

The  oulBlde  dimensions  of  the  3  filter  beds  and  the  pure  water 
reservoir,  all  under  one  roof,  are  118  ft  »  2SB  ft 

The  construction  was  done  by  day  labor,  working  under  a  con- 
tractor who  was  paid  a  percentage  for  supervision.  lAbonn  were 
Inefflclent,  yet  received  (2  a  day.    The  actual  cost  was  as  follows: 

Filters  and  pure  water  reservoirs: 

14,000  cu.   yds.  excavation,  at  I0.55+. »  T.M" 

2UU0  cu,  yda  backfill  (roof,  etc),  at  (0.30+.... «« 

3.000  cu,   yds.   concrete,  at  t7.85+ Z».|JJ 

f Jo^'ou'l^dt' hlickwirk." at Vio-oi: v-.::.\v.-.vv.:.v.v. : :  i:|o» 
"^800  ^JTydi'  fliwr  gmvei;  'in  piic;,-  aV  fVoB ;:::::::::;:::  im 

1.0(10  cu.  yds.  filler  gravel.  In  pliice.  at  SS.04 *.»" 

sno  cu.  yda  Biter  gravel.  In  place,  at  J0.97 i  JJ 

Aerator o  j^g 

Mlwel  aneous  charges  ■  ■  -  ■ ■ %mt 

Engineering  and  percentage  to  contractor »■"• 

,      T.W  ;:::::;:::;:::;::''!S 

Land     ..,...,  ,.,....--.■-■''»■''-' '' .*.,  .j^ 

Iron  pipe,   pump,  pump  house,  etc. /''-°"' 

Grand   total    I8MS4 

area  was  iiK  i^  ioo  =  li».6»0  sq.  (t   (0.68  acre), 

^  __^^^ jai  have  averaged  about  13  ft  deep. 

n'will' b'e'uotcrt  that  the  filter  gravel  was  exceedingly  expensli-e, 
was  most  of  the  Alter  sand.  The  saod  for  one  bed,  however. 
IS  obtained  without  dredging  and  at  ft  cost  ol  only  97  cts.  p«t 
.  yd. 
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The  coat  o(  cleaalns  a  filter  bed  la  as  (ollowa: 

I  men  scraping,'!  hra.,  at  2D  eta. t  S-00 

1  tetun  holstlns,  I  hrs.,  at  40  eta. CSV 

i  men  holatlnB,   2  hrs..  at   20  cts. 2.00 

i  men  DUoathliiK.  2  hre..  at  20  cla. 2.00 

Total,  labor.  10  cu.  yds.,  at  (0.18 t  IM 

Id  cu.  yds.  new  sand  to  b«  replaced,  at  tl 10.00 

Grand  total.  10  cu.  yds.,  at  $1.T8 SIT. 80 

About  12,000,000  gal*,  are  filtered  through  each  bed  (0,S5  acre) 
between  scrapings,  bo  that  0.83  cu.  yd.  of  icnd  U  tcraped  per  mil- 
lion gBllons.  and  the  cost  per  million  gallonB  Is: 

Labor  scraping  and  removing  Band fO.SS 

Clean  Kind  replaced 0.83 

Total     11.48 

The  dirty  aaad  la  hoisted  In  tuga  br  a  team,  a  tripod  with  a  block 

and    tackle    being    placed    temporarily    over    each    manhole    during 
bal«tlng 

Cost  of  Filter  and  Filtering,  Washington,  D.  C— Mr.  Allen  Haien 
and  Ur.  E.  D,  Hardy  give  the  follavlng  data: 

This  la  a  slow  sand  nitration  plant  treating  70.000.000  gals,  dally, 
and  Its  cost  was  t3,3Sa,aoO  (Including  f«19.300  for  land),  or  M1.BE0 
per  million  gallons  dally  capacity.  Assuming  Interest  and  depracl- 
allan  at  G  per  cent  per  annum,  the  capital  charge  Is  $7  per  mtlllon 
gallons,  for  an  average  ot  67,000,000  gala,  per  day,  and  the  operat- 
ing expense  ts  about  12  per  million  gallons,  making  a  total  ot  }9 
per  million   gallons  filtered. 

The  eummarlied  cost  of  the  plant  Is  as  follows: 

Pumping  nation,  etc t    1S3,SOO 

2»  filters,    29  acres,   at   »T5,7BB 2,197.000 

nitered  water  reservoir 150.0U0 

tiower  gate  house  and  pipe  line 24.3AU 

Land    Sn.nOO 

Engineering  and  clerical   lSl.500 

Total,   29  acrea,  at   tllB,7SS t.l.SSfl.JOO 

Total,  exclusive  of  land 2,7!6,A0O 

The  detail  cost  was  as  follows: 
Pumping  Station: 

Intake,  with  gates  and  building t  11,500 

Venturl  meters,   72-ln.  and  B4-1ii 6,000 

Electric   llghling,    engines,   etc 7,000 

Pour   200-hp.   bollera,  In  place 14,800 

™ir  Honey  stokers 4,100 

Two  Qreen  fuel  economliera.   In  plac- 5,100 

Three  3S-in.  centrifugal  pumps  and  engines 42,000 

Two   aand-washer  pumpa 8,100 

Plphig,    valves,   etc. 13,100 

Odal,  oil  and  running  tests 3,500 

Traveling  crane  1.600 

Chimney    (with   foundation) 6.800 

Building    (with   foundation   and   well) 61,000 

Total,   pumping  station 1183,600 


1 
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Twenty-nine  FllterB: 

862,700  cu.  yda.  excHVatlon.  at  JO  t-ls t  238,800 

2!I9.500  cu,  yds.  nuing.  at  ID  cts. 8S,900 

Soddlns  and   aeallng   Hlopes 7.384 

Roads  and  drains  outside  of  lllter« 16,200 

Concrete  tunnel  under  First  St 3,169 

Concrete    (intludtng  cement)  : 

36,56S  cu.  yds..  lioorB.  ul  16.75 216,iOO 

1B,03B  cu.   yds.,  n-iills.  iit   I7.3S 133,9«n 

e.98<  eu.  yds.,   piers,   jit   »S.Zfi 57,S(in 

31,820  cu.  yds.,  rooT  (vaulted),  at  J8.75 lOii.iOii 

Ramps  leading;  to  tops  of  filters t.SOO 

Court  Drtving 13.00« 

7.900  ft.  Central  underdralns,  at   tl,6S IS.OM 

Interior  dminaee  ayatem.  29  filters,  at  |jUO H.GOO 

Drainage  of  roofs,  39  filters,  at  1286 7,700 

Materials  placed  In  concrete.  29  filters,  at  8200 5,800 

157,725  ru,  yds.   Alter  sand,  at  tZ.65 418.000 

36.S00  cu.  yds.   nlf er  iimvel,    nt  (3, J5 1 00.400 

I'aBl-Jron  plpo  and  specials 117,000 

Sleel  rlBlnK  main  and  concrete  biu'lting 76.kni' 

Pressure   pipe   system    I.SOO 

S.ind -Rasher   pipe    svstem 34,000 

Stind  waBherB,    11  waslieri-  ami   8   ejectors 4.800 

Klevated  s.ind  bins.  2^.  cnpaclty  2S0  cu.  yds.  eacli S0.800 

Kxterlor    drnlnofce    syslem 3S.S00 

Venturl  meters  and   Indicating  apparatus 11.400 

SUilce   lealPB   and    gate    valves 19.900 

Regulator    houses     27,300 

OmcB    and     laboratory 19.700 

-Shelter   house   Tor    workmen 4.800 

Water  and  gan  lines  to  hulldlnK* 11.200 

- .ind  niters 41,»0(' 


RIectrle  lighting  for 


ind    miscellar 

tal.  filters.   29  acres,   at  f75,7Bg 82,197,000 

a  Water  Reservoir: 

L,   yds.    esiaviilion,   at  30   ots. f  25,100 


Pipelines    %     6.000 

IJalc  house    1 8,300 

Total,  gate  hous; t  21,300 

Engineering  and  Cleru'al : 

General   plana   t  36,000 

Surveying    Ji.oM 

PlBld    office    foiTc 31,OiO 

Main  office  fori'e •'-!!! 

Watchmen     *.SW 

Temporary   office    l-*»' 

Total  engineering  1181, 5W 

The  engineerln;;  was  6.65  per  cent  of  the  total  cost  of  conrtruc- 
tion,  which  Is  a  high  percentage  on  so  large  a  conlraci. 

This  Washington  filter  plant  Is  similar  to  the  Albany  plant,  bul 
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It  coat  »5  per  cent  mo 

■e  per  acre,  due  principally  to 

the 

higher  con- 

the price  tor  niter  sand  whic 

st  t3.«5  per 

tiB  compared  with  }1  per  cu 

yd 

at  Albany 

It  wu>  anticipated  by 

the  fOBi   o( 

jf  Bpeclfted  cleanllne«H  would 

be 

far  greater 

llian  It  really  was. 

Coat  ol  Fliterlna  at  Washington,  Albany  and  Phlladalphll.— lUr. 
3.  A.  Vogleaon  gave  the  following  table  of  cost  o(  cleaning  nller 
sand  per  cubic  yard: 

Philadelphia 

WiiBhlngton     Albany  Belmont  Roxboro' 

(ISUei.    (1S»9-1901>.  (I90S).  (19D6). 

Scraping     (O.OS              tO,13  tO.Zl  »0.1B 

Removing    0.1  S                 U.2B  0.23  0.22 

Washing    (1.05                 0.30  0.30  O.OB 

R»?laclng     O.ll                0.2i  0.26  U.30 

.    yd J0.39  »0.»3  10,80    ,         J0.79 

»  ^..      ..  =„  ..  sn  J, ^5  J,  j5 

«6  fl.SS  tO.«9 

The  tow  cost  of  denning  Wnslilngton  fllters  Is  due  to  ilie  nii-thod 
used.  After  scraping  the  Buntl  Into  piles,  II  Is  shoveled  Into  an 
ejector  and  carried  through  h  hose  to  a.  4-ln.  pipe,  und  thence  to  the 
Band  washers,  and  thence  through  pipes  to  the  sund  bins,  from 
*tilch  It  is  drawn  oti  Into  carta  and  dumped  through  the  root  of 
the  niter  Into  a  roCalable  chute  which  discharges  It  where  desired. 

The  cost  of  30  cts.  per  cu,  yd.  for  "replacing'  Ihe  sand  at  Upper 
Roiboro,  Philadelphia,  Is  the  iruntruct  price.  Ihe  work  being  done 
•"llh  wheelbarrows.  Before  ilie  replacing  wiis  done  by  eontriict  It 
eort  Ihe  elty  bZ  cts.  per  cu.  yd.  by  day  lalmr,  thus  lurnlslilng  an- 
other one  of  the  numberless  examples  of  the  greater  efficiency  of 
contract  labor. 

Coat  of  Filter  and  Flltlrlna.  Albany,  N.  Y.— Ur.  Allen  Hacen 
describes  the  slow  sand  filter  plsjit  built  at  Albany,  N.  V..  In  ltl»g- 
1899.  giving  the  following  data: 

The  plant  has  a  capacity  of  14. '00,000  ga]&  per  day.  and  Its  Arst 
cost  was  tfiOO.OOO,  Including  the  pumping  plant.  Thure  ure  M 
niter  beds  of  0.7  acre  tillering  area  each  (131xZ5S-ft.  bed),  and 
Kith  one  bed  out  of  use  for  the  purpose  of  being  cleaned  the  yield 
ot  Ihe  T  beds  Is  14.700.000  gals,  dally,  or  3,000.000  gals,  per  acre 
of  bed  In  active  service.  The  water  Is  pumped  from  the  Hudson 
River  Into  a  B-acre  <H.B00,00fl-gal.)  sellmeniatlon  basin  rS80x 
<00  ft.).  8  fl.  deep,  the  2  centrifugal  pumps  having  a  total  capacity 
of  24,000.000  gals,  per  24  hrs.  against  a  lift  of  2i  ft.  Half  of  the 
pumping  plant  Is  capnble  of  supplying  Ihe  ordinary  consumption. 
The  clean  water  resen-olr  holds  only  GOO.OOO  gnls..  being  very  small 
because  the  old  distributing  reser^'oirs  are  uxed  lo  siore  the  filtered 
water  after  It  Is  pumpeJ  from  the  clear  wn 
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Ttie  coat  of  this  pliint,  In  round  numbera.  noa  as  lollnirs: 
Sedlmentntlon    basin    %  SO.OOO 

FUteia    (at    145.600   per' kcre )'.'.'.'.'.'.'.'.'.['.'.'.'.'.'.'.'.'.'.'.','. '.'.'.'.  2Suio(iu 

Pumping:  station   SU.OOO 

Conduit  tram  Ullfr  to  pumping  stiitlon 87, one 

Bngineerine,   laborntory  equlpnieni,  etc Sl.oOC 

Total 1482,0011 

Urand  total  .'....  IsOO.OOO 

Tills  Is  equivalent  to  nearly  135.000  per  million  Bnllons  of  dally 
I'apiiflly.  Strictly  speuklnK,  the  conduit  from  the  Alter  to  Ibe  pump- 
ing station  should  not  be  Included,  and,  it  Its  coat  (tST.OOO  Is  de- 
ducHil.  we  have  a.  cost  ot  about  JJO.OOO)  per  million  Kallons  or  dally 

Tlie  plant  was  built  by  contmct.  and  the  folIowlDg  Is  a  more  de- 
tiilled  statement  of  the  cost  to  the  city: 
Filters.  Sedimentation  Basin  and  Pure  Water  Reservoir: 

Preliminary   draining    %  l.SaG.TI 

70.6T2  cu.  yds.  excavation,  at  (O.aOM 21,;<1.«( 

18.040  cu.  yds.  rolled  embankment.  a1   10.5:! g.34fl.80 

Z^.Rfil  cu.  yds.  silt  and  loam  Rtllne.  at  to.  15 3.1!T.<& 

2.1, 43»  cu.  yda.  general  fliline.   road,  at  tO.18 1.319-0: 

12,550  cu.  yds.  puddle,  at  tO.TI5 8,973,25 

1.T7S  cu.  yds.  gravel  llnlnE,  at  |O.SB l.S08.;s 

2.257  sq.  yds.  split  stone  ItnlnR.  at  SU.S3 1.850.T4 

11.737  cu.  yds.  concrete  In  lioors, -at  12.31 £7.112.47 

7.7!I2  cu.  yds.  concrete  In  riKif  vaulting,  at  (3.85 29.999.20 

3.HT  cu.  yds.  nil  other  Mincrete.  at  12.13 g,T03.ll 

4,382  cu.   yds,  brick  work,  at   |a.l2E 35.S0.1.75 

31. "15  bbls.  Portland  cement,  nl    (1.935 ei.3fl8.6J 

7.2S1    cu.  yds.  filter  gravel,  at  tl.05 T.Stl.n.i 

3n.4SH  cu.  yds.  lllter  sand,  at  tl.OO 36.488.01) 

fast-iron   pipes   and    specials 2I.S4I.2S 

On  tea  and  vnlvea 8,714.23 

872   lllter  manhole  covers,  at  14.40 2.9B8.S0 

8  s.nn.l-run   llslurpa.   at  »407.50 3.2fl0.01) 

S  ri'Kiihilor  honscs.  at  1862.24 6,80'.1>: 

1   ofrlrc    ;ind    laboratory 4.881.0(1 

VilrlflM    brick    pawluR 2.1SS-00 

Iron    fence   nhout   court 1.T04.00 

Kxtra  work  iind  minor  items 9.69:.0I 

Total     IIS4.217.20 

TliP  e\rnvntlon  averaged  4  ft.  deep.  The  fl-ln.  vttrllled  drains 
were  placed  11  ft.  npurt.  The  miiln  vltrifli-d  dnilna  (12  to  30  Ina.) 
wer-'  placed  beneath  the  concrete  floor,  being  bedded  In  concrete. 

The  price  for  concrete  does  not  Include  the  Portland  cement. 
which  la  a  separate  item.  Tlie  concrete  wua  mlsed  I ;  3 ;  B,  a  ttarrel 
being  3.8  cu.  ft.,  and  required  1.2«  bbls.  cement  per  cu.  yd. 

The  actual  cost  of  llie  concrete  Is  given  on  p.  748. 

The  floor  of  tlie  filler  waa  of  concrete,  built  in  the  form  of  In- 
veried  pralned  arches  to  diatrlbute  the  preasure  over  the  subsoil- 
Tlie  roof  wn»  of  concrete,  groined  arches  0  8  Ins.  thick  at  crown, 
span  IS  tt.,  rise  2Va   ft.i.  supported  hy  brick  piers  21  ins,  square  by 
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*14  n.  high.     The  ouulde  walla  were  of  concrete  lined  wiih  8  Ina 

at  br[ok.  and  the  division  walls  were  of  brick. 

The  Ki^vel  and  Band  were  dredg«l  from  the  river  with  u  dipper 
'Ireilge  bavlnK  a  daily  cuputlly  ol  6D0  cu.  yds.,  but  Che  averagtr  out- 
put was  ISO  cu.  yda     The  sand  was  pumped  Into  a  stocli  pile. 

According  to  Mr.  W.  B.  Puller  the  cost  of  rooting  the  filter  was 
about  30  per  cent  of  the  lolul  cost  of  the  mters.  or  |13,TO0  per  acre, 
or  Sl^  eta.  per  sq.  ft.  This  Includes  not  only  the  brick  piers  and 
earth  covering  over  the  roof,  but  the  extra  thickness  of  the  Iloor 
necessary  to  carry  the  added  load. 

The  cost  of  one  section  of  concrete  floor,  brick  piers  and  concrete 
roof,  13  ft  B  Ina  square  (18T  sq.  ft.),  at  contract  pricres  was: 

4.8S  Ol.  yda   floor,  at  I4.TS fSS.Ot 

1.24  cu.  ydK   bripb,  at  19.17 11.(9 

E.IO  cu,    yds.    roof,    at    tS.IO 34.02 

Total,  187  sq.  ft.,  at  36.9  cts tSH.OS 

This  gives  an  average  thickness  o(  7  Ina  of  concrete  in  the  Iloor. 
Deducting  the  cost  of  the  Iloor.  we  have  left  la  cts.  per  sq.  fi. 
m  Ihe  cost  of  the  piers  and  the  root.  This  does  not  Include  the 
cost  of  the  2-ti.  earth  nil  over  the  concrete  root,  which  added  about 
10  cts.  per  sq.  ft.,  the  price  of  the  slit  Hll  being  only  15  cts.  per  cu. 
yd.     This  roof  was  entirely  effective  In  preventing  freezing. 

A  relnlorced  concrete  roof  was  considered,  but  was  not  adopti-d 
becauss  the  city  water  board  objected  to  anything  "experimental." 

The  cost  of  operating  the  Alter  plant  from  September  5  to  De- 
camber    2i.    1899    (118    days),    was    fl.lT    per    million    gallons,    for 
li.GOO.OOO  gala  per  day. 
The  following  was  the  ordinary  force  of  men ; 

Per  day. 

10  laborers,  at  fl.GO  tor  S  hra tlE.OO 

1  foreman   .  "  "  ° 


Total    labor 


The  cost  of  pumping  was  tS.52   per  million  gala,  the  fo 
being  the  dally  cost : 

3  engineers,    at    12.48 »  7,44 

3  flremen,    ut    H.aS i.94 

3  tons  coal,  at  IZ.72 S.IO 

1  laborer,  at  11.50 I.,"i0 

9  sals,  engine  oil.  at   tO.OS U.81 

•>  ml.    cylinder  oil.  at  fO.ll a,:'2 

.   kerosene,  at  tO.lO '>,-''ii 

waste,   ot   tO.07 0,35 

packing,    sheet    rubier,    soap,     sodu, 


6  eals. 
B  IbB. 


Total     »31,i0 

Neither  of  tbe  above  costs  tor  fllterlng  or  pumping  Include   In- 
terest. depreoloUon  and  repairs. 
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Tli«  Binount  of  aand  scraped  and  cleaned  «~a>  O.T  cu.  yds.  par  mil- 
lion Ballona.     The  labor  cohi  was  as  fallowa  per  cubic  yard : 

1.44   hrs.  ot  man  atniping,  at  18)i  eta (0.270 

2.63  hra.  ot  man  wheeling,  at  li\   cts. 0.191 

2. 41   hra.  of  man  washing,  at  18%  cts. 0.4S8 

1.V3  hrs.  of  man  retHUng.  at  li\   cts. O.aSQ 

8.13  Total     tl.ESl 

Tbls  IB  equivalent  to  11.1!)  per  million  gallons,  exclusive  of  fore- 
roan's  time,  cost  of  wash  water,  etf.  The  volume  of  water  for  wkbIi- 
Ing  tlie  sand  was  about  13  times  the  volume  of  the  sand.  Alwut 
%  In.  of  sand  Cnot  Including  the  mud)  was  scraped  off  at  each 
scraping,  requiring  76  hrs.  ot  u  man's  time  to  scrape  an  acre.  Tlie 
sand  wus  wheeled  out  In  barrows  averaging  only  t  cu.  (t.  per  borrow 
load,  the  average  haul  being  300  ft,  from  point  of  loading  to  the 
sand  washer.  The  filters  yielded  66,800,000,000  gals,  per  acre  be- 
tween scrapings. 

The  sand  la  washed  In  sand  Washers  of  the  ejector  type,  there 
l>elng  5  ejectors  In  each  sand  washer  through  which  the  dirty  sand 

Mr.  Geo.  I.  Bailer  gives  the  following  relative  to  the  cost  ot 
filtering  througli  slow  sand  filters  at  Albany,  N.  Y.,  and  at  Iaw- 
rence.  Mass.,  both  being  for  the  year  isao : 

Albany  Lawrence 
lilllor 


(3.S1T  millloR       (1.170  million 
gals.)  nle.) 


Ice  cutting  and  snow 

Scraping  sund   fu.^u  .... 

Scraping  and   replacing  sand ....  3.18 

Wheeling   out     0.50  

Washing    sand     «.&»  I.2B 

Conveying   sand    1,31 

Kelllling    0.39  

Incidentals     0,20  0.4S 

Repairing  elevator  and  tools ....  >,l\ 

Cleaning  basin   0.00 

Total    f  1.90  IS.1S 

Interest  and  depreciation  are  not  Included,  nor  Is  pumping.  The 
Lawrence  Plant  makes  a  miserable  showing.  Scrat^ng  and  replac- 
ing Includes  scraping  the  beds,  wheeling  to  a  roadway,  and  carry- 
ing the  sand  back  from  tt^e  washing  machlns  and  spresdlng  on  the 
beds.  Conveying  sand  means  loading  and  transporting  It  (470  ft.) 
from  the  roadway  to   the  washing  machine.     Wages  were  IG  ct& 

The  Albany  plant  was  operated  319  days  (July  !«,  1809,  to  July 
1.  1900),  giving  nearly  12.000.000  gals,  per  day.  Labor  was  paid 
18%  cts.  per  hr.  The  dally  average  was  2,630,000  gals,  per  acre. 
The  average  run  was  6^,500,000  gala  per  acre  between  cleanings. 
There  were  B.200  cu.  yda  of  sand  and  mud  wheeled  out  (yielding 
,1,687  cu,  yds.  washed  sand),  end  3,600  cu.  yda  of  washed  sand 
wheeled  back.  Each  barrow  wheeled  out  contained  2  cu.  ft.  (7I.70S 
wheelbarrow  loads),  nnd  each  barrow  wheeled  back  contained  1.C 
cu.  ft.  (G9,G90  barrow  loads).     Hence  there  were  practically  1  cu. 
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yd.  at  washed  sand  per  millloti  gallons,  and  the  above  costs  p« 
million  BHllons  at  Albany  are  also  prai^tlcally  the  costs  per  cublo 
yard  of  sand  handled. 

The  tollowlnK  Is  the  cost  for  the  SIB  days  at  Albany  (add  li 
per  cent  for  a  full  year's  cost  o(  wages,  etc..  but  also  add  la  per 
cent  to  the  amount  filtered)  : 

Filter; 

Labor (5,107.(2 

Superintendence    1,393.G8 

Tools    and    supplies 377.75 

Half  the  cost  of  miscellanies 304.75 

Wash  water  for  sand  at  l  ct.  per  100  cu.  fl 209.06 

Total,  at  11.94  per  million  gala. (7,391.78 

(Add  5  ctH.  per  mlllfon  gais.  tor  cieaning  sedimentation  basin.) 
Pumping; 

Engineers   and   firemen t4,2G8.tS 

laborers     S87.00 

Coal   and    supplies 3,487.84 

Oil,    packing,    etc T99.0S 

Half   cost  of  miscellanies (04.76 

Total,  at  I2.4S  per  million  gals tM47.3D 

Ldtboratory : 

Chendst    |    »»».se 

Laborer     S9.BS 

Laboratory  supplies   346.1G 

Total,  at  10.34  per  million  gala (1,311.49 

Total   cost  per  million  gals..  Inch   pumping,  but  not  Incl. 

capital  charges (        4.76 

Mr.  John  H.  Gregory  gives  the  following  relative  to  the  Albany 
Alter  plant  operation,  during  1S99  to  1900,  covering  a  period  of  500 
daya. 

Scraping  required  0.69  hrs.  labor  per  cu.  yd.,  or  13  eta.  per  cu.  yd. 
of  sand.  There  were  1.23  cu.  yds.  of  sand  scraped  (to  a  depth  of 
0.66  in.)  per  million  galiont^  so  that  the  cost  of  scraping  was  16  cts. 
per  million  gallons.  This  covers  only  the  labor  cost  of  scraping  the 
dirty  mnd  into  piles. 

Wlieeting  out  the  sand  Includes  shoveling  It  into  barrows,  wheel- 
InK  It  250  ft,  and  raking  and  screedlng  (he  Alter  bed.  Its  cost  was 
1.29  hrs.  laljor,  or  26  cla,  per  cu.  yd.;  and,  since  there  were  1.23  cu. 
yds.  per  million  gala,  the  cost  of  wheeling  was  30  cts.  per  mil- 
lion gallons.  The  raking  and  screeding  of  the  bed  consumed  about 
26  per  cent  of  the  time  of  the  men  engaged  in  shoveling  and  wheel- 
ing, one  man  raking  and  screeding  11,000  sq.  tt  per  day. 

'Washing  the  sand  Includes  handling  the  dirty  sand  from  the 
storage  piles  to  the  sand  washer,  attendance  on  the  washer,  and 
removing  the  washed  sand  to  a  storage  pile.  The  ejector  type  «I 
washer  was  used.  The  cost  was  l.ST  bra  labor,  or  30  eta.  per  cu. 
yd.  of  sand,  or  27  eta  per  million  gallons  Altered. 

Refliling  filter  beds  with  clean  sand  Includes  removal  from  stor- 
age piles  to  filter  I>ed.  loosening  the  top  layer  of  sand  about  8  Ina 
a^Bp.  and  leveling  the  new  sand.  Its  cost  was  1.31  brs.  labor,  or 
25  eta.  per  co.  yd.,  or  SS  cts.  per  mUlIon  gallooa 
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Mr.  George  t.  Bailey  sives  tlie  coat  of  (lltPrInK  at  AJbon)',  tor  tlie 

year  1900: 

Labor    i  e.lll.ei 

Incidentals    ST*. 92 

L«st  time   4S1.3a 

Superintendence   £.l«1.43 

SuppllfB     SSE.25 

Supplies,  miscet 604.84 

Wash  water   2S«.92 

Total   tI0.i03.3i 

Per  million 
Hours.  Total.  Eals. 

Scraping    B,*81  %   I.53i.70  IoTm 

Wheeling  out    10.2S8  Z,S(S.20  0.4G 

RefllllnB    T.43T  2,0X1. ES  0.12 

Incidentals   S.009  841. 3B  0.13 

LoBt  time    2.305  etl.lO  •.« 

Washing    S.»23  I.TZ2.40  «.43 

T0l«I     37,453  tlO,T03.tl  tTsS 

The  equlv,  ooft  per  ru.  yd.  of  sand  Taa: 

Wheeling  out    tO.» 

RefllUnK    O.ST 

Washing    O.IS 

Wage*  are  $1.50  per  S-hr.  day. 

The  round  crip  Is  500  fc  from  the  Alter  b«d  to  tb«  Moraga  pitee. 

In  scraping,  a  long-handled  shovel  with  a  blade  IS  Ina  wide 
enables  a  man  to  scrape  more  than  100  sq.  yds.  per  hr. 

It  was  found  that  one  run  plank  14  Ina  wide  gives  better  service 
than  two  10  to  l£-ln.  planks,  and  It  takes  half  as  long  to  place  tbe 
single  plank. 

The  wheels  of  the  ordinary  *heelban^>ws  were  readjusted  so  as 
not  Co  put  so  much  weight  on  the  arms  of  the  men  In  aacendlng 

The  men  shovel  the  dirty  sand  from  the  siorage  pile  Into  a  mov- 
able hopper,  whence  the  sand  Is  carried  by  n  current  of  water 
through  s  pipe  to  the  washer,  thus  saving  wheeling  II  lo  the  washer. 
Men  wheel   the  sand  away  from  the  washer. 

The  average  run  Is  28  days  between  scrapings,  or  fO.000.000  gala 
per  acre,  li%  parts  of  wnter  lo  1  part  of  sand  are  used  In  washing, 
costing  4  eta  per  cu.  yd.  of  sand. 

Cost  of  Groined  Arches  and  Farms  on  the  Albany  Filter  Plant. 
— The  following  data  are  given  by  Hr,  Allen  Hazen  and  Mr.  Wil- 
liam B.  Fuller.  The  concrete  was  mixed  In  E-ft.  cubical  mixers  In 
batches  of  I.S  cu.  yda  at  the  rote  of  !00  cu,  yds.  per  mixer  dJiy. 
One  barrel  o(  cement,  3S0  iba  net,  assumed  to  be  3.B  cU.  ft.,  was 
mined  with  thre«  volumes  of  sand  weighing  SO  lbs.  per  Cu.  ft.,  and 
nve  volumes  of  gravrl  weighing  100  Iba  per  cu.  ft.  and  having 
40%  votda  On  the  average  1.20  bbla  of  cement  were  reoulred  per 
cu.  yd.  The  conveying  plant  consisted  of  (wo  trestles  (each  900  ft. 
long)  730  ft.  apart,  supporting  four  ceblewsya  The  cables  were 
nttnched  to  carriages,  which  ran  an  T-beams  nn  the  top  of  tbe 
trestles.  Rope  drives  were  used  to  shift  (he  rableways  along  the 
trestle.     Thrse-ton  loads  were  handled  In  each  skip.     The  InattiU- 
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tloti  at  Cbia  plant  was  slow,  and  Its  carrying  capacity  waa  Itss  than 
expected.  It  was  found  best  to  deliver  the  aklpg  at  concrete  (o  tlie 
caUeiray  on  small  railway  track,  allhough  the  orlKioal  plan  liud 
been  to  move  the  cablewaya  iioriiontelly  along  the  traitle  at  the 
nme  time  that  the  akiii  was  traveling. 
The  cost  ol  mixing  and  placing  Itae  concrete  waji  ob  loUowa; 

Uetunirlng.   mixing   and   loading lu.zu 

Transporting  by   roll  and  cables 0.12 

trying   and    tamping   floors   and   wsllo,    Including 
setting  fome   li.Z'i 

Total    tU.B4 

Tlie  cost  ot  laying  and  tamping  the  concrete  on  the  vaulting  was 
14  eta  per  cu.  yd.  The  vaulting  la  a  groined  arch  fi  Ins.  thick  at 
the  cron-n  and  2y,  t\.  thick  at  the  piers. 

The  lumt>er  at  the  centering  for  the  vaulting  was  spruce  lor  the 
ribs  and  posts,  and  1-ln.  hemlock  for  the  lagging.  The  centering 
Wss  all  cut  by  machinery,  the  rlbe  put  together  to  a  template,  and 
the  lagging  sawed  to  proper  bevels  and  lengths.  The  centers  were 
made  so  that  they  could  be  taken  down  In  sectlona  and  used  again. 
The  coat  o(  centering  was  as  follows: 

Idbor  on  centers  covering  82,660  sq.   IL : 

Foreman.   43d  hrs.  at  35  eta t    162,26 

Carpenters,   i.Sli  hrs.  at  22  ^  cts 1,U»<.42 

Laborers.    3.447    hra    nt    15   cts. 617. OFi 

Painters,  577  hra  at  IS  eta IS.&K 

Teaming,    324   hra   at  40   cU 121. SO 

Total  labor  building  centers  31>  H  at  tt.37.|l.li73.1f7 
Materials  for  centers  covering  82,560  sq.  ft. : 

313.000  (t.  B.  M,  lumber,  at  (18.30 JB.TOO.OO 

3.700  lbs.  nails,  at  3  cts lll.UO 

8  bbls.  Ur,  at  %» 24. uo 

Total     J6,S35.U0 

These  centers  covered  two  nitera,  each  having  an  area  of  12Hi  x 
16S  tL  There  were  six  more  filters  of  the  same  alze,  for  which 
the  same  centers  were  used.  The  coat  of  taking  down,  moving 
and  putting  up  these  centers  (313  U)  three  times  was  as  follows: 

]^or«man,   2,369  hrs.  at  35  cts f    1125.65 

Carpenters.    12.T6S   hra  at  22^   cts 2,1172.36 

laborers.   24,082   hrs.  at  IB  cts 3,8011.30 

Team,  430  hrs.  at  40  cts 172.00 

3.000  ft.    B.   M.  lumber,   at  »20 60.UO 

3,000  IbK  nalts,  at  3  cts VO.UO 

Total  cost  moving  centers  to  cover  ISS.SBO 

an.  ft.    J7,629.30 

The  cost  of  moving  the  centers  each  time  was  tS.lO  per  M.  sliow- 
>ns  that  they  were  practically  rebuilt;  for  the  flrst  building  ol 
the  centers,  as  above  shown,  cost  only  tO.37  per  U.  In  other  words, 
the  centers  were  not  designed  so  as  to  tie  moved  In  sections  as 
they  should  have  liecn.  Although  the  canters  were  used  four  times 
!■  all.  tbe  lumber  was  In  fit  condition  for  further  use.  The  cost 
of  the  labor  and  lumber  tor  the  building  and  moving  of  these  cen- 
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terB  for  the  S  niter  berja,  liBvlng  a  totul  area  ol  2&9,110  aq.  ft-,  vaa 
|lG,43g,  or  8  vtB.  per  oq.  ft. 

Coit  of  Filter  and  Fllterlno.  Lawrence,  Mm.  —  Hr.  Monis 
Knowlea  and  Mr.  Charles  G.  Hyde  eIvo  the  followInK  datu  relative 
to  the  Blow  wind  filter  plant  built  In  1892  at  Lawrence,  Masa.  The 
plant  vaa  built  by  day  labor  and  coat  ISO, 000.  It  conslBU  of  25 
filter  beda.  having  a  total  fllterlnK  area  of  S,39  acres,  so  Chat  the 
coat  of  the  plant  was  IS4,000  per  acre.  The  raw  water  enters  the 
filter  from  the  Marrtmac  River  by  gravity.  The  Hltora  are  not 
roofed,  although,  as  will  be  seen  later  on.  the  coat  of  roottng  ta  lOiun- 
dantly  ]u  at  Hied  by  the  coat  o(  Ice  removal. 

Between  the  years  1SB7  and  1900,  Intlualve,  the  beda  were  acrsped 
16  tlmea  yearly.  The  average  depth  of  sand  removed  at  each  Kfsp- 
Ing  was  %  in.,  making  a  total  of  about  3.500  cu.  yda  of  Band  yearly- 
over  the  entire  surface.  About  1.200,000,000  gala  per  year,  or 
3,500.000  gala  per  day,  were  filtered  during  thlB  period,  which  la 
equivalent  to  only  1,400,000  gala  per  acre  per  day,  or  about  half 
What  a  modern  alow  sand  flllir  dellvera  Nearly  i  cu.  yda  of  sand 
were  scraped  per  million  gallons  filtered,  which  la  far  In  exceea  of 
amount  ordinarily  scraped. 

The  coat  per  million  gallons  for  the  yt»r  1900,  which  waa  typical, 
waa  oa  tollowa: 

Scraping  sand    |1TB 

Sanding    l.OZ 

Conveying  annd   l.K 

Washing   B;ind    1.15 

Removing  anow  and  Ice 1.91 

Qeneral    O.SO 

Total     (7.70 

Add  l^'H  of  180,000)  ->-  2.100  mill,  gala 1.90 

Total     »9.«» 

The  capital  charge  of  tl.90  per  million  gallons  Is  none  too  hlch, 
and  takes  Into  conalderatlon  no  charge  [or  "special  repairs," 

In  thla  year  of  1800.  S.OOO  cu.  y<1a  of  aand  were  scraped  oS  In 
filtering  2,100  million  gala,  or  2.48  cu.  yds.  per  million  gallons, 
hence  the  above  flgurea  of  cost  per  million  gallons  If  divided  br 
2.48  will  give  the  cost  per  cubic  yard  of  sand  handled,  or; 

Scranlnor     10.70 

Conveying     tAt 

Waahlng    0.60 

Sanding   0.40 

Total  per  cu.  yd t!-OS 

Scraping  Includes  not  only  scraping  off  (he  dirty  sand  and  throw- 

Ing  It  Into  small  plies,  but  loading  and  wheeling   <T6  to  150  ft.) 

In  barrows  t«  a  temporary  dump  Just  Inside  the  filter  bed.     It  ftlao 

Includes  smoothing  the  beds  after  cleaning. 

Conveying  Including  loading  the  dirty  sand  from  the  tamporary 

dumps  Into  carts  and  hauling  and  depositing  In  a  pennanaDt  dump 

near  the  washer. 

Washing  Includes  screening  dirty  sand,  washing  and  tranai>ortlnB 

to  the  stock  pile  ot  clean  sand. 
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Sanding  Includes  co«(  of  loading  and  wb«ellng  In  the  clean  mubad 
Band  and  BpreadinK  It. 

Wages  of  laborers  were  12  per  9-hr.  day. 

The  sand  washer  consists  of  4  hopi>erB,  The  sand  drops  to  the 
bottom  of  each  hopper,  where  It  strikes  a  horizontal  Jet  of  water 
uid  Is  carried  into  a  pipe  that  leads  up  Into  the  next  hopper.  The 
water  required  Is  about  ID  times  the  volume  of  sand,  or  270  cu.  ft. 
of  water  per  cu.  yd.  of  sand.  Four  men  attend  to  screening  and 
wheeling  to  the  washer,  washing  and  taking  the  sand  away  In  dump 
cars:  they  can  thus  waeh  SI  cu.  yds  of  sand  dally  at  a  coat  of  %i 
for  labor,  or  38  eta.  per  cu.  yd.,  but  delaya  due  to  shifting  of  the 
washer,  etc,  and  cost  of  repairs  make  a  total  cost  Of  EO  cts.  per 

Mr.  M.  F.  Collins,  superintendent  of  the  plant,  states  that  the 
average  depth  to  which  the  cand  Is  scraped  la  greater  for  an  un- 
roofed filter  than  for  one  that  la  roofed,  due  to  the  (act  that  when 
there  ia  any  snow  on  the  filter  bed  the  men  usually  acrape  too  deep 
with  their  shovels,  and  when  the  bed  Is  frozen  slightly  they  necea- 
aarlly  must  take  olT  an  excess  of  sand  to  get  l)eIow  the  frost  Pos- 
sibly this  accounts  largely  lor  the  abnormally  great  amount  of  sand 
■craped  at  Lawrence:  possibly  the  method  of  scraping  la  Itself  not 
what  It  should  be. 

Mr.  John  H,  Or^ory  gives  the  following  additional  Information 
for  1900.  The  cost  per  million  gala,  was  as  follows,  labor  being  sep- 
arated from  materials;  aupplles,  etc.,  and  from  superintendence: 

Scraping    (labor)     11.50 

Conveying  (labor)    1.02 

Washing   (labor)    ■ 0.9f 

Removal    of   snow'  und'lce    (labor)  i  !  i .'.' i' i .'   i!eB 

(General   (labor)    0.38 

Superintendence     0.91 

Materials,    supplies,    etc ; 0.B8 

Total     17.73 

He  states  that  1.94  cu.  yda  were  scraped  per  million  gals  Ottered, 
requiring  3.53  hra.  labor  per  cu.  yd.,  or  77  ota.  per  cu.  yd.,  wages 
t>elng  t2  for  9  hrs..  average  thickness  scraped  being  <^  In. 

He  states  that  3.D00  cu.  yda  were  washed  In  I»D0.  at  a  cost  of  38 
cts.  per  cu.  yd,  for  labor,  requiring  1.12  hrs.  labor  per  cu.  yd. 

He  states  that  3,400  cu.  yds.  of  clean  sand  were  put  on,  at  a  cost 
of  33  eta  per  cu.  yd.  for  labor,  or  1.47  hra.  labor  per  cu,  yd. 

From  the  year  1896  to  1000,  Inclusive,  the  average  coat  of  anow 
□nd-ice  removal  was  t2.20  per  million  gals.,  or  nearly  tl.lOO  per 
acre  per  annum.  Since  an  acre  could  be  roofed  for  about  tlS.OOO, 
It  la  evident  that  It  would  be  much  cheaper  to  pay  Interest  on  a  root. 
However,  the  Lawrence  altera  show  about  half  the  ordinary  output 
of  water  per  acre  attained  by  wcl!  designed  beds,  so  that  If  their 
niterlng  capacity  per  acre  were  doubled,  the  cost  of  snow  and  Ice 
removal  would  be  31,10  per  million  gala 

Cost  of  Filter  and  Filterlna,  Vsrnon,  N.  Y.— A  slow  sand  filter 
raa  built  at  Mt  Vernon,  N,  T,.  In  1894.  at  a  cost  of  about  tZS.ODO. 
rhe  area  of  the  Alter  beds  Is  1.1  acres,  and  about  1.900.000  gals 
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w«re  Altered   per  day.     The  average  cost  ol  fllterlng  dnrlns  the 
years  189T  to  1900  was  as  rollows  per  million  gals.: 

ScrapInK  and  removinE  sand  tl.CS 

Washing  sand    0.68 

RepIacltiR  snnd    u.aS 

Removing   tea    0.4! 

Miscellaneous    0.10 

Total    13.31 

S%  Interest  on  Alter  plant   (tl.EOO  -h  gSO  million  gals.) t.2t 

Grand  total    tS.Bl 

An  average  of  1,300  cu.  yds.  of  sand  was  cleaned  per  year  (there 
being  about  IE  scrapings  a  year),  or  nearly  2  cu.  yds.,  cleaned  per 
million  gaJs.  Hence  by  taking  half  of  the  aliove  figures  we  have 
the  cost  ot  cleaning  the  sand  per  cubic  yard,  or  a  total  ot  nearly 
tl.40  per  cu,  yd.  The  scraping  is  done  with  shovels,  the  sand  l>elng 
removed  In  wheelbarrows  The  sand  washers  are  like  those  us«d  *t 
Albany  (hoppera  with  e.lectors).  It  Is  estimated  that  12,000  gala. 
o(  water  are  used  to  wash  each  cubic  yard  of  sand. 

Coat  Of  Filtering,  Po  ugh  keep*  le.—  Mr.  Charles  B.  Fowler  gives 
tbe  fotlowlne  relative  to  the  operation  o(  the  Poughkeepsle  Alter 
In  1900. 

The  sand  Is  not  scrapej  Into  heapa,  but  Is  shoveled  direct  Into 
barrows.  The  back  ot  B  rake  is  used  to  level  the  surface  otter 
■creplng.  It  takes  23  men  2  days  of  g  hrs.  each  to  scrape  1% 
acres,  wages  tl.50  a  day,  cost  }.|!>  per  acre.  This  Includes  wheeling 
to  the  corners  of  the  Alter  bed,  throwing  up  to  top  of  coping  and 
trimming  back  the  pile. 

The  sand  Is  stored  and  washed  In  October  and  replaced  all  at 
one  tlmo  (It  days).  Washing  costs  32  eta  per  cu.  yd.,  and  replac- 
ing costs  26  cts.  per  cu,  yd.,  tor  a  total  of  910  cu.  yds 

The  total  number  of  scrapings  per  year  is  not  stated,  but  IF  ther« 
wore  IB  the  cost  was  11.20  per  cu.  yd.  tor  scraping,  added  to  tO.SS 
for  washing  and  replacing;  total  |1.TS  per  cu.  yd.  (Mr.  Oregory 
gives  the  cost  of  scraping  at  (1.30  per  million  gala  In  1900.) 

The  cost  of  Ice  removal  varied  from  1116  to  1*13  a  year,  and  aver- 
aged 1364  tor  four  years  prior  to  1901.  or  J273  per  year  per  acre. 
To  remove  a  Ifl-ln.  layer  of  ice  In  1901  cost  $408  per  acre  of  filter- 
ing area,  wagca  being  tl.50  per  8-hr.  day.  The  Ice  was  sawed  Id 
parallel  lines  In  one  direction  and  broken  by  chisels  in  the  other 
direction.  The  cakes  were  Aoated  to  a  run  at  the  side  of  the  badn 
and  pulled  up  by  men  with  pikes.  The  water  level  was  about  1  ft. 
below  the  top  of  the  coping.  The  cakes  were  then  pushed  on  nearly 
horizontal  runs  to  the  place  of  deposit,  which  costs  about  half  of  the 
total  coat  of  Ice  removal.  The  cost  of  Ire  removal  was  94  eta.  par 
million  gall.  Altered  that  year,  and  there  was  only  this  one  re- 
Coat  of  Washing  Filter  Sand.  Poughkeepste,  N.  Y — Mr.  Charlea 
E.  Fowler  gives  the  following  relative  to  sand  washing  at  the 
Poughkeepste  niters  In  1897,  With  two  hoppers,  and  an  upward 
water  let  In  each,  the  cost  ot  washing  the  aand  was  14  eta.  par  eo. 
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T&.,  luborera  belns  paid  IS  cts.  per  hr.  The  >an(l  was  dellvpred 
UurouKh  a  p[p«  to  a  lank  130  ft.  awav.  and,  after  tha  remaining 
ritt  had  flowed  over  the  top  of  thla  tank,  the  sand  was  drawn  off 
through  a  valve.  Fitly  cu.  yds.  of  sand  were  washed  per  10-hr.  day, 
requiring  IS  cu.  ft.  of  water  to  each  cu.  ft.  of  Band,  the  water 
coitlne  3  cts.  per  cu.  yd.  of  sand. 

Cost  lee  Removal  From  Filters, — Mr.  John  H.  Gregory  gives  the 
following  coBtB  of  snow  and  Ice  removal  trom  Alter  beds  per  million 
gallons : 

Idiwrence  (average  1896  to  IDOO) |£,!0 

PouKhkeepile   (average   1898   to  IBOO) 0.48 

Ml.  Vernon   (average  1897   to  1900) 0.28 

EMImated  Co*t  of  Filter*  and  Ftltarlno.  Cincinnati,  O.  —  Mr. 
0«orge  W.  Puller  made  the  following  comparative  estimates  ot  tlie 
coat  of  slow  sand  filtering  and  mechanical  altering  for  the  city  of 
Cincinnati.  O..  In  189S.  A  year's  work  with  an  experimental  plant. 
of  100,000  gala,  dally  capacity,  preceded  Ihe  ealimate.  The  plant 
deatgned  for  Cincinnati  Is  to  have  a  dally  caDiiclly  ot  80,000.000 
gals.  Tlie  eatlmated  coat  Includes  no  allowance  for  cost  of  land, 
and  covers  only  the  expense  from  the  time  the  water  Is  discharged 
Into  Ihe  suhaiding  liaslns  until  It  leaves  the  clear  water  reservoir. 
by  gravity.  The  clear  water  reservoir  Is  to  hold  !0. 000.000  gala 
The  settling  rcsenolrs  are  (o  hold  320.000,000  (IS  hrs.  subsldente 
or  96  hra.  capacity).  The  rata  IB  to  be  3,000,000  gala,  per  acre  per 
day  In  the  slow  sand  Alter,  and  135.000.000  In  the  mechanical  Alter. 
The  following  are  the  estlmatetl  flrst  costs  per  million  gallons  dally 
capacity : 

Filter  Plant. 

Slow  sand.    M.siliunlcal. 

Reaervolra   llfi.OOO         flS.OOO 

ripe  connections   600  eoo 

Filter  beds,  chemical  devices,  piping,  laboru- 


(5%  per  year) 


Clear  water  reeen'oir   1,350  1,250 

Coagulating     and     supplementary     aubsldlng 

reaervolr    (20.000.000   gals.) 1.5O0 

138,750 

13.67 

The  cost  of  operation  ot  the  slow  sand  Alter  plant  Is  estimated 

1  superintendent     t  4,000 

1  assistant   superintendent    3,400 

Z  analysts,  at    Jl.SOO 3.000 

3  assistants,  clerks  and  ^nltor.  at  (GOO 1,800 

1  night   watchnuin    720 

8  reservoir  attendants,  at   $730 2.100 

3  Alter  attendants,  at  $720 S.ieo 

1  atorek<^eper     720 

5  chemical  attendants  lor  6  moa.  each  year,  at  (380 1.800 

Bxtra   labor    1,500 

Total,    S9,200   million   gals..  M   %9.1l ti0,3$0 
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The  coat  per  million  Kallona  Ib  esUmateil  thua: 

Salaries    iae   ubovfl    given) f  O.TS 

Ice    removal,    etc 0.30 

Scraping  20  times  a  year,   325  man-hra.  per  scraping,  at  SO 

Waalilng  sand,'  (.Vb"  cii!  ydi.',  at  iOcix.'.'. '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.  oItO 

Replacing  sanil,  l.TK  cu.  yds.,  at  20  eta. 0.35 

Sulphate  of  alumina,  0.9S  gr.  per  gal.,  at  L4  Cta.  per  lb 1.90 

Repairs,  0.6%  cusi  per  yr 0.4T 

Total  operating  expenae t  SB) 

Capital  charges    (aa  above) 4.72 

Grand  total   110.35 

The  estimated  cost  of  aalaries  for  a  mechanical  filter  plant  of  tti« 
aame  copaclty  Is  as  follows: 

16  attendants  for  Hiters  aud  chemical  devices,  at  1720 IIO.SOO 

3  firemen,  at  t72(l Z.lflO 

1  mechanic     1,440 

8  engineers,    at    |1,440 4,320 

1  superintendent     4,000 

1  asalslaiit  auperlntendent   2.400 

2  nnalysiB     8,000 

S  aaslalanta,  clerka,  etc^ l.SOO 

1  nlglil  watchman 720 

8  reservoir   attendants    .- S.lflO 

Bxtra  labor   l.GOO 

Total.  20,200  million  gala.,  at  SI  li t34,aOO 

The  estimated  cost  of  operating  the  mechanical  Alter  [dont  la  as 
fallows  per  million  gallona: 

Salaries    (as    above) |1.17 

Wiiah  water.  5%  of  filtered  water,  at  H6  per  million  gals. 0.75 

Coal  (or  power  and  light 0.15 

Sulphate  of  alumina.  l.«  gra.  per  gal.,  at  1.4  eta.  per  lb. 3.20 

Repairs  and    replacements,    machinery   and   chemical   devices, 

10%  per  yr.  on  32,500 «.«» 

Other  repairs.  0.5%  of  first  cost  per  yr 0.33 

Total  operating  exponse JS.IS 

Capital  charges    (as  above) 3.07 

Grand   total    (0.96 

For  the  turbid  waler  of  the  Ohio  River  at  Cincinnati.  Mr.  Fuller 
recommended  a  mechanical  filter  plant. 

Cost  of  Filtering  and  Ice  Removal,  Reading,  Pa.*— The  waler 
supply  of  Readlns,  Pa.,  Is  obtained  by  gravity  systems  and  by 
pumping.  Two  ot  the  gravity  supplies— the  Antletam  supply  and 
the  ERelmnn  aupply — are  filtered.  Mr.  Emil  L.  Neubllng.  Superin- 
tendent and  Engineer  of  Waterworlta.  gives  data  for  th«  flacal  year 
ending  April  E,   IS08. 

A*lletam  FilteTt. — The  Antletam  supply  Is  obtained  from  a  drain- 
age area  of  6.14  square  miles.  The  storage  reservoir  capacity  la 
101.000,000  gallons.  During  Ihe  year  this  supply  waa  treated  with 
copper  sulphate  In  order  1o  remove  the  orennism  nnabaena  and  to 
llRhten  the  worit  o(  scraping  at  the  Antletam  tllters.     Two  treat- 

'Kiglneerlng-Crmtraetlng.  Oct.  28,  1908. 
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nenta  i*ere  given  and  th«  elleci  upon  the  operation  ol  the  niters 
wan  to  reduce  the  total  number  of  scraplnga  from  82  In  tlie  prevloua 
yeai  to  4S  during  the  pa«t  year. 

The  Antletam  filters  conelit  or  three  open  sand  beds,  lOS  x  144  (t. 
each,  tBa  capacity  ot  each  bed  being  1.750,000  gallons  per  day.  The 
niters  wire  put  Into  service  on  May  II.  1»0S.  The  total  coat  ot 
Dperstlon  and  maintenance  was  t3.90».46  or  I4T4.T6  less  than  the 
previous  year.  Owing  to  the  decreesed  etflclency  of  labor  the  cost 
of  refllllnK  the  beds  was  12  per  cent  htglier  per  cubic  yard  than 
during  the  previous  year.  The  cost  of  washing  sand,  however,  was 
very  materially  reduced  on  account  of  placing  the  filter  keeper  In 
charge  of  the  washing,  (hereby  saving  the  services  of  an  engineer. 
The  cost  of  washing  sand  was  reduced  11  cts.  per  cu.  yd. 

During  February  and  March,  1908,  835  cu,  yds.  of  Ice  was  re- 
moved from  the  filter.  The  mean  thlokness  of  the  Ice  was  4,3S 
Ins.,  and  the  greatest  average  thickness  was  S.3  Ins.  In  Feb- 
ruary, when  three  beds  were  cleared.  In  March  one  bed  was 
cleared,  the  average  thickness  of  Ice  being  1.5  Ins.  The  cost  ot  re- 
moving the  Ice  was  as  follows; 

Total,      Per  eu.  yd. 

Labor.    SSe    hours J51.6B  t0.o62 

Superintendence    6.80  .007 

Supplies     »0  .01*1 

Total      159.39  10,070 

It  will  bo  noticed  common  labor  was  paid  about  21  ctfl.  per  hour. 

Tha  cost  of  scraping  and  wheeling  out  sand  was  as  follows,  1,818 

cu,  yds.  being  removed ; 


Labor.   S.ESSU   h( 
Superintendence 
Supplies    

Sulphate  t 


Total.      Per  cu,  yd. 
.1711.77  10.391 


Total   1863.65  10.475 

The  cost  of  washing  sand,  1.83]  cu.  jds.  being  washed,  was  ae 
follows : 

Total.  Per  cu.  yd. 

Labor.    1,S39W    hours |:'S2.38  »0,154 

Superintendence    30.43  ,017 

Supplies   and    repairs 7114,49  .431 

Total    I1.J07.30  tO.S04 

The  cost  of  refilling  the  beds  wiis  as  follows.  1,921  cu.  yds.  of 
sand  being  used  for  refilling ; 

Total.  Per  cu.  yd. 

Labor,    4.838   hours |'J17.95  (0.478 

Superintendence     37.03  .020 

Supplies    18.30  .010 

Total     ?'J73.34  fO.EOB 

The  total  number  ot  gallons  of  water  filtered  during  the  year 
was  1.182.657,023.  The  average  duantlty  ot  water  Altered  between 
scrapings  was  73,909.870  gallons  or  at  [he  rate  of  69.626.123  gallons 
per  acre.     The   average   quantity   of   water   filtered   per   day   was 
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Scraping  and  wheeling  out  sand 

TIO 

Care  of  erounds 

'  \\\ 

\\\ 

Total    f3,903.ie  13.311 

The  cost  of  tlUering  water  per  million  gallona;  excluding  analyaet 
and  care  of  grounds  was  {2.84. 

Engeiman  Filters. — The  Bngelman  suppi}'  has  a  dralnase  area  at 
0.6  square  mllea  and  a  storage  reservoir  capacity  of  8,900,000  gal- 
lons. The  Engelman  filter  consists  of  two  open  Band  beds.  40  x  bi  ft 
each ;  the  capacity  of  each  bed  la  2E>0.O0O  gals,  per  day.  The  tllters 
were  put  into  service  on  July  11,   !90S. 

On  account  of  not  washing  sand  and  retllling  beds  during  the 
year,  the  coat  iif  operation  was  considerably  less  than  for  the  pre- 
vious year.  The  unit  cost  of  scraplnjc  and  wheeling  out  sand  Wa» 
3  cts.  per  cubic  yard  more  than  for  the  previous  year,  and  the  cost 
of  ice  removal  2  eta  per  cubic  yard  less. 

A  total  of  IIT  cu.  yds.  of  Ice  was  removed  from  theee  Alters,  the 
mean  tlilclinesB  of  the  Ice  being  3.S  1n&  The  greatest  thicluiess  was 
G.Z  Ina  in  February.  1908.  The  coat  o(  removing  Ice  was  10  cts. 
p«r  cubic  yard,  the  work  requiring  67  hours  labor  at  a  total  cost  at 
tll05. 

T)iP  cost  of  scraping  and  wheeling  out  sand  was  as  follows; 

Total. 

Ijibor.  450^  hours tSZ.SS 

Superintendence    l.TO 

Total    184.5! 

A  total  of  12S  cu.  yds.  of  sand  was  removed,  the  cost  per  cubic 

yard  being  $D.G9. 

The  total  number  of  gallona  of  water  filtered  during  the  year 
was  79.784.798,  The  average  quantity  of  water  filtered  betweim 
nci-nplngs  was  4.693,234  gallons,  or  at  the  rate  of  48,«7G.e41  gallons 
per  acre.  The  average  quantity  of  wnter  filtered  per  day  was  217.- 
99!  gallons,  or  at  the  rate  of  £.260.888  gallons  per  acre  per  day. 

The  cost  of  filtering  the  water  per  million  gallons  was  as  follows: 
Per 


Operation  and  general  malntsnance 109.56 

AnnlysPR 31.10 

Care   of   grounds 46.25 

Total     I2S4.48 
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The  co«  o(  OlterlnE  water  per  million  Kallons.  exi^Iuslve  of  cost 
of  inalyaea  and  care  of  srounda  WB.fl  |£.S1. 

Ce«t  of  Fllterlno.  Brooklyn.  N.  Y — Mr.  1,  M.  de  Varona  gives  the 
fOllonlnK  data  relative  to  4  niter  plrtnla  In  Brooklyn.  2  mechanlcnl 
and  2  (low  sand  flltera.  The  mechanEcal  filter  plant  at  Balaeleys  la 
of  the  gravity  type  and  has  a  normal  capacity  of  i. 000.000  gnls. 
per  day.  It  has  circular  wooden  tanks ;  air  Is  used  to  agitate  the 
•and  during  waHhlng. 

The  mechanical  Alter  plant  at  Sprlngfleld  Is  similar  J/l  that  at 
Balteleys,  but  lla  normal  capacity  Is  only  S.000.000  atfla.  per  day. 
For  the  13  mos.  of  190S  the  coat  o(  operating  these  plants  waa  as 

Balseleys.  Sprlngfletd. 

In8i>ectlon     t    484. SO  I    48!. 79 

Operation    4.T14.0S  3,182.91 

Laboratory     143.68  109.23 

Repairs     B07.T8  232.53 

Inlereet  and  sinking  fund 3.218.84  S.386.2B 

Total      I9.3S3.B8  »6,653.74 

Uininn    gals,    tillered 1.435.5  E94.S 

Cost  per  million  gals. ffi.53  f9.GS 

The  Forest  Stream  slow  aand  filter  plant  has  two  sand  beds  hav- 
ing a  dally  cunncliy  of  6.000,000  gals.,  the  area  ot  the  bottom  at 
the  beds  being  2  acres.  The  beds  have  no  covering  and  have  no 
Impervious  bottom,  nor  side  walls.  Collecting  plpeti  are  laid  below 
the  ground  water  level,  bo  there  Is  practically  no  loss  of  water  by 
this  form  of  construction.  The  bed  Is  underlaid  by  gravel,  and  the 
6-I11.  underdralns  are  12^  II.,  c.  to  c. 

The  Hempstead  slow  sand  filler  plant  Is  similar  to  the  Forest 
Stream  plant,  but  the  two  lyeds  have  an  area  o(  only  0.9  acre  and  a 
dally  capacity  of  3.000,000  gals. 

The  cost  of  operating  these  plants  during  1905  was  as  follows: 
Forest  Stream.     Hempslend. 

Inspection     t    343.91  %    214.76 

Laboratory     335,12  419.:!8 

Lalnr  and  materials TIO.DO  239.47 

Interest  only   1,058.40  330. DO 

Total    t2,4E2,43  11,203.49 

Million  gals,   filtered 1,075,3  416,8 

Cost  per  million  gals. 12.28  {2,89 

At  Hempstead  a  new  method  of  cleaning  the  beds  waa  used. 
which  consists  In  washing  the  beds  instead  of  acraplng  them.  The 
cOEt  Of  this  cleaning  by  washing  was  40  eta,  per  million  gala.  Instead 
of  |1  by  scraping.  The  beds  are  divided  into  channels  20  ft.  wide. 
by  means  of  boards  set  vertically,  extending  8  Ins.  above  the  sur- 
face and  t  his.  tielow  the  bottom  of  the  sand.  The  boards  are  laid 
to  within  15  ft.  of  the  ends  of  the  beds,  and  boards  can  lie  placed 
across  the  ends  of  the  channel  ways  so  aa  to  cauae  a  (low  of  water 
through  any  desired  channel  way.  When  the  bed  la  ready  to  be 
cleaned  It  la  drained  ao  that  only  4  or  B  ina  of  water  are  left  on 
the  bed,  and  waste  pipe  gate  la  opened ;    then  a  gate  on  the  pipe 
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between  the  two  beds  Is  opened  to  allow  the  raw  water  In  the  arf- 
Jotnlng  bed  to  flow  Into  the  bed  to  be  cleaned.  The  velocity  of  ilie 
water  Is  regulated  bo  that  It  will  not  quite  carry  the  sand.  Uen 
with  rokea  stir  up  the  surface  ot  the  hed,  so  tliat  the  dirt  la  cBirleil 
away  In  suspenBlon.  The  men  work  from  the  head  ot  the  bed 
toward  the  outlet.  When  one  cliannel  Is  cleaned,  stop  pisnka  are 
placed  across  Us  end,  and  a  second  channel  Is  cleaned.  One  bed 
(0.15  acres)  Is  cleaned  by  S  men  In  i  hra,  using  2S0.O00  gals,  ot 
water.  The  quantity  of  water  ttltered  between  eieanlnga  ia  about 
S^%  less  when  the  beds  are  washed  Instead  ot  scraped. 

At  the  Forest  Stream  plant.  60,000,000  gals,  are  filtered  between 
scrapings. 

Output  of  8>nd  Washer*.*— In  a  sand  nitration  plant  the  sand  la. 
In  a  way,  the  most  Important  part  ot  the  filters.  It  Is  Important, 
therefore,  to  secure  the  best  sand  that  can  be  reaeonably  obtained. 
The  following  method  ot  securing  and  preparing  filter  sand  was 
used  In  Che  construction  ot  the  water  filtration  plant  ot  Washing- 
ton. D.  C  and  was  described  by  Mr.  Allen  Hazen  and  Mr.  B.  D. 
Hardy,  Trans.  Am.  8oc,  C.  E,  1906. 

The  contractor  turnlshed  sand  from  a  hank  at  Laurel.  Md..  on 
the  main  line  ot  the  Baltimore  &  Ohio  R.  R..  half  way  to  Baltimore^ 
This  bank  was  probably  ot  tertiary  origin,  and  constated  ot  layers 
ot  clay  and  sand.  The  sand  In  the  sand  layers  was  of  good  nuallty. 
except  that  more  or  less  rlay  was  distributed  through  It.  The  layers 
ot  clay  ranged  In  thlcknpss  from  a  few  Inches  to  several  teet.  and 
the  mixture  was  such  that  It  was  not  possible  to  take  the  sand  with- 
out the  clay. 

The  method  ot  securing  and  preparing  filter  sand  of  the  requisite 
cleanliness  and  ot  the  qunllty  specified  was  as  follows:  The  Sand 
was  excavated  from  the  bank  with  steam  shovels,  taking  the  mixed 
material,  to  a  depth  often  reaching  20  ft.  The  material  oblamed  to 
this  way  consisted  mostly  nt  sand,  but  large  and  small  lumps  ol 
clay  were  always  mixed  with  it,  and  the  top  soil  was  not  sepoTsted. 
The  proportion  ot  the  material  whli-h  could  not  form  part  ot  the 
Alter  sand  was  rather  large.  The  sand  was  loaded  on  cars,  which 
carried  it  on  temporary  tracks  to  the  screening  and  washing  plant 
built  close  to  the  main  line  ot  the  Baltimore  £  Ohio  R.  R. 

The  material  was  first  dumped  from  the  cars  through  &  coarse 
grating  which  separated  many  ot  the  largest  lumps  of  clay.  It 
then  passed  through  a  revolving  screpn,  with  holes  about  2  Ins.  In 
diameter,  which  removed  further  qunnClties  of  clay  In  lumps.  It 
was  then  taken  by  a  link-belt  elevator  to  the  lop  of  a  timber  trestle, 
and  discharged  Into  a  revolving  screen,  with  round  holes  having  » 
size  ot  seuaratlon  ot  about  4  mm.  Water  jets  ployed  upon  thW 
screen  and  farllitated  the  passage  ot  sand  through  It,  while  much 
line  gravel  and  some  additional  lumps  ot  clay  were  removed.  The 
speclflratlons  provided  that  the  snnd  must  be  tree  from  particles 
more  than  5  mm.  In  diameter,  and  the  screen  secured  this  result 
The  material  passing  through  the  screen  consisted  ot  the  Band,  to- 
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KOther  with  a  larKe  quantltj'  ol  clay,  partly  pulverized  and  psirtly 
In  luntCB,  all  carried  by  e.  considerable  quantity  of  water.  The 
mixture  then  passed  to  a  series  ot  puK-mllls.  The  revolving  arms 
In  these  t>roke  up  and  pulverized  the  remaining  clay  lumps.  This 
treatment  was  necessary  tor  a  material  containing  clay  In  lumps, 
but  would  be  unnecessary  tor  sand  not  containing  such  material. 

The  pug-mtlls  Incidentally  served  to  separate  a  portion  of  the 
clay  from  the  sand,  tor  an  excess  of  water  entered  them,  and  ex- 
tremely dirty  water  was  constantly  wasllnR  over  their  tops,  while 
the  sand  was  drawn  out  from  points  near  the  bottoms  In  much  the 
same  way  as  It  was  subsequently  drawn  from  the  sand  washers. 

The  mlTture  of  sand,  play  and  wnter  leaving  the  pug-mills  next 
passed  to  the  washers.  These  wasliers,  Fig.  2i,  consisted  of  three 
long,  narrow  boxes  with  boltoms  having  alopea  of  1  In  6  to  the  point 
of  discharge.  The  boxes  were  IG  ft.  long.  21  In.  wide  and  IS  In. 
deep  at  the  upper  end.  There  were  four  pipes,  perforated  for  their 
entire  length.  In  the  bottom  of  each  box.  the  holes  opening  directly 
downward.  Water  was  forced  through  these  pipes  at  a  rate  of 
about  1  cu.  ft.  per  min.  per  sq.  ft.  of  box  area.  This  water  went 
upward  and  overflowed  Into  a  trough  running  lengthwise  of  the  box 
at  the  top.  The  mixed  materials  entered  this  box  at  the  upper  end, 
flowed  through  It,  and  were  discharged  at  the  lower  end  from  the 
bottom.  There  were,  therefore,  two  movements  In  each  box  :  first, 
a  movement  of  wash-water  upw.ird  from  the  bottom  of  the  box 
to  the  top  and  out  through  the  waste  overflow ;  and  second,  a  for- 
ward movement  of  sand  from  one  end  of  the  box  to  the  other.  The 
upward  movement  of  water,  starting  from  the  whole  area  of  the 
bottom  and  ovei-llowlng  from  most  of  the  area  of  the  top.  kept  the 
sand  In  a  seml-miapended  state  and  practically  In  the  condition  of 
quicksand. 

Under  these  conditions  the  larger  particles  of  sand  rapidly  aank 
to  the  bottom  while  the  liner  particles  were  carried  to  the  top. 
The  sand  at  the  bottom  was  In  contact  with  the  clean  water  as  It 
first  entered  the  box.  while,  by  controlling  the  quantities  of  sand 
let  In  and  drawn  out.  the  finer  particles  could  be  forced  to  the  top 
and  out  through  the  waste  overflow  to  any  desired  extent.  The 
level  of  the  sand  tn  the  box  was  usually  carried  not  more  than  about 
6  In.  Iwljw  the  surface  of  the  water. 

As  the  sand  In  the  box  was  In  the  state  of  quicksand.  It  was  pos- 
sible to  draw  It  out,  through  a  gate  placed  Just  atMive  the  bottom 
ftt  the  lower  end  of  the  washer.  In  the  form  of  a  fluid  contaJnlng 
very  little  water.  Generally.  10  parts  of  the  mixture  drawn  from 
the  outlet  contained  9  parts  of  solid  sand.  The  mixture  tell  into  a 
large  hopper,  from  which  a  gate  allowed  It  to  flow  from  time  to 
time  Into  cars  on  a  side-track  below,  often  without  further  separa- 
tion of  water,  except  as  It  gradually  drained  out  through  the  cracks 
In  the  hopper  and  In  the  bottoms  of  the  cars. 

In  genera).  II  was  found  that  1  cu.  yd.  of  sand  per  hour  could 
be  washed  for  each  square  foot  of  liox  area,  and  sometimes  a  larger 
quantity  was  passed. 
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A  washing  box  of  thla  character  was  first  deBlgned  by  one  of  the 
Wriwr*  for  use  In  preparing  filter  sand  at  Yonkers,  N.  Y.  The 
sama  type  of  box  was  used  In  preparlnB  all  the  sand  placed  In  the 
flUera  at  Providence,  R,  I.,  and  has  alao  been  used  elsewhere. 

The  separation  of  the  clay  from  the  sand  In  such  large  quantities 
and  so  cheaply  wus  an  achievement  which  would  hardly  have  been 
regarded  as  possible  at  the  time  the  contract  tor  Alter  sand  was 
made,  and  the  uae  of  tlih 


Although  exact  figures  are  not  at  hand.  It  appears  that  the  vol- 
ume of  water  used  in  washing  the  sand  was  not  more  than  five  or 
six  times  that  of  the  sand.  The  wash-water  was  obtained  trom 
a  small  creek  nearby,  and  was  pumped  through  a  10-ln.  pii>e.  After 
rains  the  water  In  this  cret-k  was  quite  turbid,  but  this  turbidity 
did  not  Interfere  materially  with  the  washing,  or  with  the  quality 
of   tlie   sand    produced. 

In  a  working  day  of  10  hours  more  than  900  eu.  yds.  of  filter 
sand  were  frequently  produced,  and,  had  It  been  possible  lo  handle 
the  sand  at  Che  filters  more  rapidly,  the  plant  could  have  worked 
at  niglit,  with  a  greatly  increased  output 

The  specifications  provided  that  the  flllerlng  sand  should  be  en- 
tirely free  from  clay.  The  epeclflcatlon  had  proved  sufflcient  In 
securing  sand  from  river  deposits  and  from  Band  hanks  of  glacial 
orii^n.  It  did  not  prove  satisfactory-  In  the  case  of  this  sand,  as 
the  raw  raacerlal  contained  large  quantities  of  clay.  The  clay 
stuck  10  Ihe  particles  of  sand  on  drying,  and  the  ordinary  mechan- 
ical analysis,  by  sifting  the  material  In  a.  dry  state,  was  Inadequate 

It  becomes  apparent  at  once  that  a  method  of  measuring  the 
amount  of  clay  In  the  sand  must  be  found  and  used,  and  definite 
limits  set  to  the  amount  of  clay  that  could  be  present,  which  should 
be  substantially  equivalent  to  the  requirements  of  the  specltiotttlons. 

The  method  adopted  of  determining  the  amount  of  clay  was  as 
follows^  A  weighed  quantity  of  sand,  usually  25  R.— but  less  If 
there  was  considerable  clay  In  it,  and  more  If  there  was  but  lit- 
tle— was  agitated  for  some  minutes  with  several  times  Its  volume 
of  water.  The  sand  for  this  purpose  was  taken  directly  from  the 
washers  and  was  not  dried,  as  drying  Increased  the  dlfhculty  of 
getting  the  clay  In  suspension.  If  the  sand  had  dried  before  test- 
ing, it  was  necessary  to  keep  It  moist  and  agitate  It  for  some  time 
to  get  all  the  clay  loose.  When  this  w.ts  accompllshi'd  the  mixture 
was  made  up  to  a  volume  of  I  liter  In  a  graduated  glass.  This  was 
allowed  to  stand  for  1  min.  The  turbidity  of  the  supernatant  fluid 
w-as  then  taken  by  observing  the  depth  below  the  surface  that  a 
platinum  wire  could  he  seen,  by  the  method  of  Ihe  U.  8.  Geologi- 
cal   Survey. 

These  observations  were  taken  In  the  graduated  glass  for  con- 
venience. This  was  not  strictly  in  accordance  with  the  offlclnl  In- 
structions,   but    it   was  more  convenient,    and    the   comirarntlve    re- 
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Hulta  were  good.  Jackson's  turbidimeter  ^'as  used  with  good  renilta 
for  night  work,  but  ttie  rod  wao  preferred  by  the  liiq;>ectorB  whm 
It  could  be  used.  Tlie  turbidity  of  the  water  thua  found  was  multi- 
plied by  the   ratio  of   the  volume  of  the  mixture   to  the  weight  at 

muUlpllecJ  by  40,  The  figures  thus  repreKcnt  approxlmHtely  tbP 
turbidity  in  the  sand  In  parts  per  million  by  weight.  One  part  of 
clay  by  weight  actually  produces  about  two  parts  of  turbidity,  be- 
cause the  pnrticleH  of  clay  are  much  finer  than  the  particles  ot 
standard  turbidity,  but  this  mnltpr  1b  overlooked,  and  the  results 
are  expressed  as  standard  turbidity  in  parts  per  million.  To  get 
the  actual  weight  of  the  I'luy,  therefore,  the  figures  should  be  divid- 
ed by  two. 

It  was  decided  atter  study  that  a  reasonable  Interpretation  ot 
the  speclflcotlon,  expressed  In  terms  of  turbidity,  was  represtnled 
by  4.000  parts  per  million,  and  this  limit  whs  rigidly  Inslwed  upon. 
Uenerally.  the  sand  contained  less  Hum  3,tiO0  und  frequently  lesa 
than  :i.ODO  turbidity,  the  last  figure  corresponding  to  less  titan  0.1 
per  cent  of  actual  clay  by  weight  In  llie  sand  as  delivered.  That 
tills  result  could  be  regularly  secured  from  a  bank  whore  a  consid- 
erable percentage  of  the  total  material  was  clay  is.  tlie  writers 
think,  u  very  remarkable  result.  Indicating  both  an  excellent  ap- 
paratus and  most  efficient  management,  on  the  part  of  the  con- 
tractor, and  by  the  sand  Inapei'tois. 

Part  of  the  sand-washing  plant  was  duplicated.  This  was  done 
before  the  full  cnpnclty  ot  the  part  first  built  was  realised.  It 
was  intended  to  insure  against  delay  In  case  of  accident  and  to 
allow  un  Increased  output,  but  the  first  part  did  so  well  that  the 
second  part  was  used  hardly  enough  to  lest  it. 

The  sand  was  taken  In  cars  to  an  elevated  siding  near  the  filters. 
and  dumped  into  hoppers.  These  hoppers  were  provided  wllh 
snnd-gates,  and  carts  were  ilrivtn  underneath  and  loaded  from 
them.  Tliese  carta  were  taken  over  the  roofa  of  the  Alters,  and  the 
sand  was  dumped  through  the  manholea  Chutes  were  arranged 
under  the  manholes,  upon  which  the  sand  fell.  This  broke  the  force 
of  the  tall  which,  otlierwlse.  might  have  compacted  the  sand  to 
an  undealrable  extent,  and  also  threw  It  to  a  conslderuble  dis- 
tance horliontally.  Tlie  chutes  were  resolved,  and  In  this  way  most 
of  the  filter  sand  was  placed  directly  where  it  wna  wanted  wllliout 
further  handling.  It  was  necessary  to  place  only  a  small  part  ot 
it  with  shovels.  This  method  of  placing  the  Band  In  the  filters  la 
so  simple  and  iheup  that  It  has  been  adopted  for  regular  use  in 
replacing  tlie  washed  sand  In  the  Altera 

The  Band  settled,  on  an  nverntte.  about  S  per  cent  when  It  was 
wet  and  the  Altera  were  placed  in  service.  The  average  di'pih  at 
the  aand  In  the  filters  after  settling  wis  :1S  Ins.. 
niters  were  filled  to  different  depths,  no  that  when  aand  I 
plaoni  from  the  washers  in  the  filters  It  will  go  first  to  the  1 
having  Initially  the  least  sand,  and  a  regular  regline  is  thus  i 
lished  from   the   atart. 
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Cait  of  Flltar,  Lambertvltia,  N.  J.— Mr,  CliurclilU  Hungerforil 
BlveB  the  followlne  relative  to  a  small  slow  («nd  niter  at  ljainb«rt- 
vllla.  X.  J.,  built  in  1876.  There  ara  two  Alter  beds,  each  «0  x  100 
ft..  KlvlDK  a  total  of  0.28  acre,  and  the  ^-oat  was  tS.SOO,  or  at  the 
rale  of  t20,l>00  per  acnt.  They  were  built  In  .lay  and  not  lined 
with  concrete,  but  the  aide  slopes  and  bottom  were  rlprapped  witli 
stone,  A  puddle  trench  4  ft.  wide  runs  beneath  all  the  embank- 
mentih  averasin);  about  10  ft.  deep.  The  basins  are  9  ft,  deep.  A. 
ll-ln.  vltrlfled  pipe  runs  the  entire  length  of  each  basin,  on  one 
side,  and  la  fed  by  4-ln.  vltrlfled  pipes  spacul  2  ft.  c,  to  c.  Gravel 
w;is  placed  around  and  over  the  pipes,  and  a  layer  of  mnd  214  ft- 
Ihlcli,      The  niter  delivers  325,000    gals,   per  Jay,   but   has  a  much 

Roof   for    Filter,    Indianapolis.— Mr. 

•  foliowinK  ilata  relative  to  the  coBt 
leds  with  a  relnforce<1  concrete  roof 
at-lrcin   posts,   built   In    I90G,   for   the 


Ire  and  algae  had  caused  so  much  trouble  that  It  was  decided  to 
roof  Ihem.  disturbing  the  fltler  sand  its  little  af  possible.  The 
rooflng  cost  35%  cts.  per  sq.  ft.  Inrludlng  2  fL  of  cinders  and  a 
concrete  parapet  wall  all  aroutid  the  root  to  hold  the  dndiTB.  The 
concrete  for  Ibe  roof  was  nilxe<l  1 :  2 ;  4.  and  amounts  lo  O.OIT  cu. 
y<l.  per  sq.  ft.  The  root  Is  a  continuous  slab  3  Ins.  thick,  reinforced 
with  Vi-ln.  corrugated  rods  spaced  3  Ins.  i:  to  c.  in  parallel  linen, 
and  with  cross  rods  of  the  same  size  spnc(-d  similarly.  The  root 
^ilab  Is  supported  by  concrete  girders,  8  Ins.  wide,  witli  a  depth  of 
10  Ins.  below  the  roof  slab,  and  spaced  6  ft.  3  Ins.  c.  to  c.  Kacli 
ginler  is  designed  as  a  continuous  beam,  reinforced  with  tour  K-'"- 
i-orrugnted  rods,  each  bar  being  so  bent  Ihiii  for  Ilirec-qunrlerB  of 
Its  length  It  is  near  the  bottom  of  the  beam,  and  then  passes 
along  the  top  of  the  beam  and  over  the  supportlnR  I-beam  for  about 
a  quarter  span  ;  hence  each  bar  has  a  length  of  nbout  1 14  times  the 
length  of  the  beam.  These  reinforced  concrete  beams  are  sup- 
ported by  steel  i-beams.  The  I-beams  are  18-ln.  {S5  lb.),  spaced 
19  Vj  ft.  c.  to  c,  and  are  embedded  In  concrete  10  Ins.  thick.  The 
I-beams  are  spliced  at  the  quarter  point  of  the  span.  The  l-bt^ams 
are  supported  by  7- in.  cast- Iron  columns  spacid  '20  ft.  c.  to  c.. 
niled  with  concrete.  The  columns  rest  on  concrete  peileslals.  the 
top  of  which  [s  e  Ins.  above  the  surface  of  the  filter  sand.  The 
excavation  tor  these  columns  was  accomplltihi'd  by  the  aid  of  light 
Eteet  cylinders  that  were  sunk  through  4  ft.  of  Alter  material, 
and  then  fllled  with  concrete.  The  cast-iron  columns  are  1114  to 
12  tt.  long.  Being  only  7  Ins,  diam.  and  spaced  20  tt.  apart,  there 
Is  a  gain  of  more  than  I  per  cent  In  the  effective  nilerlng  area 
under  the  roof,  as  compared  with  the  ordinary  brick  columns  20  Ins. 
snuare  and  spaced   H   ft.  c.   lo  c. 

Tlie  use  of  cinders  Instead  of  earth  effects  a  ilectded  sivlnR  In 
the   amount  of   material    required   for   the  roof,   and   the   cinders,   in 
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tlilH  rase,  cost  no  more  than  earth.  The  root  was  designed  to 
support  the  cinders  and  such  water  as  they  would  hold.  A  factor 
of  safety  dt  3  was  adopted  (or  the  roof  reinforcement,  baaed  upon 
50,000   Iba   per   en.   In,   elastic  limit  of  ateel,    and  using   1    per  cent 


The  Iron,  steel  und  concrete  were  handled  by  a  moi'able  cableway 
Bpa,nnlnK  the   filter   beds. 

The  centering  wna  supported  from  the  steel  I-benma.  by  U-bolta, 
iind  was  left  in  place  10  Co  H  daya,  or  until  the  concrete  would 
rlnn  under  a  hammer  when  struck  lightly. 

Cost  of  Seven  Mechanical  Filters,— Table  XIV  gives  the  first  cost 
of  7  meclianloal  filter  plants  of  the  Jewell  tyi>e: 

tablx  xrv. 

Cost  Cost 

without  with 

Capacity       bulldlnss  buildings 

When  per  day,  or  cleiir  and  clear 

trfwalltr.  finished.  gala  reaen-olr.  resen.-DEr. 

Terre   Haute,    Ind 1891  4,000,000  (SO.OOO  H5,OO0  { 1 ) 

Chattanooga,   Tenn....lS33  3,000,000  SO, 000  32,000  (i> 

Burlington,    la. ! 894  3,600,000  38.000  75,000  (3) 

Ottumwa,    la 1895  2,000,000  13, GOO  2t,adi)ft> 

Danville.    Pii 18BS  1,000,000  8,000  14,000  <$) 

lA-xington,    Ky 1395  2,000,000  27.000  <6> 

Cedur   RiiptdB,   la 1896  4,000,000  32.000  47.000  <7> 

Total     19.600,000  )i»1.600 

Notea— (II  The  bulldlnga  cost  16,000  and  the  clear  water  reser- 
voir cost  tlO.OOO. 


(3)  The  clear  watfr  reaervolr  holds  BOO.OOO  gals. 

(4)  The  seltllng  tanks  nre  combined  wllh  the  filtering  tanks,  be- 
ing below  the  Hlterlng  material.  Ttie  S  fltlers  are  housed  In  a 
briotc  building,  41  x  96  ft. 

(3)  Bxmi  pumps.  H.OOO;  clear  water  reservoir  of  90,000  gal& 
(roofed).  »7,O0i' :  h  Is  not  clear  whether  a  building  Is  included  In 
the  $I4.0I>0. 

(0)   The  clear  water  resm-oir  holds  330.000  gnls. 

171  nrlck  building.  40x140  ft.,  clear  wnler  reseri'olr  beneath. 
The  i^ost  Includes  two  3,000,000-gBl.  low  service  pumps. 

Coat  of  Mechanical  Filter,  Danville,  III, — A  mechanical  Alter  plant 
built  ut  Danville,  III.,  in  1903.  cost  175,000  tor  buildlnga,  niters, 
cuuKulallnK  biislns.  clear  water  reservoir,  and  the  operating  ma- 
chinery. Thi-  capacity  of  the  plant  Is  6.000,000  gals,  per  day.  The 
filter  Iwds  have  a,  cnpoclty  ot  125,000,000  gals,  per  acre  per  day. 
The  coai^lant  Is  lime  and  sulphate  ot  Iron  specified  not  to  cost 
more  than  tl.lO  per  million  RBllons  when  the  water  has  "average 
turbidity." 

Cost  of  [Mechanical  Filter  and  of  Flltarlno.  Norfolk,  Va — Mr.  Ed- 
mund B.  Weston  gtv^s  the  following  relative  to  a  mechanical  lUter 
plant  built  In  1899  at  Norfolk,  Vn.  The  plant  has  a  capacity  ot 
S.000.000  gala,  per  day.  There  are  16  ttlters.  each  15  ft.  in  diam- 
eter. At  a  rate  of  127,000.000  (mis.  per  acre  per  dny.  each  filter  has 
a  dally  capacity  of  500.000  gals.  Tlie  cost  of  the  filter  plant,  ex- 
rlusive  of  a,  5,000, OOO-gal.  subsiding  reservoir  and  a  l.OOO.OOO-gal. 
clear   w,.ier   reservoir,   was  as   follows; 


WATER-WORKH.  Tiw 

Filter  bulIdlnKS  and  loundationa t  23,312 

Fllterfl  and  iiuitlllarLes    74.083 

Puran   for    supplying  flUera 1,690 

Eleclrlc    light    equlpmeni.    etc. 89! 

Total     t  B9,80£ 

Work  upon  subaldlng  reservoir  Intlu.ltiiic  ilnilmiKe  pump..  4.«ai> 

Total     1104.198 

The  subalding  reservoir  was  already  In  evlelenoe.  being  an  old 


The  cost  of  operation  during  the  month  of  Miirch.  1!I0D,  nhlch 
was  typical,  Was  as  lolloirs.  per  million  gallons: 

Labor 11.13 

Coal  at  13  per  ton 0.86 

Clearing  subsiding  reservoir R.DK 

1.9G  grains  of  sulphate  of  alumina  per  gal.,  at  1.2  vts.  per  lb.. .   3. -ID 

Total    J3.47 

Additional  labor  It  pumping  station  were  n»t  nd]n.rent  io  lllter 
building    0.33 

Total     16. SO 

This  does  not  include  Interest,  depreciation  and  repalra,  which 
It  Is  safe  to  say.  would  amount  to  nt  least  %i  per  million  gallons. 
If  the  cost  al  the  subsiding  reservoir  and  clear  water  reservoir 
are   Included. 

Cost  of  Mechanical  niter  and  of  Filtering,  warkes-Barre,  Pa.— 
A  mechanical  Alter  plant  (of  the  Jewell  type)  was  built  In  1B9j 
at  WHkes-Barre.  Pa.  The  cost  was  H'22.400,  including  a  brick 
building  having  11,200  fL  floor  area.  There  are  20  Alter  lanks. 
having  a.  combined  area  of  2,260  sq.  ft.,  and  a  daily  capacity  of 
10,000.000  gals.  There  are  iwo  60-hp.  boilers,  a  10  >:  10 .':  I2-ln. 
pump  for  raisins  filtered  water  for  washing  the  tuters.  a,  IS-hp. 
engine  for  driving  the  sand  agitators,  li  RKlOxI2-in.  air  com- 
pressor for  agitating  (he  solution  In  the  coagulant  tank,  and  ii 
dynamo  for  lighting.  Sulphate  of  alumina  la  used  as  a  coagulant, 
the  maxicnum  being  K   gr-  per  gal. 

The  cost  of  operation  per  day  was : 

Z  engineers,  at  tS.lS t  4,30 

2   foremen,    al    il.75 3.-10 

2  laborers,  at  |1.S0 3.00 

Coal    0.J8 

Hauling  coal 0.7B 

250  IbB.  alum   (for  7.000,000  gals.),  at  1.75  cts. 3. 82 

Total,  T, 000,000  gals,  ot  12.31 J1S.I6 

In  189«  the  labor  and  fuel  cost  of  flhiring  B, 000. 000  gals,  per  day 
■was  reduced  to  the  following  dally  cost ; 

2   engineers,  al   J2.15 (4.30 

2   washers,  at  |1.«2 14 3.35 

Fuel    1.30 

OH.   waste,   etc. O.Il 

ToUd     18.9$ 
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This  Is  II  per  million  gals,  exi^luslve  at  the  coaKulpnt  and  ot 
Interest  H.nd  depreciation  of  plant.  The  tirat  cost  of  the  plant 
v/aa  112,200  per  million  sals,  ot  dally  capacity. 

Coit  or  Mechanical  Filter,  Aabury  Park,  N.  J — A  mechanical 
filter  tContinental)  was  built  in  1894  at  Asbury  Rirk,  N,  J.,  for 
removing  the  iron  from  artesian  well  water.  Ita  capacity  la  z.OOO,- 
000  gala,  per  day,  and  lie  coat  waa  tao.OOO,  not  Including  a  brlclt 
building  4Sx4S  fl.  (2,025  aq.  ft.),  eatlmated  to  coat  f1,500.  This 
doea  not  include  a  12-ft.  atandplpe  12B  ft.  hlRh,  which  receives 
ent  of  the  total  pumpage  is  used 

Coat  ot  Mechanical  Filter  and  Filtering,  Elmlra,  N.  Y.— Mr.  J.  M. 

DIvena  states  that  tiie  mechanical  Alter  plant  at  Elmlra,  N,  T., 
haa  a  capacity  of  A  nilllton  gala,  dally,  and  its  cost  waa  166,000, 
Including  building.  The  cost  of  filtering.  |2.S0  per  million  gals., 
to  which  $0.T0  should  be  added  lor  inlerest  and  depreciation; 
total,   tJ.BO. 

Cost  of  water  Softening.— Mr.  W.  B.  Gerrlsh  givea  the  follow- 
ing relative  to  a  water  softening  plant  built  In  1905  at  Oberlln.  O. 
The  plant  cost  tl2,o00,  and  treats  186,000  gala,  per  day.  The  water 
la  Boftened  by  the  use  of  Hme  and  soda.  From  6  to  IT  grains  of 
lime  and  2  to  0  grains  of  soda  are  uaed  per  gallon.  The  two 
(TxT  ft.)  pre»Bure  filters  are  washed  twice  a  neeic  The  cost  of 
treatment  averages  as  follows  per  million   gallons: 

Chemicals     110 

Labor,     Interest    and    depreciation 15 

Total      t2E 

post  of  Concrete,  Asphalt  and  Brick  Reservoir  Lining. — Mr.  Ar- 
thur I.,  Adams  givea  the  following  d.ita  on  the  Astoria  (Ore.)  City 
Water  Works:  The  reaervoir  bottom  Is  lined  with  6  Ins,  of  con- 
crnte  (laid  with  expansion  joints),  %-In.  of  cement  mortar,  one 
coat  of  liquid  asphalt,   and  one  harder  asphalt  coat.     The  lining 

after  dipping  each  brick  In  hot  aaphalt.  was  laid  on  the  c 
The    bricks    were    laid    i 
asphalt  coat.     The  actual  cost  pei 
Slope.  Per  sq,  ft. 

e-in,     concrete J0.11S7 

iHl    ooiit   asphalt O.OIOO 

Brick   in  asphalt 0.0889       ._. . 

2d  coat  asphalt 0.0131       id  coat  asphalt O.0OS2 

Chinking     crevices     with 


Total     JO. 2372 

•These  crevices  developed  n 
ol  the  brick  slope. 

The  detailed  cost  of  this  lining  work  was  as  follows: 

The  concrete  was  composeil  of  basalt  rock,  quarried  and  cruslied 


iVATER-irORKS.  .    TtiT 

near  the  work,  of  river  Bravel,  sand  nnd  Imported  Portland  cement. 
One  cubic  yard  of  concrete  contained  0.9  cu.  yd.  atone.  0.5  cu.  yd. 
KTRvel.  0.1  cu.  yd.  sand  and  1  bbl.  cement.     There  were  flOa  cu.  yds. 

was  well  manased.  each  man  averaging  1.84  cu.  yds.  per  10-hr.  day. 
mixed  and  placed  nn  the  slopes  nnd  2.S5  cu.  yds.  on  the  bottom. 
The  men  were  Itallnne.  The  rock  was  quarried  and  crushed  and 
delivered  at  the  work  (800  ft.  haul)  for  9S  els.  per  cu.  yd.  Sand 
and  gravel  were  boughl  at  itVi  cts.  per  cu.  yd.,  and  cement  at  t3.15 
per  bbl.  AM  mixing  waa  done  by  hand.  There  were  three  gangs 
of  mixers.  6  men  In  a  gang,  mipplied  with  materials  by  9  wlieel- 
barrow  men  (5  on  rock.  3  an  gravel  and  sand  and  I  on  cement). 
The  18  mixers  placed  the  concrete  for  li  men  to  rake  and  ram. 
Beclde  this  force  of  33  men,  there  were :  1  helper  at  (ha  cement. 
1  man  tending  water.  1  man  Rprlnkllns  concrete  already  laid,  1 
w;iler-boy  and  1  foreman.  The  gmvel.  sand  and  cement  were 
mi\ed  dry.  then  mixed  wet,  and  stone  added ;  the  concrels  was 
then  turned  three  times,  and  once  more  when  deposited.  On  the 
slopes  a  rough  flnlshltig  coat  of  mortar  was  applied  by  taking  a. 
little  mortar  from  the  next  batch.  The  concrete  was  mixed  with 
very  little  water.  By  raiting  the  coarse  rocli  down  the  slopes  and 
by    using    a     straight    edge    before    ramming,     even     slopes    were 

On  the  bottom  the  %-ln.  mortar  <I:2)  coat  was  applied  by  two 
finishers  using  smoothing  trowels,  and  thej'  were  served  by  4  men 
mixing  and  carrying  the  mortar. 

On  the  slopes  (he  concrete  was  placed  In  sheets  10  ft.  wide  from 
top  to  bottom;  and  on  the  bottom  It  was  laid  In  squares,  ZO  ft  on 
a  side;  2  x  B-ln.  planks  being  used  to  hold  the  free  sides  of  the 
concrete.  When  a  new  square  was  laid  adjoining  an  old  square,  the 
2x6  pieces  were  removed,  and  replaced  by  a  piece  of  U  x  4-ln. 
ureather  boarding.  Two  weeks  later  these  ^^-In.  strips  were  re- 
moved so  that  the  grooves  could  be  run  full  of  asphalt.  The  H-ln. 
strips  should  be  beveled  and  laid  with  the  wide  edge  up,  or  they 
will  be  removed  with  difflculty.  The  labor  cost  of  concreting  Was 
»1.07  per  cu.  yd.  on  the  slopes  and  67  cts.  on  the  bollom,  wages 
being  16  cts.  an  hour. 

Two  grades  of  A1cfl.tmi  asphalt  were  used:  the  L  and  the 
XXX,  or  paving  brand.  The  L.  grade  Is  a  natural  liquid  asphalt, 
and  the  XXX  grade  is  the  product  ol  reflnlng  the  natural  rock 
ai^ihalt  with  about  20  per  cent  of  the  liquid  as  a  flux ;  they  are 
aold  In  barrels  holding  400  lbs.  Mo  asphalt  was  placed  on  the  con- 
crete until  it  had  been  In  place  two  weeks  and  was  dry  on  the  sur- 
face. On  the  bottom  of  the  reservoir  the  flrst  coat  applied  was  the 
L  grade,  the  second  coat  was  the  XXX  grade.  On  the  slopes  none 
of  the  L  grade  was  used,  because  o(  its  tendency  to  creep :  moreover 
the  harder  asphalt  when  at  t))e  proper  tem|>erature  runs  readily 
and  fills  all  crevices.  The  only  advantage  of  the  L.  grade  Is  that 
It  will  adhere  to  a  damp  surface  where  the  XXX  will  not. 
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For  beat  resuEls  alt  work  should  be  done  [n  the  dry  summer 
monlhs.  All  ilust  muat  be  carefully  swept  off  the  coacrete  aa  it 
prevents  bonding  with  the  aaphalt.  The  asphalt  applied  with  mops 
made  of  twino,  was  delivered  In  sheet-Iron  buckets  by  attendants 
who  carried  <t  from  two  nielCIng-  kettles  holding  3.D0O  lbs.  each. 

The  bileks  used  on  the  slopes  were  half  vitrified  and  half  com- 
mon, due  to  Inability  to  get  tha  full  number  of  vltrifled  bricks. 
They  were  submerged  In  a  bucket  of  hoi  asphalt  and  placed  on  the 

readily  averaged  I.30Q  bricks  laid  In  10  hrs.  A  push  Joint  was 
made.  To  secure  close  Joints  and  consaquent  economy  in  asphalU 
the  asphalt  must  be  kept  hot  enouRh  to  run  like  water. 

The  asphalt  finishing  coat  followed  the  brick  laying  as  closely 
as  possible,  to  avoid  deloj's  due  to  rain-water  standing  in  opi'n 
Joints."  The  slope  was  ironed  with  hot  Irons  to  improve  the  ap- 
peiirancc.  Overheating  of  the  Irons  Is  apt  to  Injure  the  asphalt. 
Ehirlng  hot  weatlier  llie  brick  slid  on  the  slope  somewhat  by  closing 
up  thick  joints  laid  In  colder  weather;  but  all  motion  ceased  in  a 
(ew  weeks.  The  advantapie  of  asphalt  lies  In  retarding  the  pas- 
sage of  water  through  brick  or  concrete:  It  does  not  exclude 
w.iter,  for  an  asphalt  coated  brick  submerged  In  water  will  eventu- 
ally absorb  as  much  water  as  an  uncoated  brick. 

Cost  of  First  Asphalt  Cont  on  Concrete  Slopes   (29,637  sq.  ft.). 

Total  Cost  per 

Labor :  cost.  so.  ft. 

Tlulhllng    sheds    t     5.00  JoISOOl" 

SpreailinK.  Stl   hours  nt  2«  clH 18.30  O.OOaei 

HoilinK.  31"',   hours  a  1    ir.   its. 13.72  0.0004( 

Helppvs.    i3Vi,    hours  a  I    1.1   cts 11,02  O.OOOS" 

aweeplng,  49 '.ii  hours  at  15  cts. 7.43  0.00025 

Materials : 

A^halt.   19.243   IbK  at   t0.122S Z3G.73  0.00795 

Fuel.  1   cord  wood  at  J2.50 2.r,0  O.OOUOS 

Hauling  9. «  tons  asphalt  nt  J0.47 4. SO  O.OOOlfl 

».10  SO.OlUOd 
9.63T  aq.  ft.). 

lOtal  Coslper 

Labor :                                                                      cost.  sq,  ft. 

Building    sheds     I     E.OO  10.00017 

Spreadlne.  Vf,%   hours  at  la  cts 14.30  0.0004H 

Boiling.  73M    hours  at  15  eta 10,S:i  0.00037 

Helpers.   144  V.,    hours  at  15  cts 21. «S  0,<)007:{ 

Sweeping,   20  hours  at  15  cts 3.00  0.00010 


Hauling.    12.6   tons  at   10.47 5.112  0,00020 

Totals    «87,52  10.01 307 

Coal  of  Ironing  Asphalt   Slope    (29,637  sq.   ft.). 


Ironers,  295. n  hours  a1 
Heaters.  76  hours  at  1. 
Helpers  and  swc-eping,  : 


WATER-WORKS, 


Materials : 


Irons,   20  ;it    |l.oO 30.00  0.00101 

Fuel,    1  cord  at  JJ.50 !,50  O.OOftOS 

Totals      1103.63  J0.00356 

Cost  of  First  Asphalt  Coat  on  Concrete  Bottom  (34,154  sq.  ft.). 

Total  Cost  per 

Labor :                                                                                cost.  sq.  ft. 

Building  sheds,  !S  hours  at  20  fts t      S.on  fO.OOOlE 

Spreading,  38  hours  ul  ZO  cts T.«0  t.awri 

Boiling.  37  hours  at   15  cts. 5.55  0.00016 

Helpers.  43  hours  nl   15  ctK «.45  O.nOOlS 

iiweeplnK,  44  hours  at  15  eta 6.60  O.0OO19 

Materials : 

Asphalt.    1R.490  lbs.   nt    $0.01225 22G.nO  D.O063S 

Fuel.    1    cord 2,r,«  0.00012 

Ilnullug,   9.26   tons  at  tO.47 i.Zj  D.OOOOl 

Totals     IJ6J.i;  |0.007«S 

Cost  of  Second  Asphalt  Coat  on  Bottom   (31.454  sq.  It) 

Total  Cost  pel- 

Labor:                                                                      cost.  sq.  ft. 

BuIMInK    sheds- I     5.00  fO.OOOir. 

SpreaJInK.  35  hours  at  IS  CIS 3.25  O.OOOli 

Boiling,  30  hours  at  15  cts 4.9O  O.UOOi;) 

Helpers.   52^^   hours  at   15   cts. 7.Sfi  O.0aO:!3 

Sweeping,   44  W   hours  at  IB  cts. 6.6S  0.0002" 

Foreman.    17^    hours  at    35    cts. 4. 38  0.00013 

Material  H : 

Asphalt,    19.691   lbs.   at  tO.OtSSS 239.39  0.00702 

Fuel.    1   cord  at  12. BO 2. SO  0.00007 

Huullng,    9.8    tons   nl    »0,47 4,«1  O.OOOU 

Totals     (280.79  (0.00821 

Cost  of  Laying  Brick  on  Slopes  (132,000  Bricks  Dipped  In  Asphalt 
and    Laid    Flat:     29,0: 


Total        Cost  per 


Labor: 
Unloading  brick  from  barge.  290  hrs.  at  15  cts; 

foreman.  13  hrs.  at  35  cts t      49.00     t  0.3T122 

HuuUng  and  storing.  ISO  hrs.  at  36  cts.  and  140 

hrs.  at  6B  cts. 152.43  1.1647S 

Le>-[ng.  561  hrs.  at  15  els S4.15  0.63750 


Attendance.    1.141   hrs.   at   15  cts 201. IB  1.5238' 

Boiling  asphalt,  220  hra  at   IB   cts 33.00  0.24600 

Foreman,  96   hrs.  at  25  cts 24.00  0.18180 

Ua  terlals : 

BHck,  132  U  at  17.00 924.00  T.OOOOO 

Aaphalt.  93,372   Iba  at  (0,01225 1,143.81  8.66516 

Asphalt  haul.  46.7  tons  at  10.47 21.95  0.16628 

Totals     (2,633.49      (19.96055 

Coat  of  Lining  a  RMsrvoIr  With  Asphalt — In  Trans.  Am.  Soc. 
C.  E.,  1893.  Vol.  31,  p.  629,  Mr.  James  D.  Schuyler  discusaes  the 
uae  of  California  asphalt  lor  lining  two  reservoirs  of  the  CItlicna' 
"Water  Co.,  at  Denver,  Colo. 
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The  earth  alnpea  of  a  reservoir  were  flr«l  sprinkled  and  rolled 
With  a  li-ton  slope  roll<!r.  operBlcd  by  a.  hoiBtlng  engine  mounled 
on  rails  on  lop  of  tlie  embankmenL  Slopes  were  IH  to  1,  and  depth 
of  water  was  20  fi.  Beginning  lit  the  bottom  the  asphalt  was  laid 
on  the  earth  slopes  In  horlzonUil  strips  10  ft.  wide,  1%  Ins.  thick, 
spread  with  hot  rukos,  tamped  with  hot  Campers,  and  ironsd  with 
hot  smoothing  Irons.  Asphalt  was  hauled  i%  miles  and  delivered 
ut  a  temperature  of  S.IO".  While  the  asphalt  sheet  was  atlll  warm. 
anchor  spikes,  of  ii>i  x  1-ln,  strap  Iron  8  Ins.  long,  were  driven 
throush  the  asplmh  Into  the  bank  In  rows  1  ft.  apart-  Every  other 
row  was  driven  (lusb,  llie  aliemalo  rows  being  temporarily  left 
projecting  1  Vi  Ine..  to  serve  as  a  rest  for  2  X  4-ln.  strips  of  lumber, 
forming  aleps  for  the  workmen.  When  the  finishing  coat  came  10 
be  applied  these  spikes  were  driven  In  flush. 

The  bottom  was  coated  with  asphalt  1  In.  thick,  and  after 
tumping  was  rolled  with  a  cold  6-lon  steam  roller.  The  flnlshlng 
coat  of  refined  Trinidad  asphalt,  fluxed  with  residuum  oil,  was 
poured  on  hot  from  buckets  and  Ironed  with  smoothers  healed  to 
cherry  red.  When  flrst  applied  the  irons  produced  a  yellow  smoke. 
and  had  to  be  inoveil  rapidly,  but  thus  Only  could. a  good  tKilid  be 
secured  with  the  first  coat. 

The  cost  of  asplialcing  a  reservoir  having  a  bottom  area  of 
87.300  B<|.  ft.  and  a  side-slope  area  of  86,300  sq.  fL.  or  a  total  Of 
152,600  sq.  ft.,  was  as  follows: 

1,304  tons.   20%  asphalt  mastic,    80%  sand,  at  tt2 tlE.S4S.0D 

IE  tons,   13%  asphalt  mastlo,   )t5',i   sand,  at  (10 £80.00 

S6.21  tons  liquid  asphalt  I1u^-ed  with  oil,  at  110 3.448.10 

Fuel  for  huutins  Irons  and  tor  steam  roller 2Tfl.02 

Lights     3«,00 

Tools 17M.7B 

I'eglranH.    material   and   labor   of  cutting  and    dipping   In 

usplialt     6G0.D0 

Labor     1,921. GO 

Use  of  roller   6    days 80.00 

Total  for  152,600  sq.  fL,  at  14.94  cts.  per  sq.  ft, t22,;»3.6~ 

Mr.  Schuyler  Informs  me  that,  as  nearly  as  he  can  remember, 
men  were  paid  fl.'j  per  10-br.  day,  although  possibly  the  rate  was 
12  a  day. 

The  second  reservoir  was  lined  in  a  manner  similar  to  the  first. 
Just  described.  The  total  area  of  bottom  and  slopes  was  143,670  sq. 
It.,  which  required  l.lSt  short  tons  of  the  asplialt  and  sand  mix- 
ture for  the  first  coat:  and  as  this  mixture  weighed  1S7  lbs.  p«r 
cu.  ft.  after  compression,  the  average  thickness  was  l.El  Ins.,  re- 
quiring 16  lbs.  per  sq.  ft.  The  finishing  coat  was  %  to  <4-ln.  thick, 
and  required  1.24  lbs.  of  asphall  per  sq.  ft.  The  cost  of  UntiiK 
this  reservoir  was  as  follows; 

Cts.  per  sq.  ft 

UalerialH   for  first  cout g.R« 

Uaierlals   for  second   coat 2.48 

I^bor.  fuel,   spikes,    etc ].» 

Total   cost   of  both   coats 13.45 
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In  preparing  the  inasllc  tor  tHe  (Irst  coat  78%  of  la  Patera 
u^halt  and  22%  ot  Laa  Conchas  Hux  were  tjolled  tOKetLier  In  open 
kettlei  for  12  hrs.,  at  250°  to  300",  with  frequent  atirrtng.  Then 
26%  (by  weight)  of  thlB  muslli:  »ub  mixed  witli  80%  of  sand  lieuted 
to  300'.  a  cylinder  with  Strang  puddles  being  used  for  the  mlilng, 
which  took  about  2  mlna.  The  charge  whs  dumped  Into  a  carl, 
liauled  lo  the  reservoir  and  dumped  upon  a  wooden  platform,  and 
thence  taken  In  hot  scoops,  spread  and  raked.  Hoi  rollers  were 
then  used,  and  they  were  superior  lo  tamplnft  and  ironing.  Tlieae 
rollers  were  made  from  sections  of  cast  Iron  pipe,  turned  smooth  on 
the  outside,  and  fitted  Inside  with  a  hanging  basket  In  nhlch  a  fire 
was  maintained.  For  the  bottom  rolling  a  30-ln.  pipe  was  used : 
for  the  slopes  a  11-ln.  pipe,  nulled  wllh  a  %-frt.  wire  cable  pusslng; 
over  a  puller  at  the  top  of  the  slope,  was  used. 

Asphalt  as  a  reservoir  lining  possesses  several  advantages:  It 
will  not  crack  even  when  there  Is  considerable  settlement  of  tbe 
embankment.  If  cracks  do  occur  It  Is  easily  patched,  the  new 
material  uniting  perfectly  with  the  old. 

To  prevent  earth  from  crumbling  and  rolling  down  upon  the 
partly  completed  asphall.  It  Is  often  wise  to  plaster  the  earth  with 
a  mortar  of  sand,  cement  and  lime  to  a  thickness  of  nearly  1  In., 
Which  will  cost  about  ^  ct.  per  sq.  ft.  On  this  should  be  spread 
a  thin  coat  of  liquid  asphnlt  as  a  binder,  which  would  have  the 
additional  advantage  of  protecting  the  asphalt  from  ground  water. 
To  prevent  accumulated  ground  water  from  forcing  oft  tha  asptialt 
lining,  when  the  water  In  a  reservoir  Is  drawn  down.  It  Is  often 
necesaary  lo  provide  broken  stone  drains  back  of  the  lining.  These 
drains  may  be  led  to  a  receiving  well  connected  wllh  the  reservoir 
by    pipes    provided    with    valves    opening    automallcally    Into    the 


1 


Ice,  18  ins.  thick,  has  been  frozen  fast  to  the  asphalt  lining 
ail  around,  and  the  water  lowered  and  raised  again  3  or  4  ft  with- 
out damaging  the  lining  In  the  least. 

1  am  Informed  (September,  1S01)  by  Mr.  Oeo,  S.  Prince.  AssL 
Ch.  BngT.  the  Denver  Union  Water  Co.,  that  this  asphalt  lining  has 
not  been  durable.  "It  has  run  considerably  on  the  slopes  and  (his 
has  resulted  In  the  cracking  and  disintegrating  ol  the  asphalt  so 
that  considerable  expense  has  been  Involved  In  keeping  It  In  any- 
thing like  serviceable  condition  and  we  would  not  consider  using 
It  again   In   this  connection,    preferring   rather   to  employ   concrete 

C««t  of  Lining  a  Reservoir  With  Concrete.—Mr.  G.  L.  Christian 
gives  the  following:  In  laying  3.000  cu.  yds.  of  1:3:6  concrete. 
6  Ina  deep,  over  the  bottom  of  a  reservoir,  the  wages  paid  were: 
Foreman,  t2.&0  '•  laborers.  tl,35,  and  teams,  f  4  a  day.  The  cost 
of  blasting  the  rock  Is  not  Included,  but  the  cost  of  loading,  haul- 


HANDBOOK   OF  COST  DATA. 


fer  cti.  yd. 
..I  .af 


Natural  cement  

Loadlns  and  hauling  atone  to  crusher 25 

Idbor  at  crusher,  ut  |1.3d  a  dny 20 

Rent    of     crusher 01 

Coal  for  crusher OS 

Hauling  stona  from  oru«lier IB 

Foreman   of  concrete  gang 05 

LjiborerB  concreting,  at  f  1.3S SO 

Teams   concreting,   at    |4 08 

Total     »2.7« 

9%  for  Bupl..  timekeeper,   office  help,  etc H 

Tolnl     IJ.OO 

The  concrete  was  mixed  very  wet. 

Coat  of  a  ConcretB  Reservoir  Floor  at  Pittsburg,  Pa. — Mr.  Emlle 
Low  gives  the  foUowlne  data : 

The  floor  of  the  Highland  Ave.  Reservoir  at  Pittsburg,  Pa.,  was 
covered  In  1884  to  a  depth  of  s  tns.  with  concrete,  laid  on  a  clay 
puddle  foundation.  The  concrete  mortar  was  made  of  1  bbl.  natural 
cement  to  i  bbls.  Band,  mlied  to  a  thin  grout  In  wooden  boxes  stand- 
ing on  legs.  Five  barrels  of  stone  (standstone)  were  spread  on  a 
platform  of  2-ln.  plank.  10  x  IG  ft.,  and  the  grout  was  poured  over 
IC  the  whole  maaa  being  then  turned  over  three  times  with  shovels. 
then  deposited  to  the  depth  of  6  Ina  and  rsmmed.  The  stone  was 
quarried  and  hauled  20  miles  by  rail,  then  unloaded  Into  small 
cars  and  hauled  <^  mile  to  the  reservoir.  The  sand  was  obtained  In 
the  reservoir  limits,  and  cost  merely  the  work  of  excavation,  or 
1  W  ctB.  per  bushel. 

The  following  was  the  cost  of  two  days'  work : 

27  laborers,   2   days,   at   J1.25 172.90 

1  foreman,   Z  days,  at  12.50 .1.00 

Total,    101   cu.  yds,,  at  7"   ct». (77.80 

During  one  month  the  labor  cost  was: 

Total  cost. 

442  days,  laborers    at     11.35 tH6fi.7l) 

n  days,  water-boy,  at  flO  cts. 10.20 

22  days,  foreman,     at    t2.50 55.00 

Total,  1,302  cu.  yds.,  at  71'^  cts. 1931.90 

During  another  month  1,42B  cu.  yds.  were  laid  at  95  cts.  per  eu. 
yd.,  waxes  being  11.25  a  day. 

The  average  cost  of  the  7,(80  cu.  yds.  of  1  .  2 :  5  concrete  w*as : 
Per  fu.  yd. 

Quarrying  stone   %  ,  4.'> 

Transporting  stone   50 

Breaking  stone   (2Wi-ln.   ring) 35 

Hi  bbl.  natural  cement 1.80 

8  bu.   sand 10 

Water    05 

Labor   (wages  II.2B  a  day),  mixing  and  laying "5 

Incidentals    OB 

Total     $4.06 

The  Mntract  price  was  IS  per  cu.  yd. 
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Csit  of  Reaarvolr,  Forbei  HttI,  M>t>.— Mr,  C.  M.  Savllle  ghet 
the  rollowlng  relative  to  a  amall  reservoir  (Forbes  Hill)  at  Qulncy. 
Miiu.  holding  5,000,000  gals.  The  Uottom  la  108  x.  iHO  ft.,  unil  the 
MdeB  slope  I  lo  1^.  Tbe  lining  Is  concrete.  The  excavated  eartb 
was  used  to  build  tlie  batiks,  which  are  [7  ft.  wide  on  top. 
The  cost,  at  contract  prices,  was  as  follows: 

30.100  cu.  yds.  earth  exiravatlDn,  ut  (0.38 111,438 

Rock  eKcavatlon.   at   t'i.il) E2 

2,337  cu.  yds.  concrete,  at  »&.26  to  IS IS. 045 


S,82Z  sq.    yds.    plasterlne,   at    tO.! 
89B  Bq.    yda   granoHthlc  walk. 

Seeding    

Rolling;     . , , , 

Ulscellaneous  entras   


Total     130,463 

For  detailed  cost  of  the  concrete  lining  and  plastering,  see  the 
following  Bee  I  Ion. 

The  gate  chamber  cost  J7.7fl5. 

Cost  of  Concrete  Lining  and  Plaiterlne  a  Rsiarvolr,  Forbes  Hilt, 
Mats.~Mr.  C.  M.  Savlllt'  is  aulliorlty  for  the  following  COflt  duta 
on  the  Forbes  IIIll  Reservoir,  (julncy,  Mass..  built  by  contract  In 
1900-lSOl,  Common  laborers  were  paid  (1.50  per  10-hr.  day.  There 
were  four  classes  of  concrete  used,  and  their  Itemised  costs  were  as 
follows : 

Class  "A"  ;  Concrete  1 :  214  :  4. 

1.3:,  bbl,    Portland   cement,  nt    %i.27, JI.Ol 

0.4B  tu.    yd.    sund,   at   11.13 62 

0.74  cu.  yd.  stone,   at  »1,I3 84 

25  ft.  B,  M.  lumber  for  forms,  at  t^O.OO  per  M..     .SO 

Labor,  on   forms    59 

Labor,  mixing    and    placing 1.15 

Labor,  general    expenses    20 

Total    (279  cu.   yda)    per  cu.  yd (6.81 

Class  "B"  ;  Concrete  1 :  3  ;  «. 

1. 07  bbl,    Portland  cement,  ut    (2.23 (2,39 

0.44  cu.   yd,    sund,  ut   (1.13 60 

0.88  cu.  yd.  stone,  at  (1.13 93 

e%  ft.  B.  H.  lumber  for  forms,  ut  (2i).D0  per  M..     ,13 

Labor,  on  forms   21 

Labor,  mlxinx  and  placing    97 

Labor,  Ksnenil    expenses    IS 

Total   (284  cu.  yds.)  per  cu.  yd (5.34 

Class  "C"' ;    Concrete  1:2:5. 


sund.  ut   11.02 

.,.,  ™  ,_.  Jtone.  at  (1.67 

i>A   ft.  B.  M.  lumber,  ut  (20.00  per  M.. 
La^r,  on    forma     


Labor,  mixing  and   placing. . 
Labor,  general   < 
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floor  to  spring  llnp.  2  ft.  thick  tor  G  fL  below  the  spring  line  and 
3.33  1\.  thick  ut  the  bu«e.  The  root  arches  have  a  12  tL  clear  siian. 
iVi-tt.  rise,  und  ure  6  Ins.  thick  ut  the  crown.  The  earth  covering 
on  the  root  la  ^Vj  ft.  thick  ut  the  wulla  and  3  ft.  thick  at  the  center. 
The  centers  m«;d  in  building  the  concrete  root  cost  the  contractor 
231.4  cts.  per  sii.  tt.  If  used  only  once.  He  attempted  lo  use  theui 
»e\-era!  times,  but  the  braces  agalnat  some  of  the  brick  piers  wert 
careleasly  i-enioved  after  a  portion  of  the  centers  had  been  taken 
down,  and  the  lateral  thrust  of  the  concrete  arches  overthrew  the 
piers  and  i.-auae.i  ;i  loss  of  part  of  the  roof.  The  cost  of  the  reser- 
voir to  the  etiy  naa  »HI,415. 

Some  of  [he  Items  were  as  follows: 

3,446  cu.  yds.  earth   excavation, 
aid  cu.  yds.  rubble  masonry. 
503  cu.  yds.  concrete  masonry. 
61  cu.  yds.  brick  masonry. 
143  cu.  yds,  gravel  on  roof. 
431>  cu,  yds.  loam  on  roof. 
A  sli'el  ring  was  embedded  In  the  olrculnr  wall.     Tlie  weight  re- 
ijulrcd  for  such  u  steel  ring  Is  given  by  the  following  formula; 
■W=  0.912  D». 
D  being  the  diameter  of  reservoir  In  feet,  und  W  being  the  total 
weight  In  pounds.   Including  an  allowance  of  25%  for  slicing  anil 

In  Table  XV,  Mr.  Coffin  glvea  (he  estimated  cost  ot  covered  reser- 
voirs built  with  economic  dimensions,  and  of  the  same  general  de- 
sign as  tU>.-  one  at   Wellesle)',  Mass. 

Table  XV, — Cost  op  Covbrbd  Rebbhvoibb. 

CaKirlty  — Roimd  ReservolrB. —  .—Square  Reser^'olrs 

tiullons.      Ulam.      Deptlu  Cost,  Side.      Depth.  Cost 

350, OOU  flO  12  t   1,700  ei.B  11  %  4,800 

UUU.UUU  -r.  IB  7,»0U  «!>.&  14  8,100 

T5O.U0O  Sb  IT  10,500  7S.G  18  11.000 

1,000.000  HK  IS  13,lt00  8S.G  IT      ^      13,600 

1,350,000  106i»        1»  15.300  88,6  11  16.000 

1.500.000  llaVi        19  17.800  lOfi.O  18  18,400 

1,T50,000  ViV  31  2U.000  1 1 1.5  18  SI,T0O 

2,000,000  135  22  32,000  118.5  IB  22,900 

2,500,000  134  34  36.300  130.0  20  27,300 

3.000,000  144  3[>  30.200  142.5  20  31.600 

4,000,000  186*  3fi'  21,»00  133.5  23  38,5011 

5,000,000  186*  :!G*  45,600  16,'.*  25*  47,100 

•These  are  not  exactly  the  raoat  economic  dlmenrtons. 

The  nlKive  eailmatea  are  baiipd  upon  Ihp  roUowlng  unit  prices; 

Kiirth   exc'avatlon,    per   cu,    yd »  0.50 

Concrate  walls,  floors  and  pier  foundations i.ou 

Coni'rete   roof,   per   cu,    yd 8.5" 

Brickwork  In   piers.  |wr  cu,   yd 13.00 

Plastering    wails,    per    sq.    yd. 0.35 

Plastering  floor,    per  eq.    yd 0.15 

Gravel  on  root  archea,  per  cu.  yd 1,08 

Mlee!   ring,   per    lb 0.05 
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Co(t  of  Small  Covarad  Raiervolr,  Portaravllla,  Calif— Ur.  Phillip 
S.  Harrows  gives  the  following  data  relative  to  a  iOO.ODO-buI.  reser- 
voir built  la  1904  tor  the  waterworka  at  Porteraville.  Cal. 

The  work  waa  done  by  day  labor,  at  SO  eta.  per  tir.  The  reaer- 
volr  Is  50  tt.  diam.,  T  It.  deep,  lined  with  4  Ina.  ot  concrete  on  the 
bottom  and  12  Ina.  on  the  sldea.  It  is  roofed  With  2  x  10-ln. 
Btrlngera,  4  rt.  apart,  supporting  1^-ln.  plank.  The  ends  of  the 
BtrlnJKTH  rested  on  Uie  concrete  walls  and  on  an  S  x  ID-in,  girder 
which  ran  acrosa  the  center  of  the  reaervoir  and  was  supported  on 
a  pier  at  the  center.  The  excavated  material  waa  a  heavy  clay, 
loaded  with  picks  and  shovels  into  wagons.  The  excavation  aver- 
aged i  ft.  deep,  and  the  embankment  waa  1  ft.  high. 

The  cost  waa  aa  follows: 

330  cu.  yda  excavation,    ut   58.6   cts t    191. OS 

300  cu.  yda  hauled    %   mi.,  at  20.4  eta. 53.RC 

75  cu.  yds.  concrete   (labor,   I3.U3,  and  maienala,  15.31). 

at    (8.34    S24.74 

35  squares  plaster  flnlsh   at  tt.Si 102.45 

4.000  ft.  B.  M.  roof,  at  145.49 1S1.9S 

TrinuninK    outer     slopes 18.70 

Total     »1, 112.91 

The  plaster  labor  cost  tO.ST  per  square  on  the  bottom  and  tl.l2 
on  the  vertical  sides. 

The  roof  labor  cost  tl2.4t  per  M,  wages  of  carpenters  bvlng  fl 
to  t4.3T. 

Cost  of  ■  Covered  Ftelnforced  Concrete  Reservoir.— In  Gillette 
and  Hill's  "Concrete  Construction— Uethods  and  Cost."  pp.  589  tu 
597,  the  design  of  a  nnall,  square,  covered  reaervoir  (30x31  ft.)  Is 
given,  together  with  detailed  costs  and  methods  of 
which  the  following  is  a  very  brief  abatract.  The  r 
deep  and  holda  75,000  gala.  There  were  S80  lu.  ydi 
vation  and  83>cu.  yda  of  concrete.  The  cost  of  the 
Hi    bbls.    cement,    at    JI.12 


reinforcement. . 
10  ft.   B.   M.,  at 

forms 

Ijibor   on   concrete   and   steel.. 


Forms.    100   ft.    B.    M.,   at  (18.30.. 


Total     (15.62 

TTw  excavation  cost  the  contractor  90  cts.  per  cu.  yd. 
The  tola!  cost  of  the  reservoir  to  the  contractor  was  13.362,  but 
It  leaked  so  badly  that  lie  was  subsequently  compelled  to  excavate 
all  around  and  build  a  brick  wall  (1  brick  thick)  a  few  incher 
from  the  concrete  and  nil  In  between  with  rich  cement  mortar. 
This    additional    and   unexpected   work    cost    (1.240    for    labor    an<l 


Cost  «f  a   Covered  Reinforced  Concrete   Reaervoir,  Fort   Meade, 
8-  D.*— Mr.  Samuel  H.  Lea  gives  the  following: 

The  construction  of  a  500,000-gallon  reinforced  concrete  reservoir 

•EnglneeTinff-CtnitTacUtie,  Feb.    27,    1907. 
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iit  Fort  Ueade,  S.  D..  while  not  comprising  any  features  of  unuBuiil 
Interest,  was.  ncvertlieleiw,  an  Interesting  work  (rom  an  englneerinR 
as  well  as  an  economical  point  of  view.  The  writer,  who  was  In 
itlreet  charge  of  the  work,  believes  that  an  analysis  of  the  various 
Items  of  cost  and  a  brief  description  of  the  methods  employed  n-l]| 
be  of  Interest  to  engineers  and  others  interested  In  concrete  work. 
The  general  design  of  the  structure  was  (urnlshed  by  llif 
Quarteminster-General,  U,  S.  Army,  and  the  details  of  reinforcement 
were  worked  out  by  the  nrms  offiTlng  bids.  The  successful  bidder 
submitted  a  design  embodying  the  use  of  eipanded  metal  and  cor- 
rugated  bars,   this  form  of  reinforcement   being  furnished  by  the 


Pig.  !5.— Reinforced  Com 


St.  Loula  Eicpnnded  Metal  FlreprooHlng  Co.,  of  St.  I^uls.  Mo.  Aa 
shown  in  Fig,  2S,  the  reservoir  camprlses  two  compartineals  at 
equal  size,  divided  by  b.  partition  wall.  Bach  compartment  Is  SO  x 
60  ft..  Inside  dimensions,  with  rounded  corners.  The  roof  is  a  flat 
slab.  3  Ins.  thick,  resting  upon  girders,  these  girders  being  supported 
by  columns  of  a  square  cross-section. 

Aetn/orcement. — The  reinforcement  Is  rather  heavy,  especially  for 
the  walls.  As  the  latter  are  thin,  the  metal  reinforcement  Occupies 
a  relatively  large  portion  of  the  wall  space.  The  reinforcement  con- 
sists of  corrugated  bars  for  the  foollngB.  floor,  walls,  columns,  beams 
and  roof  girders,  and  expanded  metal  for  the  roof  slab.  The  bars 
were  of  four  different  sixes:  H-In.,  %-ln..  %-\ti.  ond  1-In.,  and  ol 
t  lengths,  \-arylng  according  to  the  location  where  used.    In 
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tlie  floor  the  relnforcemenl  consisted  of  ^t-tn,  bars  laid  crosswise  in 
jwo  layers  and  spaced  12  Ins,  apart  In  each  layer.  In  the  walls  the 
reinforcement  was  placed  close  to  both  Inner  and  outer  (aces.  Near 
Itie  Inner  lace  a  row  of  uprlslil.  %-ttl.  bars,  spaced  12  Ins.  between 
centers,  extended  tbe  entire  length  of  enclosing  and  partition  walla 
HorlEontal  ^-In,  bars,  24  Ina  lietween  centers,  were  placed  agalnai 
these  uprlKhts.  Near  the  outer  wall  face  K-ln.  upright  bars  were 
used,  spaced  3  Ins.  between  centers:  and  (he  horizontal  reinforce- 
ment was  of  'A-in.  bars,  24  ins.  between  centers.  In  the  footings 
two  layers  of  %-ln.  bars  were  used.  These  were  laid  crosswise  anil 
siHiced  e  laa.  apart  in  each  layer. 

Concrete, — The  speclllcatlons  required  broken  stone  of  bard  con- 
Blsiency.  not  larger  than  a  %-ln.  cube,  and  clean,  sharp  sand,  the 
composition  of  the  concrete  to  be  one  cement  to  two  sand  and  (our 
stone,  Theae  proportions  were  used  throughout  the  work.  Colo- 
nido  Portland  cement  was  used  (or  the  greater  part  o(  the  work. 
Towards  the  finish  a  carload  o(  lola,  KananH.  Portland  cement  was 
used.  Botli  cements  showed  up  well  under  frequent  tests  and  gave 
titellent  results  in  the  work.  The  sand  waa  obtained  from  a  pit 
about  three  miles  distant;  it  was  of  medium  quality  and  fairly 
clean.  The  stone  used  was  obtained  partly  from  a,  limestone  quarry 
situated  at  some  distance  from  the  reservoir  site;  but  the  greater 
portion  of  the  supply  waa  obtained  from  boulders  found  on  the 
surface  in  the  vicinity. 

KxcavaUon. — The  reservoir  was  built  so  that  about  halt  of  Its 
height  was  below  the  natural  level  of  the  ground.  The  excavation 
was  made  In  coarse  gravel  mixed  with  some  sand  and  clay,  the 
material  being  handled  with  teams  and  scrapera  The  force  em- 
ployed In  excavating  consisted  usually  of  four  or  six  teams  and 
about  the  same  numl>er  of  men  In  addition  to  the  drivers.  The 
men  were  paid  }2,&0  per  lo-hour  day  and  the  wag«  for  team  and 
driver  was  K  per  day.  A  portion  o(  the  material  was  removed  by 
drag  scrapers,  but  the  bulk  of  the  excavation,  consisting  o(  com- 
pact gravel  mixed  with  small  boulders,  required  the  use  of  wagons. 
The  material  was  loosened  by  plow  for  scraper  work  for  the  upper 
portion  of  the  excavation.  It  was  found  later,  however,  lliat  better 
headway  could  be  made  by  loosening  the  material  with  picks  and 
ahoveling  It  Into  wagon  by  hand.  The  total  volume  of  material  ex- 
<»wted  waa  S.276  cu.  yds.  at  a  cost  of  tl.tl4.7E,  or  i»  eta  per  cu. 
yd.,  divided  aa  follows; 

Per  cu.  yd. 

Loosening   and    loading    2U  cts. 

Hauline    and    depositing 2G  cts. 

Supervision,    tools,    etc 4  cts. 

Total     4B  eta. 

After  the  excavation  was  completed  the  bottom  of  the  pit  was 
compacted  with  a  heavy  roller,  then  the  evcavattons  for  wall  and 
column  footlUKB  were  carefully  made  by  hand. 

Concrete  Work. — The  concrete  was  mixed  by  hand  on  a  movable 
platform  ;    Its  composition  Is  given  above. 
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e  Kang  conslBtetl  of  (our  men  vho  were  each  paid  I2.7S 
per  day.  They  wheeled  the  materlHU  Crom  ihe  supply  piles  lo  the 
mixing  plaKorm,  mixed  the  concrete  and  deposited  It  In  place. 
During  [he  conatrucllon  of  the  footings  and  Boor  two  concrete  gungs 
were  employed,  but  after  the  walla  were  started  one  gang  only  was 
required  for  concrete  work ;  the  other  gang  wtts  then  put  to  work 
assisting  the  carpenters. 

The  sand  and  stone  were  wheeled  to  the  platform  In  Iron  wheel- 
barrows of  2H  cu.  ft.  capacity.  The  cement  was  In  ^4-bbl.  nocks 
and  each  sack  was  taken  as  I  cu.  ft.  Elach  batch  of  concrete  con- 
tained the  following  quantity  of  material : 

2Ki    socks    of    cement 2^i  cu.  ft 

2  wheelbarrows    of    sand S       cu.  ft, 

4  wheelbarrows   of   atone 10       Cu.IL 

The  quantities  of  snnd  and  stone  were  ndjiisled  so  as  to  form  the 
proper  proportion  tor  making  a  dense  i*oncrcte.  From  time  to  time 
ns  the  work  progressed,  experiments  were  made  by  the  writer  to  de- 
termine the  percentage  of  voids  both  In  the  san<I  nnd  the  crushed 
stone :  and.  In  this  way.  uniformity  In  composition  was  secured  for 
the  concrete.  The  mixture  was  made  quUe  wet  In  order  to  Insure  a 
free  flow  around  the  reinforcing  bars.  On  nccount  of  the  narrow 
space  Inside  Ihe  forms  and  the  number  of  reinforcing  biira  therein 
care  was  taken  to  cause  the  mixture  to  be  well  distributed  through- 
out. The  wet  concrete  was  well  spaded  in  an  effort  to  secure  a 
smooth  surface  next  to  tlia  forms.  This  was  generally  accom- 
plished, but  some  rough  places  which  showed  after  tbe  removal 
of  the  forme  required  patching  up. 

In  constructing  the  footings  some  concrete  was  first  deposited  In 
place  and  the  meul  reinforcement  was  embedded  therein.  For  the 
floor  reinforcement  the  lower  bars  were  carefully  embedded  In  the 
concrete  after  It  hod  been  brought  to  a  suitable  height :  the  upper 
bars  were  then  placed  crosswise  upon  Hip  lower  ones  and  kept  In 
position  until  the  remainder  of  the  conrrete  h.id  been  deposited 
around  and  over  them.  In  the  wall  footings  n  depression  or  groove, 
several  Inches  deep,  was  left  under  the  wall  space  for  Us  enlir« 
length.    This  Insured  a  good  bond  between  the  wall  proper  and  th« 

The  concrete  Hoor  In  each  compartment  was  hullt  In  one  con- 
tinuous operation,  the  object  being  lo  secure  a  practically  monolithic 
construction.  The  lower  reinforcing  bars  In  Ihe  fioor  were  em- 
bedded ftt  the  proper  depth  In  the  fresh  concrete  nnd  the  upper 
bars  were  then  placed  crosswise  upon  the  lower  ones ;  the  two  sets 
were  then  wired  together  at  a  sufllolent  number  of  places  to  pre- 
vent displacement  while  the  remaining  concrcle  was  being  deposited 
around  and  over  them. 

Flocing  HelttforcemBnf.— The  reinforcement  for  the  walls  and  col- 
umns was  erected  in  place  upon  Ihe  footings  and  formed  a  steel 
rttoleton  around  which  Ihe  forms  were  erected.  The  upright  bars  In 
the  walls  were  held  together  and  nt  the  proper  distance  apart  by 
means  of  templets  consisting  of  wooden  strips  in  which  holes  Were 
bored   at   suitable   Intervals   to  receive   the   bars.     These  templets 
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were  maintained  In  a  horfionCal  position  and  were  moved  upward  aa 
the  concrete  advanced  In  height.  The  horizontal  reinforcing  bars 
were  wired  in  place  to  the  upright  barsi  they  were  placed  In  posi- 
tion ahead  of  the  concreting  at  the  wall  wan  built  up. 

The  corrugaled  bars  la  beam  and  girders  were  placed  la  position 
In  Ihe  forms  and  held  up  by  blocks  which  were  removed  as  the 
forms  were  filled  with  concrete.  The  expanded  metal  reinforcement 
for  the  roof  slab  was  placed  bo  as  to  be  close  to  the  lower  face  of 
the  Blab,  but  far  enough  up  to  be  entirely  enveloped  In  the  concrete. 

Form  ConatrucUon. — The  wall  forms  were  made  or  I-ln.  planks, 
surfaced  on  the  Inner  side  and  placed  horizontally  on  edge.  They 
were  held  In  place  by  4  x  4'ln.  pasts  sjiaced  At  Intervals  of  about 
4  ft..  In  pairs  on  opposite  sides  of  Ihe  wall.  The  poBls  were  firmly 
braced  on  the  outside ;  they  were  prevented  from  spreading  by  con- 
necting wires  passing  through  the  wall  space  between  the  edges  of 
adjacent  planks.  At  the  rounded  eomers  of  the  reservoir  the  pairs 
of  posts  were  spaced  about  two  feet  apart  and  the  cune  was  made 
by  sprlnglDg  thin  boards  into  place  to  fit  the  curve  and  nailing  them 
to  the  posts.  Tlie  posts  were  high  enough  lo  reach  lo  the  top  of  the 
wall;  the  sldlns  was  built  up  one  plank  at  a  time  as  the  concrete 
work  progressed.  Column  forms  were  made  of  2'ln.  planks  on  end. 
extending  from  fioor  lo  girder.  Three  sides  were  enclosed  and  one 
side  was  left  open  to  receive  the  concrete;  this  side  was  closed 
up  as  the  concreting  advanced  In  height. 

The  beam  and  girder  forms  were  open  troughs  of  the  required 
dimensions,  made  of  2-in.  plank,  surfaced  on  inner  tacea  The  form 
Of  centering  for  the  roof  slab  consisted  of  a  smooth,  tight  floor  of 
3-ln.  planks,  extending  betwet-n  the  open  tops  of  rolumn,  beam  and 
girder  forms  over  the  entire  area  between  encloalng  walls  of  Ihe 
reservoir.  The  centering  and  the  beam  and  girder  forms  were 
supponed  by  6  x  $-ln.  posts  resting  upon  the  floor  below. 

The  regular  carpenter  gang  consisted  of  a  foreman  carpenter  al 
%i  per  day.  a  carpenter  at  }a.50  per  day,  and  two  helpers  at  tZ.7^ 
per  day.  During  the  early  concrete  work  of  making  footings  and 
floor,  where  forms  were  not  required,  the  carpenter  force  was  em- 
ployed In  erecting  the  steel  skeleton  for  the  walls.  The  upright  bars 
were  placed  In  position  and  secured  by  temporary  wooden  stnys  ex- 
tending from  the  upper  portion  of  bars  to  the  surface  of  ground 
outside  of  encavatlon.  These  slays  were  removed  after  concreting 
had  advanced  to  a  sulficient  height   to  hold .  th4  steel   securely   In 

Coat  of  Concrete  Work. — The  wages  paid  the  concrete  gang  which 
mixed  and  placed  all  the  concrete  and  the  carpenter  gang  which 
constructed  and  erected  the  forms  and  placed  the  reinforcement 
have  been  given  above.  The  costs  of  construction  materials  on  the 
site  were: 

Cement,    per    barrel f  2.ET 

Band,    per    cu.    yd 1.80 

Stone,   per   cu,    yd a.ir. 

lAUnber,  per  M  ft.   B.   M 27.50 
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The   quantities    In    the    completed    concr 

Total  volume  of  concreie  in   rewrvolr 704.71 


Total  volume  of  material  In  completed  structure. 710.28 
Volume    of    material    In    atruoture    exclusive    of 

roof    Blab    84g.3E 

Volume  of  material  In  roof  slab SI. 93 

Total     710^ 

The  cost  of  the  structure  per  cubic  yard  of  concrete,  exclusive 
of  the  roof  Hlab,   ivas  as  follows: 

Item.  Per  cu.  yd. 

Crushed    stone    1  3.168 

Sand     .8« 

Kelnforcement      4.9G9 

Labor,    mixing  and   plnclne  concrete 1.7S1 

forms,    labor   and    materliil 3.960 

Total     117.609 

In  construi'ting  the  roof  slab  the  expanded  metal  reinforcement 
raised  the  unit  cost.    For  Ihla  portion  of  the  work  the  coati  irere: 
Item.  Percu.  yd. 

Expanded    metal    reinforcement, ,,.,,.., t  G.S41 

Other   items,    same    ua  above lE.SeO 

Total      117.791 

Plaalering  and  WaterprooflnS' — According'  to  the  requirements  of 
the  speclAcatlons  the  floor  and  the  Inside  surface  of  reaervolr  walla 
were  covered  with  a  coating  of  cement  mortar  composed  of  one  part 
Portland  cement  and  one  part  sand.  The  wall  plasterlnK  was  from 
4  In.  to  ?«-ln.  thick:  II  was  applied  In  two  coats.  The  door  Dnl^ 
wna  laid  In  alternate  strips  about  1  In.  thick  and  S  ft.  wide.  After 
the  HtrlpB  flrst  laid  had  hardened  the  rematnlns  strips  were  laid, 
the  edges  being  grouted  to  Insure  tight  Joints. 

The  outside  of  walls  and  roof  was  covered  with  a  coating  of  uir 
whioli  w:>s  heated  In  an  open  kettle  to  a  temperature  of  about  itH' 
F.  and  then  applied  with  a  brush  or  mop. 

The  cost  of  wall  and  door  plastering  was  44.4  cts.  per  Bquare  yard. 
Itemised  as  follows: 

Cement     2tA  ctsi 

Band     t.«  eta. 

Ljtbor      15.4  cts. 

Total     44.4  cts. 

The  cost  of  outside  waterproofllng  was  4  cts.  per  square  yard,  dis- 
tributed as  follows : 

HaterUI    2.6  ota. 

Total    4.0  cts. 

BacklUUnff. — The  entire  structure,  after  completion,  was  covered 
with  earth  to  a  depth  of  Z  ft.  above  the  roof,  sloping  on  all  rides 
to  the  natural  surface  of  the  ground.  The  earth  composing  this 
Ul  waa  bandied   by  means  of   teams  and  scrapera;    this  method 
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The  backfill  gang  consisted  o(  four  teams  and  Irom  four  lo  alfi 
laborers  In  addltloD  to  tha  drivers.  Drag  scrupers  ware  used  to 
move  the  material  from  the  spoil  banks  and  pluce  It  over  and 
around  the  reservoir.  Part  of  the  material  whb  Bide  dumped  from 
runways  and  shoveled  to  place  between  the  walla  of  reservoir  and 
«ldes  of  excavation.  This  material  was  cnretully  tamped  and 
compsfled  as  the  HIIInK  progressed.  The  wage  of  team  and  driver 
was  IE  per  day,  and  for  laborers  for  this  work.  12.50  per  day  ot  tra 

The  amount  of  backfllllnK  was  Z.D39  cu.  yds.  and  Its  cost  was  SO 
cla  per  cubic  yard,  distributed  as  follows: 

Loosenlns  and   loading  materials 12  cIK 

Hauling    and    deposltlns IT  cts. 

Supen-Tfllon,     tools,     etc 1  ct. 

Total     30  cts. 

Summarv  of  Costa. — Tlia  total  cost  of  the  completed  reservoir,  OK- 

cluKlVB  of  pipe  connections  with  water  mains,  was  |15,06S.7S.     The 

cost  ot  the  various  Items  was  distributed  as  follows : 

Main' structure,  «48.36  cu.  yds.,  at  jn.609.  ,(11.351.»« 

Roof  slab.    SI. 93   cu.   yds.,   nt    (17.91 1,101. IS 

Ventilators,  doors,  stepping  Irons,  etc 164.08 

Plastering.  1.617  sq.  yds.,  at  44.4  eta 173.08 

Waterprooflng.  1.28&  sq.  yds.,  at  4  cts. SI. 40 

Excavation,  2,275  cu.  yds.,  at  49  cts. 1,114,T6 

Back  All.  2.039  cu.  yds.,  at  30  cts. Gil. TO 

Total    Ha.00b.78 

While  some   of  the  cost  Items  are  apparently  hl(^   when  com- 
pared with  the  cost  of  similar  work  in  other  places.   It  should  be 
remembered  that  the  Isolated  locality  and  the  local  conditions  were 
unfavorable  for  low  cost.     Owing  to   the  Isolated  location  of  the 
reservoir  with  respect  lo  targe  markets  and  also  to  local  sources  ot 
supply  the  cost  of  material  and   labor  was  quite  high.     All  con- 
struction material,  except  some  ot  the  atone  for  crushing,  had  to  be 
hauled  over  a  mountain  road  from  3  to  4  miles  to  the  top  ot  tha  hill 
selected  (or  the  reservoir  site.      labor  was  scarce  and  commanded 
a  wage  ot  J2.S0   per  day  for  ordinary  work;    the  laborers  mixing 
concrete  were  paid  IS.TQ   per  day.      Another  source  of  considerable 
expense   was   the   high  cost   of  lumber  and  carpenter  work   on    the 
forms.     On  account  ot  the  thinness  of  the  walls  and  roof,  the  cost 
of  lumber  and  labor  required  per  cubic  yard  of  concrete  was  consid- 
erable.     A  part  of  the  lumber  wns  used  the  second  time  In  forms.  | 
but  It  was  found  impracticable  to  delay  the  work  by  waiting  for  the  i 
concrete  to  harden   before  beginning  the  new  portions  of  the  walls.  | 
This  lumber  was  sold  after  the  completion  of  the  work,  but  Che  sal-  | 
vage  was  Inconsiderable,  amounting  to  less  than  10  per  cent  of  the  i 
original  coat. 

The  writer  kept  a  record  ot  coat  of  the  various  items  of  material 
and   labor  entering  into   the   construction  ot  tnis  reservoir.     This  I 
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record  was  verified  by  coniparlBon  wUh  the  vouohprs  nml  pay  rolla 
oC  the  contractor  and  waa  made  aa  complete  and  accurate  as  poa- 
Btbte.  From  these  data  the  above  ntatementa  Of  construction  COBL 
have  been  compiled. 

Colt  of  Concrete  neiervoir,  PDmoni,  Cal.* — Mr.  Charles  Klrby 
Fox  glvcH  the  following: 

The  concrete  reservoir  herein  described  was  erected  in  the  sum- 
mer of  I?04  on  Point  Lookout,  Oanesha  Park.  Pomona,  Cal.  It  waa 
designed  by  Mr.  Geo,  P.  Robinson,  City  Engineer,  and  Mr.  Albert 
Simmons  had  the  contract.  The  writer  was  In  direct  charge  of 
construction. 

The  reservoir  Is  oval  In  form  (Fig.  26),  being  7J.7  ft.  by  10.7  fL 
over  all.     It  Is  12  ft.  deep  and  the  floor  has  a  slight  slope  to  the 


Blulce  boK.  Iron  ladders  are  placed  In  each  of  the  quarter  points. 
The  Inlet  and  overflow  pipes  nre  near  the  top  of  the  walls,  the  dls- 
fharge  pipe  Is  12  ins.  above  the  bottom  of  the  reservoir  and  the 
sluice  pipe  is  set  In  a  bowl   J  ft.  In  diameter  and  4  Ins.  deep.     Ii  la 

The  walls  (Fig.  27)  are  12  (t.  high.  They  were  designed  to  be 
S  ins.  thick  at  the  lop  and  15  Ins.  thick  i.t  the  bottom  and  to  be 
connected  with  the  bottom  of  the  reservoir  with  a  12-ln.  radliia. 
The  bottom  Is  4  Ins.  thick.  Before  the  walls  were  started  It  was 
dfclded  to  add  a  6  x  30-ln.  ring  to  the  outside  of  the  top,  making  ths 


'Enoit^tering-Contrattino,  April  IB,  1908, 


IVATER-H'ORKS.  785 

top  n  Ina.   wide.     The  Joint  connecting  tlie  walls  with  the  botlom 
was  put  tn  about  12  Ins.  from  Ihe  Inside  edge  o[  the  radius. 

Around    the  sluices  and   Inlet   and  outlet  pipes  u   larger  mass  o( 
concrete   was   used.      The   finish    was    Vj-ln.    thick   and    was   water- 

The  contmct  price  of  the  reservoir  was tl,62B.0O 

Bxtru  concrete  In  rlns.   S.3  cu.   yds GO.RO 

Exint    valve.    Bcrews,    etc 16.00 

tl.TOl.ttO 

Include    iTilve   bos    rhanRod $       2!j.00 

Cost    ol    reservoir 1,728.90 

Excavation. — The  greater  i>art  o(  the  excavation  of  the  oval,  about 
71  X  10  (t..  and  the  tunnel  was  done  Uy  the  city  by  force  account.    I 


servolr  Wall. 

have  no  records  of  the  costs  o(  thla  part  oI  the  work.  The  ci 
iractor  trimmed  down  the  sides  and  bottom  of  the  reservoir.  In 
about  5,000  sq.  ft.,  at  a  cost  of  $71.60.  or  H^  cts,  per  sq.  (t. 

/'(pes.  Valves,  Blc— The  pipes,  valves,  etc.,  aa  provided  In  l 
■peciflcatlons  cost  $455.52  and  the  extra  valve  sets  Inalalled  c 
Jlfi.  The  laying  of  the  pipe  cost  $9.70.  The  tunnel  excavation 
get  down  to  grade  coat  $&2.a8,  making  a  total  of  $533.60.  T. 
includes  5  6-ln.  Ludlow  valves,  270  lln.  ft.  of  heavy  6-in.  cast-ii 
pipe  and  SO  ft.  of  6-itt,  vltrltled  pipe,  all  Installed. 

Cteanlna  Up  — The  contractor  mixed  the  concrete  for  the  Wii 
on  the  door  of  the  reservoir  and  to  clean  out  his  old  concrelt  C' 
hltn  (22.23.  The  final  clean  up  coat  him  $7.0».  making  a  total  c 
for  cleaning  up  of  $29.25. 
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Concrete. — The  concrete  was  speclOed  to  be  I  part  cement,  2  parts 
sand  and  i  parts  travel  (pea  sice  to  :!-1n.  ring).  As  put  In.  n 
cement-barrel  was  filletl  anil  emptied  six  clmeB  with  the  bin  run 
of  snnd  iin<]  Ki'avet  .tni)  tour  sacks  of  cement  <l  bbt.)  were  emptied 
on  top  at  It;   it  was  then  turned  wet.    The  costs  per  cu.  yd.  were; 

L-ibor     J1.09 

Cement.    1.08   bbl.,  at   J3.   ilellver«l 3.23 

SiLnd  and  ertivel.  at  f  1.  ■ . . ; 0.93 

Water  (had   to  be  pumped) 0.34 

Forme,    labor    and    lumber 0.7S 

Total     »6.36 

The  wages  paid  labor  were  tl.'a  and  (3  per  day.  foreman  mason 

H  per  diiy.     Carpenters  were  paid  43  ct&  per  hour  and  lumber  eost 

%:\3  per  M  ft.  B.  M.     A  S-hour  day  was  worked. 
Finish. —The   U-ln.   tlniah  was  specified  to  t>e  1 :  1,  but  that  dl<l 

proofed.      It  waa  mixed  very  thoroughly  with  35  lbs.  alum  at  S  cts. 

per  lb.,  and  then  the  water,  containing  35  lbs.  good  poiaslk  soap  per 

.'uhlc  yard  of  mortar  was  added.     The  finish  cost; 

Pi  r  ru.  yd. 

MnterialB     »H.4S 

l^ibor.    mixing   and    applying 11.9(1 

Total     126.35 

On    the    finishing    there   were    two    masons   nt    (4    piasterlne   and 
enough    laborers    to    ke<^    them    supplied    with    mortar.      The    com- 
pleted floor  cost  9   ctn  per  Bti.  ft. 
Summary  of  costs: 

Cement,  nt    13   per  bbl, . .  > %    481.50 

Sand,    at    tl    per    cu.    yd 113.10 

Snap  and  alum,  at   G  ctn.  ppi-  lb 31.00 

Water    43.00 

Timber     30.00 

l^bor    and    siiperlntendenoe 361.35 

llpo    laying    (contrail    priit) 633.60 

Total      (1,583,75 

The  reservoir  has  now  been  in  use  3''j  years  and  has  given  excel- 
lent satlsfaclion.  Only  a  few  hair  cracks  have  appeared  on  the 
»urf!ice  and  none  of  the  plaster  has  sealed  off. 

Co(t  of  Storage  Reservoir,  Hageritown,  Md.* — In  11)02-1  the 
water  supply  of  Ilagerstown,  Md,,  was  Improve*!  by  the  construc- 
tion of  a  storage  reservoir  to  Impound  the  waters  of  the  two  Wreama 
known  as  Warner's  Hollow  Creek  and  Raven  Rock  Creek.  The 
works  were  designed  and  constructed  by  the  American  Pipe  Manu- 
facturing Co.,  of  Philadelphia.  Pa,.  Mr.  J.  W,  Ledoux.  M.  Am.  Soc. 
C.  E„  Chief  Engineer. 

Earth  Dnm  nnd  ArreaanHpi. — The  gem^rat  construction  of  the 
earth  dam  is  shown  by  the  section  of  Fig.  28.     Owing  to  scurclly  of 

•Eiiffi»eer(na.ConIrac(inj7,   Ocl.    10.    ItlOfi. 


WATER'tCORKS. 


Section       along       Auxiliafv       Main 
FlB.    28,^Seotlon9  of  Earth  Dam. 
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available  material  only  Ihe  upstream  half  o(  the  dam  and  the  puddle 
walls  were  made  of  selected  material ;  the  downstream  half  ol 
tlie  dam  was  made  of  earth  and  loose  rock.  Tlie  main  puddle  wall 
varied  from  S  to  10  It.  In  width  and  [rom  G  to  20  ft.  In  depth,  and 
contulni'd  I.E02  cu.  yds.  of  material  ;  the  secondary  puddle  wall  was 
narrower  and  shallower,  iontulning  only  712  eu.  yds.  of  material. 
Bolli  slopes  of  the  dam  are  Hprupped  and  It  is  pierced  by  a  SU-ln. 
ciisl-iron  pipe  blow-oft  and  two  12-lii.  cast-iron  supply  malna  There 
was  also  some  1,!XS  cu.  yds,  of  3>^-tL  thick  dry  rubble  retalnlnE 
wall  built  In  connection  wuii  the  dam  work.  The  costs  of  these 
several  Itrms  of  the  dam  work  are  given  from  figures  furnished  by 
Ur,  lieiloux,  as  follows: 

Oom.w-Tliere  were  93,200  cu.  yds.  of  embankment  built  at  n  total 
cost  or  160, :;2:,  or  T0.65  per  cu.  yd.  The  several  Items  of  cost  trere 
as  follows : 

Iloms,  Per  cu.  yd, 

Foreman    JO.Oijn 

Hauling;     0.2fi!H 

Ljibor     0,ii52 

■     Inkling     O.um 


Picklni 

Toijl'™  bla 

Super  In  tendeni 


Tola 


RIp-raii. — The  ombiinkment  slopes  were  rip-rapped  with  stones 
of  Vj  cu,  ft.  or  less,  plui'ed  by  hand  to  fairly  uniform  thlcknesH.  after 
which  broken  stone  ot  3  or  <-ln,  sizes  were  spread  on  top  and 
trirameil  to  nn  even  slope.  Altogether  3.844  cu.  yds,  ot  rip-rap  stone 
and  l,SS2  cu.  yds  of  hroken  stone  were  placed  at  a  cost  of 
tS,D.'J1l.6»,  or  |0,SS4  per  en.  yd. 

PHihlle  Wolls,— The  two  puddle  walls  aggregated  2.3U  cu.  yda 
of  puddh-,  the  main  wall  having  1,802  cu,  yda  and  (he  secondary 
wall  712  cu.  yds.  The  puddle  was  deposited  loose  and  then  Hooded 
with  water  and  Irampod  oy  men  wilh  rubber  boots.  When  Ihe 
top' of  ilie  puddle  reached  a  ;evel  about  3  ft.  from  Ihe  natural  surfiice 
of  Ihe  ground  Ihe  amount  of  water  was  dlmlnlsheil  to  just  enough 
to  permit  the  cUiy  to  be  lampeil  with  rnnimcrs  weighing  about  20 
lbs.      Tiie  cost  of  tiic  puddle  walls  wnfl  us  follows: 

No.    3.  Percu.yd. 

1.802    cu,    yds.    exc-avntlon tl.O! 

Plaiing    pu<lille    ".SO 

Tools,  etc o.is 

Total     12.10 

No.  2. 

712  I'U.  vds.  exnavaHon *0.9» 

Placing    pllJilli-     0.80 

c"niHh."l    slone   In   pmldle 0.2S 

Pumi'lne,    tools,    etr ".4" 

Total     S-.4' 
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" 

Total. 

Percu-yd. 

Ory  retaining  wan,   1.286  . 

m  yd*..... 
:u.  yds..... 

..t    2SJ.34 

»fi.04 

aalt  Boute.—'The  gate  hoot 

le  cost  J951 

.76.  made  i 

IP  of  the  toU 

Concr.te,    BM    eu,    yda. . . . 

Broken   range  masonry,   2( 
RW    tile    root,   complete.. 

Total     

yua';:'::: 

I  cu.  yos... 

..     t   13.20 
'.'.       53j]o7 

..     »9  51.76 

•lit 

23.07 

BVrm-Ott  Pipe. — The   30-ln.   caat-lron   blow-off  pipe   through 
dam  coat  (1.761. 79,  or  %5.9t  per  lln,  tt.  made  up  of  the  follon 

Items.                                                                     Per  IJii.  ft. 
Pipe     »^.^)0 


i.lT 

Total     15.76 

8t><nua!/. — The  spillway  contalneO  1,224  cu.  yds.  of  1;3:E  con- 
crete masonry.  Its  total  cost  was  }!I,S20.42,  mode  up  ol  the  follow- 
ing Items: 


Timber,   crib  £ 
Total   


.  yd.,  mads 


Item.                                                                                  Percuyd. 
Cement.    4.B2     bags 1 1.795 


'ools,    (orma,    etc 0.641 

Total     »5.248 

I  Rock  Creek  Intake, — To  bring  the  water  from  Ritven  Rock 
>  the  main  storage  reservoir  a  masonry  Intake  dam  was  con- 
on  that  stream,  and  from  this  dam  a  30-ln.  terra  cotta  pipe 
!  constructed  to  the  storage  reservoir.  The  cost  of  the  Intake 
B  13,223.39.     The  Itemized  cost  of  the  masonry  work  was: 


Excavation.  145  c 
Rubble  mosonn-. 
Concrete  coping,   : 
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P,T: -;r  " 

CPment   Cor   Joints *ni?- 

Jute   (or  Joints SJii 

Trench,    tools,    etc '.'■'.'.'.'.'.'.'.'.'.'.'. j  370 

^'"•'  '.'.'.'.USi 

anttua  o«l  Clrarl,|,.-TH  nimlr  .n.  of  It.l  «™  baa  u, 
w^r,  l^tr^w\^^1^  Z"  K,"''  '^"  """"P*  Bnibbed  up.  The  tre«g 
Zl^S^  X  }      removed  by  blaeting.    A  force  of  about  20  men  wue 

r.-".vrr<f.."'boT,e:feorAeL'"  r.:r  r'b£ 

lOBfl  were  laid  horizontally  arroa.  stream    one  abo,.t  t  rt.u         .u 
bottom  ot  the  stream  and  the  other  ,ibn,»'fi  fi    T?      ,3^";^»l"'^e  'ho 

S°   h.7VS  'OB'  »>'•  ■Pikecl  «-ln.  limber.  reu:htos  dowu  to 

be  obUIoea  ou  the  «,e-eh..tbbl.  o.l  or  eprbee.  Wlrli,  He Vo ,k  "„ 
6  ft.  of  reclBOKuIar 


trough,  eomooeed  of  three  12.tn.  posts  nailed  "together  und  lald"at  a 

Su^hl.;  msST'or  ??"ir'"*  ,;'•■;""  ■"■  "»"-"■  ^- 

ir\)ugn  coat  fsua.us,  or  17.1  eta  per  lln.  ft. 

Cost  of  a  Wooden  Coverino  for  Reservoir,  Qulncy.  til-Mr  rmn 
R.  Gwlnn  gives  the  following:  ''  ^-  ^° 

Tb.  ..servolr  wa.  tlj  .  ,„  ,t  at  top.  :<  ft  d«p.  mslde  Uo,.. 
IW  CO  1.  A  vegetable  growth  had  given  much  trouble,  so  tM 
reservoir  was  rooted  over  In  1S9S  ai  a  t^st  of  t  eta  oer  «  T  l^t 
prlee  .,  lumber  being  .1  tbet   „„e  o.i,   .  1  =    „r„%Sre  ^S' 

™i. ., ,, « "■  T' '%.'  "'  "■  "■ '"  "■  "■'■  ■-■  »■"'»' 

nails  ot  Il.II  per   keg.      The  pedeeul  pi,r.  „r  fouodatlon.  for  the 

trt'on",';,  h'; t ".' "'  "■■ "  '"■■  «■■ "  •"•  »■"■  ■•  ■"'  •' 
,..  eta  I'.i'.Tri  iTm'  dCr.'r.'rret"'.:';  "-"•"'»■■ 

capped 


;i'"ft'T;"th"e  oV,; ™.'" '!:;  ™".''. ". "■ .'" .°"  «'"•"«» 


girdera  IS  ft 

ere  It  ft  long  spaeed  4  ft.  c.  to  c.  ;   and  on  the  string 

l-Iii.   rooflng   boards    (1  x  10  In.  a  1«  ft).     These   heart 


laid  2  X  6-in.  Joists  or  string- 

;;',»  '."■?"  'S'""  "«'•'"■"•  ni"  °Th~  "oS."wm  itl'd 
OTMhl"     '"°  sunlight  tnun   the  eraeka  a.  much  as 

™°,  """a*  *""  '»™  "•"  "•""  '"'■  '""lened  together  on  the 
ground,   artd  sway  brneed  with   two  br.ee.  of  J  x  0.  and  tb«,  up- 

T,y  .,  ,1  r"  "  "'"■°'  ■"'  '""  "■•  """B'eled  pan  of  tS. 
;^'.  ;  a  .  «•'  "I"-"  '"•  '">:  "">  Inl".  heln,  thus  htid  upon, 
and  nallsd  to.  eaeh  end  of  the  enp.  to  serve  as  walking  pbtnks  for 
the  workmen.     The  Joi.ls  were  th.o  spaeed  properly  iy  «„,"; 
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eagis.  and  than  braced  with  2  x  *-ln.  "bridBlng."  White  phie  wna 
used  Uiroughout.  all  the  dimension  stuff  being  No.  1,  and  the  roof- 
Ing  boaids  No.  Z.    Of  the  total  surface  of  the  roof,  25%  la  trap  doors. 

In  [lie  section  on  Tlmberwork  will  be  found  further  data  on  the 
cost  ol  wooden  coverings  (or  reservoir.  See  the  Index  under  "Tlm- 
berwork.   reservoir   roof." 

Cost  of  a  Reservoir  Embankment. — The  Tabeaud  Dam  In  Call- 
rornla  la  an  earth  embankment  100  ft.  high,  contalnlnf;  iI7U.OaO  cu. 
yds.    of  embankment      Mr.    Burr    Bassetl    Is  authority   for  the  lol' 

The  dam  wag  built  by  contract  In  1901,  the  contract  price  being 
to  cts.  per  cu.  yd.  During  the  months  of  August,  September  and 
October  more  than  a.Ooo  cu.  yds.  were  built  per  working  day 
(51,000  cu.  yda  per  month).  Mr.  Baasell  states  that  the  maximum 
force  was  235  men  and  ilt  horses  and  mulea  Fresno  scrapers 
were  used  to  load  wagons  through  "trape."  There  were  4  horses 
on  each  fresno  and  4  horses  on  each  wagon.  Assuming  |1.S0  per 
day  for  laborers  and  tl.OO  per  day  for  horses,  we  have  a  dally  cost 
of  fTie.  or  nearly  36  cts.  per  cu.  yd.,  the  output  being  2,900  cu.  yds. 
per  day.  The  wagons,  tools,  etc,  (exclusive  of  horses)  were  worth 
about  lie, 000.  Allowing  3%  per  month  for  Interest,  depreciation 
and  repatra  the  daily  plant  charge  would  be  about  120,  or  1  cL  per 
cu.  yd.  Allowing  5%  for  general  supervision  and  overhead  charges, 
we  have  nearly  2  cts.  more  per  cu.  yd.,  or  a  total  cost  of  39  cts. 
per  cu.  yd. 

The  average  haul  was  14  mile. 

The  earth  (a  ciay  mixed  with  gravel)  was  spread  In  B-ln.  layers, 
sprinkled  and  rolled.  To  spread  the  3,000  cu.  yda.  of  embankment 
daily,  there  were  3  road  graders  operated  by  G  liorsea  and  2  men 
on  each  grader.  There  were  2  rollers,  each  operated  by  6  horses 
and  one  driver.  There  were  Z  harrows,  and,  while  Mr.  Baaaell  does 
noi  so  state,  presumably  4  horses  and  a  driver  to  each  harrow.  At 
tl.SO  per  10  hr.  day  tor  each  man  and  tl  for  each  horse,  we  have 
followinB  cost: 

Spreading     l.fi 

Sprinkling      0.8 

Harrowing     O.G 

Rolling     o.s 

Total     3.7 

Ivoadlng   and    hauling    32.3 

General    expense    (estimated)     3,0 

Plant    charge    (estimated)     l.u 

Total      3S.0 

Test  pita  dug  In  this  dam  showed  a  weight  of  133  lbs,  per  cu.  ft. 
of  compacted  earth. 

The  above  given  yardage  relates  to  the  yardage  in  the  embank- 
ment, not  in  the  barrow  pits. 

The  ratea  of  wages  are  merely  assumed  for  Illustration.  It  Is 
probable  thnt  Ltborers  received  t2  per  day  at  Chat  time  and  place. 
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Cost  of  a  Concrete  core.  W»II.'— This  article  covers  the  corntmc- 
tioti  ol  2,1S4  It.  of  L'ore  wall,  being  a  portion  of  a  wall  which  wlU 
ultinuitely  be  :!  U  miles  long.  TlUa  wall  waa  built  along  tlie  toe  dd 
tti?  pool  allies  of  a.  rock-llll  dam  In  a  Crenth  eKi:avated  to  solid 
roffc.  The  face  of  the  wall  has  a  batter  of  3  W  in  12  and  tbe  back 
uunlorniB  to  the  face  of  the  side  of  the  trench  below  water  and  Is 
practically  vertical  above  water,  being  £  It.  wida  on  top.  i>evel 
with  the  top  a  fi-in.  concrete  apron  extends  back  20  fL  over  tlie  top 
of  llH)  rock-fill  dam.  The  wall  varies  in  li<-lglit  from  lU  to  ^1  ft.  U 
was  built  of  1  :5  gravel  concrete  and  is  reinforced  as  follows:  A 
longitudinal  line  of  old  steel  burn  was  placed  In  the  center  af  the 
Willi  li  ins.  below  the  top.  Over  this  liorlKOnuii  bur  were  hooted 
vertical  bare  Hpnced  5  ft,  apart.  Thle  reinforcement  was  used 
piinclpollv  to  anchor  down  any  pieces  of  the  wall  lop  which  might 
break  uwuy. 

ii'ortns. — As  fast  as  the  dipper  dredge  opened  the  tooting  trondi 
to  roi'k.  L>-ln.  holes  10  f(.  apart  were  drilled  into  Che  ledge.  Uprights 
of  li  \  6  In.  timbers  h:iving  i^-iti.  rods  E  fl.  long  bolted  Co  tlie  hotlODis 
were  erected  by  inserting  the  rods  in  Ihe  drilled  holes  and  bracing 
the  tops  back  to  posts  set  into  the  rock-flll  dam.  The  uprights 
wt-i-e  set  to  the  Inclination  of  Ihe  face  of  the  wall.      Waling  pieces. 

with  one  bole  In  each  so  the  Joint  would  be  flexible.  The  several 
lengtha  of  waling  pieces  were  thus  connected  Inside  tlic  uprights. 
A  vertical  plank  was  then  bolted  to  the  waling  near  a  Joint,  and  by 
it  the  Joint  was  puslied  down  under  watei-  3  ft.,  and  a  second  wallnfi 
was  bolted  tu  the  plank  at  ihc  surface  of  the  water.  Other  planks 
were  then  hulled  to  the  flrsc  waling  at  Ihe  Joints  on  eat'h  side  of  ths 
Joint  flrsl  sunk,  and  these  Joints  were  In  turn  puslied  down  3  ft., 
peimiUing  the  second  wullng  to  he  boiled  to  the  planks.  In  tills 
manner  one  waling  after  anotiier  was  added  at  S-fl.  Inlervals  until 
the  lirst  waling  had  been  pushed  down  lo  rook.  The  wnllnga  were 
noC  fastened  to  the  uprights,  as  the  up-thntst  of  the  water  pushing 
them  against  the  slant  of  the  uprights  held  Ihcni  fast. 

The  lagging  consisled  of  vertical  2xl?-!n.  planks,  set  olqse  In- 
side the  wallngs ;  these  planks  were  nailed  to  the  topmost  waling, 
but  were  not  fastened  to  the  lower  watlngs. 

The  forms  were  built  arounil  curves  without  alterations,  as  the 
one-bolt  waJing  Jotntf  gave  considerable  flestblUtj-,  Ordinarily,  llie 
wall  waa  concreted  In  alternate  30  to  50-fi,  sections.  Tlie  forms 
wci-e  built  continuously  in  iidvance,  and  torn  down  behind  as  fust 
as  the  concrete  set.  At  the  ends  of  seitlons  of  wall,  transverse 
bulkheads  were  bull!  Inalde  llie  form  and  bondlnR  recess  forms 
fastened  to  them.  To  remove  the  forms  Che  braces  from  the  lops 
of  the  uprights  were  unbolted  and  the  whole  form  wcis  pushed 
away  from  the  wall  and  taken  apart.  As  the  forms  were  not 
nailed,  except  at  one  point,  as  noted  above.  Ihe  lumbiT  wns  but  lit- 
tle damaged,  and,  wKh  the  addition  of  a  email  amount  of  lagging. 

'EntiiBfeyiiiB-ContTactinff,  Mar.   10.   1909. 
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Uiere  Is  enouRh  lumber  remalntng  from  (he  form-work  for  the  first 
2,184  ft.  of  wall  to  bulla  the  remainder  of  the  wall.  The  fomi 
lumber  was  used  from  three  to  four  times  on  the  portion  ot  the 
wall  that  Is  now  completed. 

Concreting. — The  concrete  mixing  and  handling  plant  was  mount- 
ed on  an  I8Vj  n  lOO  ft.  barse.  On  one  end  ol  the  barge  wus  a  V4 
cu.  >-d.  Chicago  concrete  mixer  with  a  gravel  suijply  bin  mounted 
overhead.  On  the  opposite  end  of  the  barge  a  Btllf-leg  derrick, 
operated  by  a  bull  wheel,  was  erected.  This  derrick  handled  the 
travel  from  stock  barges  moored  alongside  to  the  supply  bin  over 
the  mixer,  and  also  handled  the  concrete,  from  the  mixer  Into  the 
forms.  A  wooden  Ijottom  dump  bucket  was  used  to  deposit  the 
concrete  under  water  and  did  the  work  successfully  up  to  a  depth 
of  17  ft. 

Wages  and  Coat, — The  gang  for  forms  consisted  of  i  carpenters 
and  from  ;i  to  6  helpers  and  a  drill  boat  crew  Sf^ttlng  uprights;  and 
the  gang  for  concreting  of  14  men.  Including  foreman,  dcrrlckman, 
ralxerman,  etc.      The  wages  paid  were  as  follows: 

Drlllmen,   per  month    f    SO 

Foreman,   per  month    TS 

Overseer,   per  month   — 


2,50 

;>er  oay   ....,........-,........fl   to  tl,!£5 

Bubslsted  In  addition  to  regular  wages,  which 
ilent  to  50  cts.  per  day  per  man  additional. 
Is  were  as  follows; 


Corrugated    bars     S.SH 

Round   bars   l.BO 

Cement,  per  bbl„  f.  o,  b.  MoUne 1.14 

Gravel,  per  cu.   yd.  on  bnrge.   cowing  entra 0.8S 

Lumber,   per   M.   ft..   B.   M. liS.EO 

le  cost  of  the  work  was  as  follows: 


Totals     111,340.10 


Concrete  leork: 

mSSiT 

10.0351 

o.i;ii7 

S'ffir  iHli 

:::.-:     lUr. 

fO.NOSO 
I1.5H01 
o:ua!l4 

Concrete  materials- 
Cement    

Cement  testing    

t  7,059.48 

Towing    

Towing,   coal   for   

:::::    iiS 

0.21B1 

Tolals    

111.635.28 

(2.6210 
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Ulxins  and  placliie  concrete: 

Labor    (  Z.0S4.S0  tOA629 

Coal    BBS, 71  O.OSJS 

Totals     I  2,338.31  (0.52S7 

Back   fill tng    1       203. S4  (0.0459 

Subalfltence     1,S27,3Z  0.2SS1 

Plant  repairs   aOB.SS  0.OS73 

Totals     I   l,829.Si         ({1.4123 

Grand  total    (4,33S.l  cu.ydB.)t30.72l.3Z  (S.3Z0E 

Regarding  these  Items  It  needs  to  be  noted  tbat  the  (9,014.30  for 
prollmlnary  expenses  Includes  a  large  number  of  miscellaneous 
Items,  including  new  machEnery.  erection  of  plant,  etc,  charged 
otic  In  full.  To  compare  the  work  with  a  contract  Job  the  engl- 
neer  suKgests  taking  this  Item  at  about  |&,000,  which  representfl 
about  H.  20  per  cent  depreciation  charge  on  all  plant  used.  Tt  should 
be  noted  also  that  all  form  lumber  Is  charged  In  full  against  this 
?.l'S  ft.  of  wall,  yet,  as  staled  above,  It  Is  enough  to  build  the  re- 
mainder of  the  wall  and  should  ultimately  he  charged  agaJnst  the 
totiil  yardage.  In  the  same  way  moat  of  the  Kerns  constituting  pre- 
liminary charges  must  be  distributed  over  a  large  yardage  In  addi- 
tion to  Ihnt  of  the  wall  already  built. 

The  wall  was  built  by  day  labor,  under  the  direction  of  J.  & 
BassetC.  M.  Am.  Soc.  C.  B..  U,  B.  Assistant  Engineer,  Rock  Island, 
111.  We  are  Indebted  to  Hr.  Basiett  for  the  data  from  which  thM 
anotysls  of  costs  hiiH  been  prepared.  The  dam  was  a  portion  of  tha 
Miaslsslppl   improvement  work  at   Moline,   111. 

Cost  of  Puddle.— Puddle  Is  a.  mixture  of  gravel  and  day  which  la 
Wet  and  rammed  or  rolled  Into  place.  Many  engineers  use  the  clar 
as  they  would  a  mortar  to  fill  the  voids  In  the  gravel.  A  few  engl- 
neers  use  the  gravel  merely  to  Insure  the  crumbling  of  the  sides  and 
roof  of  any  Incipient  hole  In  the  puddle  bo  as  to  (111  It  up. 

Fanning  gives  tha  following  proportions  measured  loose: 

Coarse    gmvel    l.OO 

Fine    gravel     0.35 

Clay  ;:!;;":!!::!;!;;!":::"":!::;!!;;:;!!  oiso 

Total     loose     1.70 

This  when  mixed,  he  says,  will  make  1,3  cu.  yds.,  and  when  thor- 
oughly rammed  1.2B  cu.  yds. 
Another  mixture  given  Is; 

nravel     1,00 

'may    ,'.'.'.'.*.','.'.'...'..* '.'.'.'.'.'.'.'.'.'.'.'.'.'.  n'as 

Total    l.eo 

This  when  mixed  and  spread  makes  MS  cu.  yds.,  and  when 
rammed  I.l  cu.  yd. 

When  clay  Is  not  avallnble.  very  tine  sand  and  a  little  losm  ran 
be  used  to  nil  the  voids  In  gravel.     Where  puddle  Is  used  to  cover 
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B.  large  area,  like  the  bottom  of  a  reservoir,  tbs  gravel  ie  first  spread 
m  a  layer  about  3  Ina  thick,  the  clay  1b  spread  over  the  gravel,  and 
the  Band  over  the  clay  In  their  proper  proportions.  Then  an  ordi- 
nary harrow  Is  dragged  by  a  team  back  and  rortli  until  mixing  iB 
complete.  Water  la  next  sprinkled  over  in  amount  eufllclent  to 
cause  the  maos  to  knead  like  atlff  dough  under  a  2!,^-t«Q  rolling 
tamper  or  under  a,  2-ton  sectional  roller.  Such  a  puddle  Is  as  heavy 
as  concrete  and  resists  abrasion  almost  as  well.  With  labor  at  }1.G0 
and  teams  at  fS.EO,  the  cost  le  about  as  follovs: 

Spreading  by  hand   g  eta. 

Harrowing   E  cts. 

Sprinkling 2  eta 

Rolling    S  eta 

Total   ao  ctfl. 

An  exacting  engineer,  however,  can  readily  double  this  cost,  bring- 
ing It  to  10  cts.  per  cu.  yd.,  which  la  about  wtiat  It  casta  to  spread. 
sprinkle  and  roll  a  cu,  yd.  ol  macadam  road. 

Where  puddle  la  used  In  contlned  places,  like  trenchea,  It  must  be 
mixed  like  concrete  and  rammed  to  place,  the  coat  then  being  30  to 
SO  eta  per  cu.  yd.  On  the  lilrle  Canal,  In  1896.  with  wages  at  tI.5D 
tor  10  bra,  the  contract  prices  for  mixing  and  laying  puddle  ranged 
from  10  to  fiO  els  per  cu.  yd.,  the  average  price  being  35  eta  per  cu. 
yd.,  exclusive  of  the  materials. 

Cost  of  Sheeting  and  Bracing  a  Small  Circular  Reservoir. — Mr. 
George  A.  Bogers  gives  the  following  relative  to  the  coat  of  aheetlng 
and  bracing  a  circular  pit  excavated  for  a  reservoir  at  Klnston, 
N.  C.   In   1B05: 

The  reaervolr  la  40  (L  Inalde  dlam.,  ZO  ft.  deep,  and  holds  15  ft.  of 
water,  or  350,000  gals.  The  sides  and  bottom  are  lined  with  brick. 
of  which  200,000  were  required.  The  brick  side  walla  are  12  Ina 
thick  at  the  top  and  3G  Ina,  at  the  bottom.  The  bottom  lining  la  6 
Ids.  thlclc,  being  three  layera  of  brick  laid  flatwlae. 

The  flrEt  S  It.  were  excavated  with  drag  ecrapera ;  below  that  Ihe 
material  was  a  running  sand  which  was  loaded  by  hand  into  aklpa. 
The  sheeting  was  2x8  Ina  x  IS  ft.,  plank  dreaaed  on  three  aldea. 
It  was  held  by  three  rings  <70  ft.  dlameterl  of  rangers  (Sx3-ln> 
mcircling  the  pit ;  which  were  held  In  line  by  S  x  8-ln.  poats.  4  ft. 
long,  spaced  5  fL  apart  and  bolted  to  the  rangera  The  rangers 
were  12  ft.  long,  mltered  at  the  ends  and  with  Joints  twlted. 

The  coat  ol  this  timber  work  waa  as  follows: 

10.000   ft.  B.  M.,  at  110 tlOO.OO 

Iron     30,00 

8  days  carpenter,  at  12.50 '. 15,00 

12  days  helper,   at  }1.00 13.00 

Total     J167,00 

This  labor  cost  Includes  framing  and  asaembllng  the  rings  and 
braces,  but  not  the  driving  of  the  aheellng.  There  were  about 
6.000  ft.  B.  U  o(  rang«rs  and  braces,  so  that  this  framing  and 
erecting  cost  |4.60  per  U. 
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A  ditch  was  duK  all  around  tbe  Inalde  of  the  aheetlns  tn  UaA  tha 
ground  wa.t«r  to  a  aump  whence  it  nas  raised  by  a  pluaomeMr  at  the 
rate  Of  «B0  gals,  per  min. 

By  this  style  or  circular  ring  bracing,  not  only  waa  venr  little 
timber  required  (4  tt.  B.  M.  per  cu.  yd.  of  pit  enclosed  by  sheeting!, 
but  the  pit  was  left  entirely  open- 
Cost  of  Dam*  Per  Mirilon  FoM  of  Water  Storsd.— It  is  not  un- 
usual for  hydraulic  engineers  to  compare  the  cost  ot  small  reser- 
voirs In  terms  of  tha  cost  ppr  million  gallons  of  water  stored,  and.  In 
like  manner,  to  compare  large  reservoirs  or  dams  In  terms  of  thf 
cost  per  mllll>>n  cubic  feet  of  water  stored.  The  cost  of  small  arti- 
ficial reservoirs,  made  by  throwing  up  tiankB  of  earth  eicavalPd 
from  the  Interior,  can  be  compared  In  this  way  with  some  rough 
degree  of  accuracy,  but  s.  little  consideration  shows  how  absurd  11 
Is  thus  to  compare  large  reservoirs  made  by  building  a  dam  acroM 
a  natural  valley.  How  much  water  a  dam  will  Impound  depend« 
far  less  upon  the  slie.  and  therefore  upon  the  cost,  of  the  dntn 
than  upon  tha  topography  of  the  valley  above  the  flam.  The  fol- 
lowing tabulation  brings  out  this  fact  very  clearly : 


"T 


Masonry 


Cost.  stored. 

Nen-  Croton,   N.  T. 297          833.000          (7.800.000  Jl.ind 

Wacliusett,     Mass. 207          2S0.000            2.000.000  ;JS 

Roosevelt.    Arli SSO         3B0.000            S.SEO.OOO  tJ 

Shoshone,     Wyo. 3UK            60.000.         1,000.00(1  M 

Pathllnder,     Wyo. 210            63,000            l.OOO.iiUO  1! 

Cross  Rtfereneei  on  Dams  and  Rsssrvolrs. — The  following  Mo- 
tions of  this  book  contain  data  on  dams:  Karth  Excavation  and 
E&nbanlcnient,  Stone  Masonry,  Concrete  i:onBtructlon.  Consult  thr 
index  under  Dams  and  uniicr  Reservoirs 

Waterworks  Valuation  and  Plant  Depreciation — A  very  com- 
plete discussion  of  this  suliject  by  Leonard  Metcalf  Is  given  In 
Engliicerltig-Cotitracllnii.  !iec.  16  and  23,  190B,  and  Jan.  «  and  II. 
190a,  Mr.  Mett-alf  fetves  also  an  excellent  compendium  of  legal  de- 
cisions and  a.  very  full  bibliography  of  articles  bearing  upon  vala- 
atlons. 

Figs,  £3  and  30  give  the  depreciated  value  when  estimated  hj' 
thi-  sinking  fund  formula  of  depreciation,  for  a  dlsrusslon  ot  which 
consult  .Section  I,  ot  this  book.     See  the  Index  under  Depreclatlnn. 

Tiible  X\T  srlves  the  lite  and  annual  contributions  to  the  sinking 
fund   lo  cover  tiepreclatlon. 

"Going  Value"  of  Waterworks.— A  dlscusston  ot  this  subject  by 
John  W.  Alvord.  with  data  and  lllustrotlve  diagrams,  will  be  tounil 
in  Engineerlng-Coniractino,  Aug.  4,  1909. 

A  discussion  of  the  subject  by  Chas.  B  BurdIcK  Is  also  given 
in  EnglHt:eriag-Conlracti«S,  Oct.  23,  1307. 

Life  of  Cast  Iron  Water  Pipe.— Regarding  the  life  Of  cast  Iron 
water  pipe,  Mr,  John  W.  Alvord  says: 
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'It  Is  generally  conceiled  that  cast  Iron  pip9  Of  hard.  llEht-groy. 
close-gTHJaed  Iron  of  even  texture,  property  coated  with  good 
preservBtlveB,  laid  In  ordinary  aoUa  and  conveying  WEiter  of  averufi? 
q-jallCy.  has  a  life  that  we  have  as  yet  no  reliable  data  to  deter- 
mine, because  a  aufflclent  amount  of  It  lias  not.  as  yet,  lived  Us 
life,  and  ne  can  only  approximate  what  a  fair  average  may  be.  The 
uQcoated  pipe  first  laid  In  England  and  this  country  about  lOD 
years  ago  (1808)  are  every  now  and  then  token  up  and  exam- 
Annual  contribution  to  Da- 
6rFc)ation  Account  or  Slnk- 
18   I'"und   in   per   cent   of 


Reservoirs    BO-lOO  0.4777-0.0383 

Slandplpea    afi.  40  2.0S5a-U,Ba78 

Haaonry    bulldlngr*    40-  &0  0.8Z78-0.477T 

Wooden     buildings     20-  50  3.0243-O.4;77 

Cast-iron    pipe     of     large 

diameter    BO-  7B  0,4777-0.132! 

Cast- Iron   pipe      of     amall 

diameter    SO-  40  3,lii*'i-«.iili 

Steel    pipe    SB-  50  Z.09B2-0.4777 

Wood-Stave  pipe    ZO-  30  3.0243-1.G061 

Wrought-lron  service  pipe.lG-  30  4.1342-1. E06I 

Meters     30<  30  3.0343-1.5051 

Hydrants     40-  60  0.8278-0.4777 

Oates    40-  50  0.8278-0.4777 

Pumping     and     auxiliary 

maohlnery      20-  30  3. 0243-1. 50S1 

Steam   engines    IE-  25  4.0342-2.0952 

Boilers    '. . .        12-  in  it  9)l»s-4  SS70 

Electrical   machinery    • 

. < —   — .1 i_jjj    igravtcy  syBiemj !■*  lo     i^vo 

int   loumDinE  s\'Btem) i'^tolH% 

•Eicept  where  gubject  to  heavy  deposit  of  silt. 
Ined  with  the  result  that  while  always  tound  to  be  filled  with  the  ' 

result  of  oxidation  and  (uberculatlon  to  a  serious  degree  the  actual 
body  of  the  Iron,  although  somewhat  brittle,  does  not  seem  to  have 
been  seriously  diminished  In  thickness." 

"The  coating  proceGs  of  Dr.  Angus  Smith  wns  Hrst  Introduced  into 
this  country  In  1SE8.  and  by  1869  the  method  of  coating  by  coal 
tar  varnish  waa  generally  adopted,  with  great  resulting  benefit,  pre- 
serving the  life  and  carrying  capacity  of  the  cast  Iron  pipe  In  a 
manner  and  to  an  extent  which,  as  has  been  before  said.  Is  still  to 
be  determined  by  future  observations." 

LIfa  Of  Pipe  Wrought  Iran  Pipe,  Lowell,  Msti^In  the  Proceed- 
ings of  the  American  Water  Works  Association,  1894,  page  181  et 
seq..  are  given  some  data  as  to  the  corrosion  of  Iron  and  steel.  An 
Instance  is  cited  of  a  wrought  Iron  pipe,  V,  In.  thick,  laid  at  the 
UerrimaiA    Co.'s  Hills,   Lowell.    Muss.,    in    184B.      A   piece   was  cut 
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out  In  188".  and  It  was  evident  that  the  pipe  was  good  Tor  another 
iO  years.  The  outside  and  hialde  o(  the  pipe  had  originally  been 
coated  with  coal  tar.  The  condUtona  of  boU  and  water  were  ex- 
ceptionally  favorable. 

Lite  of  Pipe  In  Salty  Soil — In  the  Proceedings  of  the  AtnerlcBn 
Waterworka  Aasoclatlon,  1S1I9,  page  103,  Mr.  8,  Tomllnson  says  that 
a  32-ln.  caat  Iron  pipe,  laid  In  an  embankment  across  land  wailied 
hy  the  ocean  tides,  v-ns  badly  corroded  in  10  years,  and  after  10 
years  la  unfit  for  further  use.  In  many  places  the  Iron  Deins  con- 
vei'leil  Co  oxide  K  to  ^  In.  In  thickness,  leaving  a,  mere  shell  at 
solid  Iron. 

In  the  Proceedings  of  the  Institution  of  Civil  Bngineere  (Great 
BrIUIn),  Vol.  143  (1901).  p.  2E0.  Mr.  William  Wurk  says  that 
wrought  iron  service  pipes  lasted  only  T  years  at  Hay,  whereas  such 
pipes  were  still  In  good  condttlon  after  21  years'  service  at  Bath- 
hurst.  The  soli  at  Hay  Is  ot  a  Uglit  sandy  nature,  containing  large 
quantities  of  salt.  The  soil  at  Bathhurst  Is  of  a  rotten  granite 
nature.  Cast  Iron  water  mains  ot  Hay  show  no  signs  of  Injury, 
but  wrought  Iron  gas  itibItih  lasted  only  11  years. 

Life  of  Pipe,  8t  John,  N.  B.— Mr.  Gilbert  Murdoch  gave.  In 
mvi,  the  following  relative  to  the  life  a(  cast  Iron  pipe  at  SL  John, 
N.   B,: 

A  4-ln  cast  Iron  pipe.  33  yrs.  old,  l>grled  In  marsh  mud.  burst  un- 
der a  pressure  of  66  lbs.  per  sq.  In.  Tlie  outside  of  the  pipe  had 
undergone  a  soflenlnft  at  the  break,  which  was  along  some  air  cells 
In  the  body  of  the  shell. 

A  6-tn  pipe,  i2  yrs,  old.  in  soft,  slaty  rock  foiled.  The  pipe  was 
as  easily  cut  as  plumbago. 

A  24-ln.  pipe,  3S  yra  old.  In  well  drained,  gravelly  brick-clay, 
failed. 

The  Life  of  Pipe  and  Appraisal  of  Syracuse  Waterworks.— Mr. 
Stephen  E.  Baboock  gives  the  following  relative  to  the  life  of  cast 
Iron  pipe.  In  1891.  In  the  city  ot  Syracuse,  N.  T.,  condemnation 
proceedings  Were  undertaken  preliminary  to  the  purchase  of  the 
waterworks  Owned  by  a  private  company.  The  engineering  expert* 
for  the  water  company  dug  up  sections  of  pipe  and  tested  It  in  the 
presence  ot  the  court.  TJncoated  cast  Iron  pipe  that  bad  been  laid 
40  years  was  found  to  be  apparently  aa  perfect  as  when  first  laid: 
It  had  become  coated  ne^Uly  and  uniformly  with  a  coating  not  ex- 
ceeding 1/S4th  ot  an  Inch  thick.  It  stood  a,  pressure  of  700  lbs.  ' 
per  sq.  In.  Tlie  water  is  unusually  hard.  Cement  lined  pipe  (With 
a  wrought  Iron  core)  was  also  dug  up  and  tested,  sizes  being  1  to 
10-ln.  It  stood  300  Iba  per  an.  in.,  and  where  the  cement  waa  re- 
moved the  Iron  appeared  as  perfect  as  when  laid  in   18B2. 

The  experts  for  the  city  claimed  that  practically  no  valua  shotihl 
be  assigned  to  existing  4  In.  and  B  In,  pipes,  a»  they  were  too  smsIL 
In  rebutal  It  was  shown  that  the  mlleag*  of  ,>lpea  of  these  sixes 
was  as  follows  in  different  cities: 


Syracuse.  N.  T. 
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Waltham.   Hbss.    »1 

Kitchburgh,    Uaas.    IB 

Erie,    Pa UO 

WaahJngtDn,   D.  C.    8r. 

Schenectady,  N.   T.    117 

Cincinnati,    O.    66 

BlnRhamton,  N.  T 74 

Port  Huron,  Mich 7B 

As  the  reservoir  had  been  built  many  years  iKlure.  all  recorda 
of  the  amount  of  eicavatJon,  etc,  had  been  lost.  The  experts  tor 
the  water  company  submittecl  evidence  to  show  what  similar  reser- 
voirs had  coat  per  million  gallons  ol  storage  capacity,  as  being  the 
only  rational  means  o(  arriving  at  the  value  of  this  reservoir  whose 
capacity  was  known. 

Kctlmatetf  Depreciation  at  Water  Pipe,  Loa  Angeles,  Callt, — In 
estimating  the  depreciation  of  water  pipes  In  Los  Angeles.  Calif,. 
a  board  of  four  engineers  (Jas.  D.  Schuyler,  A.  L.  Adams.  A.  H. 
Koeblg  and  J.  P.  Upplncott)  adopted  the  following  rates  of  annual 
depreciation,   for  purposes  of  appraisal  of  present  value: 

Cast  Iron  pipe  In  good  soil l.'H 

Cant  Iron  pipe  In  poor  soil IS.OII 

Sheet  Iron  pipe  In  good  soil 4.00 

Sheet  Iron  pipe  In  poor  sol] 6.77 

Wrought  Iron  pipe  In  good  soli 3.33 

Wrought  Iron  pipe  In  poor  solt S.7I 

Theae  depreciations  were  applied  to  the  cost  of  the  pipe  In  place 
(including  pipe,  lead,  labor  of  laying,  removing  and  replacing  pave- 
ment etc.)  Soils  ranging  from  salty  shalea  and  alkaline  adotw 
(clay)  to  heavy  clay  were  classed  na  ■■poor."  and  the  balance  as 
"good."  After  deducting  the  above  depreciation  from  the  first  cost, 
a  further  depreciation,  called  Internal  depreciation  due  to  tubercu- 
laCion.  was  calculated  on  those  depreciated  vbItipb  and  deduced 
therefrom.     The  annual  Internal  depreciation  was  estlmaled  as  fol- 


C^at  iron  pipe]  3  In.  i 


CeM  iron  pipe.  4  In.  and  over "6 

"--'  ■- --    ■  ■!.  tor  less  than  lO-yrs.  of  age... 2,0 


Cast  Iron  pipe.  3  In.  for  over  10  yrs.  o 

Sheet    Iron    and    steel    ;-  ■ 

Wrought  Iron,  under  4  Ina.  for  less  than  10  yrs.  ol 

Wrought  Iron,  under  4  Ins,,  for  over  10  yrs,  of  age., 1,1 
Wrought  Iron,  4  Ins. !■' 


SECTION  VTII. 
SEWERS,  COXDUITS  AND  DRAINS. 

OtlMral  Com Ide ratio ni.—TreiiclieB  for  sewers  are  usually  much 
deeper  llum  Irontlies  for  water  pipes,  because  tt  Is  Reneraily  desir- 
able to  have  a  sewer  deep  enaugh  to  drain  cellars  and  baseiiienU. 
In  cltlea  a  common  deptli  o(  trench  Is  S  to  11  ft.  It  the  depth  la 
more  than  about  6  (c,  even  in  narrow  trench  work,  men  will  be 
required  on  the  surCace  to  shovel  the  earth  bock  from  the  edge  of 
the  trench  after  It  has  been  cast  up.  in  such  cases  always  cast  the 
earth  onto  planh.  for  reasons  given  In  Section  i  on  iSarthwork. 
When  the  deptli  much  exceeds  8  ft.,  It  Is  advisable  to  cast  the  earth 
out  ol  the  trench  In  stages,  usins  platforms  about  E  IL  apart — or 
less  if  the  ennh  is  sloppy.  Bear  in  mind  that  where  the  trench  is 
a  wide  one,  there  la  much  handling  of  the  earth  after  It  reaches 
the  Burface.  both  in  stacking  It  up  In  pile  and  In  moving  it  bttck 
Into  the  trench  ("baclifllllnE")  after  the  sewer  has  tieen  laid.  In 
large  sewer  construction  there  Is  more  excavation  than  badifUl,  and 
the  excess  must  l>e  loaded  and  carted  away.  Each  case  must  be 
estimated  separately,  which  can  be  done  with  the  data  given  tn 
Section  2  on  Earthwork,  and  with  the  data,  in  this  section  and  In 
the  previous  section  on  Waterworka 

Deep  trenching  is  beset  with  so  many  dlfflculties.  such  as  the 
handling  of  unexpected  bodies  of  water,  (he  caving  of  bonks  evea 
When  well  sheeted,  and  the  like,  that  liberal  estimates  of  colt  should 
always  be  made.  Then  |7  to  }]D  a.  day  should  ordinarily  be  added 
for  rental  of  a  trench  machine,  for  even  where  owned  hy  the  con- 
tractor a  liberal  allowance  must  be  made  for  wear  and  tear  and 
Interest,  since  so  much  of  the  time  the  machine  Is  ordinarily  idle. 
The  cost  at  the  sheeting  plank  and  bracing  must  be  added,  also  that 
of  pumping,  if  the  soil  is  wet.  In  many  localities  glacial  boulders 
are  likely  to  be  encountered,  greatly  delaying  work  and  adding  to 
the  coat. 

Accidents  to  men  are  frequent — so  much  so  in  some  dties  that  ac- 
cident Insurance  companies  absolutely  refuse  to  Insure  a  sewer 
contractor's  men.  Aocldent  Insurance  Is  seldom  less  than  1%  of  the 
pay  roll,  even  on  safe  work,  and  on  Mwer  work  It  often  runs  np  to 
■ereral  per  cent. 

Cost  or  Sheetlno  st  Paorls,  III.— On  a  trench  IS  ft.  wide  X  4G  ft, 
deep,  at  Peoria.  Ill,,  sheeting  In  K-ft.  lengths  cost  as  follows  for 
Ubor: 
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I  BettlnK  sheeting,  at  t2.E0.. 
1  (irlvliiK  slieetlng,  at  llGO. . 
I  puIHtik  sheeting,  e 


t  tl.GO S 

Total   dally   vacea   of   gang 136 

This  gang  Bbeeted  IZ  lln.  Cu  ot  trench  per  day  at  a  coBt  of  fS 
par  lln.  ft,  all  work  being  by  hand ;  tills  U  equivalent  to  6H  eta. 
per  lln.  tL  of  trench  for  each  foot  ot  depth.  If  !-ln.  sheet  plank 
were  u«eil,  there  were  192  ft.  B.  M.  ol  sheet  plank  per  lln.  ft.  of 
trench  and  probably  18  ft.  B.  M.  of  stringers  nnd  braces,  say  230 
ft.  B.  M.  per  lln.  ft.  From  which  we  see  that  driving  and  pulling 
sheeting.  Including  bracing,  coat  fur  labor  about  (IS  per  H  <=  l.ODU 
ft.  B.  M.)  at  the  rate  of  wages  above  given,  which  la  a  blgh  cost. 


2  timber  men  on  top,  at  J3 M.OO 

2  men   setting,    at   f-^.&O IG.OD 

1  man  operating  driver t.OO 

2  helpers,    at    tl.EO 3.00 

J  man    pulling     2.00 

2  helpers,  at  Jl.&O S.OO 

1  engineer    2.09 

1  man  moving  lumber  ahead I. BO 

Coal,  oil,  ateam  hose  and  repairs 2.eo 

Tola!     125.00 

Twelve  Unectl  feet  of  trench.  4G  ft  deep,  were  timbered  per  day 
ut  this  coat  of  f25.  or  at  |2.08  per  lln.  (L.  which  Is  practically  %  the 
coat  by  hand  above  given,  and  In  addition  the  wear  of  the  sheet 
plank  waa  leaa  than  with  hand  driving. 

The  following  coat  of  sheeting  la  for  hand  work,  trench  being 
12  ft.  wide  X  35  ft.  deep: 

2  timber  men  on  Cop,  at  |2 14.00 

1  man  setting   2.b0 

t  men   driving,  at   11.50 O.OO 

4  men  pulling,  at  tl.50 8.00 

I  man  moving   lumber l.GO 

Total     123.00 

At  thla  coat.  13  lln.  ft.  of  trench  were  sheeted  per  day,  or  at  the 
rate  of  11.77  per  lln.  ft. 

Smaller  trenchea.  S  ft.  to  IS  It.  deep  In  aand,  coat  from  10  to  25 
ct*.  per  lln.  ft  for  labor  of  sheeting  with  2  x  7-ln.  hemlock.  String- 
ers In  trenches  35  ft.  or  more  deep  were  S  x  S  Ins.  yellow  pine,  with 
S  X  S-in.  white  pine  braces.  In  trenches  ot  less  depth  6  x  S-ln.  hem- 
lock stringers  anil  braces  were  useu.     The  above  costs  do  not  In- 
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Coat  of  Pumping  Water  From  Tranche*.— -The  cost  of  pumpios 
water  tram  treni^hes  la  glvea  hy  Mr.  liUiot  C.  Clarke  aa  follows  (or 
ttiree  kinds  ot  w«t  trencht's,  namely,  "allstidy  wet,"  "quite  Wet"  and 

In  a  "allKhtly  wet"  trench  one  hand  pump  waa  used. 

In  a  "quite  wet"  trench  one  ateam  pump  and  a  line  of  t-ln.  plpo 
waa  uaed,  aumpa  or  wells  being  BOD  tu  apart :  the  rent  of  thia  plant 
is  rated  at  }3  a  day :   the  enKineman  K-iO  a  day ;   the  price  of  ftial 

In  a  "very  wet"  trench  two  steam  pumpa  and  wella  every  tSt  ft. 
ware  uaed  ;    three  enjtlnemen. 

The  cost  of  pumping  per  lineal  foot  of  trench  na«  a«  (ollowa: 

IJepth  of   trench.   fL 5  ID           16  20           IS 

Slightly  wet.  con  per  (t tO.Oe  fO.OT        fO.lO  |0.12       lO.lS 

Oulte  wet,  cost  per  ft 0.71  0.T3         0.7S  1.04          1,27 

Very  wet,  coat  per  ft. 1.17  I.I9          1.V6  1.E4          2.tt 

Coat  ot  Trenchlno  With  Trench  Excavatora.— Ur.  Ernest  McCul- 
lough  gives  the  following  data  relating  to  work  done  by  [he  "CblLOSo 
Trench  Excavator" — a  machltie  made  by  the  Uuniclpal  Elnglneerlng 
and  Contracting  Co. 

The  machine  conaista  ot  an  endlesa  chain  provided  with  cutters 
and  Bcrapera  which  deliver  the  earth  onto  a  traveling  belt,  the  ex- 
cavators and  conveyors  being  carried  by  a  four-wheeled  traction 
engine,  which  furnishes  the  power.  These  machines  are  rented  or 
sold  tc 


Operator  of  trench  digger }  S.OO 

Bnglneman  of  trench  digger 3. 76 

rireman    of  trench   digger 2.26 

Han  trimming  bottom  of  trench 1.3B 

2  men    bracing   trench    with    plank 4.O0 

2  pipe  layers,  at   12. EO G.OO 

2  men    furnlahlng    pipe    and    mortar 4.00    • 

X  men  tamping  earth  around  pipe t.OO 

I   man  shoveling  earth  down  to  the  tampers.  2.00 

t  teams  and  drtvers  scraping  backnil 7.B0 

4  men    holding    the   acrapera 8.00 

Total  labor  per   10-hr.  day 144.75 

About  H-ton  of  coal  waa  used  dally. 

The  trench  was  27  ina  wide  and  averagpd  T  ft.  deep.  The  beat 
day'a  run  waa  860  lln.  ft.  of  trench,  or  GOO  cu.  yda.  In  10  hrs..  In  dry 
day  containing  no  atones.  On  another  day  nearly  600  ft.  were  run 
In  spite  of  many  stops  to  blast  out  boulders.  A  fnlr  average  waa 
400  to  600  lln.  ft,  or  SdO  cu.  yds.,  per  day.  Due  (o  the  Jarrlnc  of 
the  ground  by  thp  machine  It  Is  necessary  to  bmce  the  trench. 

(I  am  intormed  by  Mr.  UcCullough  that 
per  day  have  recently  been  made  with  t 
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These  trench  excavators  are  made  In  (our 
14  Ins.  to  GO  Ins.  In  width  and  up  to  20  (t.  In  depth. 

^B  conflrming  theae  data  ol  Mr.  McCuUough'a,  tha  following 
records  given  by  Mr.  B.  Enlng  are  of  value:  In  the  summer  ol 
1904,  many  miles  of  pipe  sewers  wore  built  al  Wheaton,  111,,  by  con- 
tract Two  Chicago  Excavators  were  used,  cutting  a  trench  2Vt  tu 
Wide,  7  to  is  ft.  deep.  One  machine  would  excavate  7&0  Un.  tl.  ot 
trench  7  tt.  deep  through  hard  clay  mixed  with  Email  stones.  In  a 
10-hr.  day.  In  cutting  trenches  IE  to  18  tl,,  a  machine  would 
average  150  to  ZOO  Un.  ft,  per  day,  depending  upon  how  much 
bracing  was  necessary. 

See  page  651  for  data  on  the  cost  of  trenching  with  a  Buckeye 
Traction  Ditcher. 

Cost  d(  Excavating  With  Trench  Machines,— A  trench  machine, 
as  the  term  Is  here  used,  does  not  mean  an  earth  digger,  buL  un 
earth  conveyor.  The  Caraon  trench  machine  Is  a  good  example  of 
the  type.  It  consists  esaenllaily  of  a  single  rail  track  on  which 
a  trolley  tinsels,  being  hauled  back  and  forth  by  the  cables  ot  a 
hoisting  engine.  The- trolley  carries  the  bucket  Into  which  the  earlli 
or  rock  has  been  loaded  by  hand.  The  single  rail  track  Is  sup- 
ported at  intervals  by  a,  light  trestle  made  of  bents  that  are  A- 
abaped. 

The  legs  of  the  A-bents  are  provided  with  wheels  at  the  bottom 
riding  on  a  track  straddling  the  trench,  and  the  whole  trestle  cun 
Iw  moved  forward  In  5  to  10  mlns.,  from  time  to  time,  as  the  woik 
advances,  without  taking  the  trestle  apart,  unless  a  curve  has  to 
be  rounded.  These  A-bents  are  oC  t  x  S-ln.  spruce.  20  (t,  high  and 
have  a  spread  of  18  ft,  at  the  bottom.  The  trestle  la  288  ft,  long. 
and  buckets  of  1  cu.  yd.  each  are  handled.  The  crew  and  the  cost 
ot  operation  are  the  same  as  for  a  cableway, 

Ur.  A.  W.  Byrne  stutes  that  In  completing  one  4.000-tt.  section 
of  tha  Metropolitan  sewer  system,  at  Boston,  he  used  the  follow- 
ing force : 

1  englneman   I  3.0O 

1  lockman    2.00 

1  dumper 1.50 

g  shovelers,  at  }1.75 11.00 

S  bracers,  at  (2.50 5.00 

3  tenders,  at  12.00 4.00 

4  plank  drivers,  a 

8  men  pulling  planks^  t 

Total    J6S.60 

The  force  working  In  a  trench  3  ft.  wide  i  20  to  30  ft.  deep  avor- 
aj^ed  64  Un.  (t.  a  week  In  "boiling  sand."  the  pressure  of  which 
would  break  6xB-in,  stringers  2W  ft.  apart,  and  192  ft.  a  week 
In  gravel  and  coarse  sand,  which  Is  equivalent  to  70  to  110  cu,  yds. 
s  day  In  the  running  sand,  and  200  cu.  yda  In  good  ground,  or  at 
a  cost  ranging  from  SO  to  25  cts.  cu.  yd.  A  steam  pump  runnlnB 
at  a  cost  of  |10  a  day  was  also  required,  and  about  Id-lon  of  coal 


n  planks,  at  |2.( 
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was  used  by  the  trench  machine.  The  work  i 
after  Che  trencb  machine  wns  aet  up.  anil  the  gung  well  orKanlieiL 
Another  contractor  stutes  tliac  It  cook  him  two  duys  to  dlamantle  a 
machine,  move  It  1,000  (t.  and  set  up  again. 

The  Adams  trench  machine  consista  of  a  series  of  wrousiit-lron  fl- 
shaped  bents,  the  lower  feet  of  the  n  being  provided  with  whecli 
running  on  rails  lald'eucli  side  of  the  trench.  These  n  benu  car- 
ried two  mils,  on  each  side,  beneath  the  top  of  tha  bent,  and  a  car 
ran  along  these  rails :  this  car  la  pullad  back  and  forth  by  cables 
from  a  hoisting  engine  at  one  end  of  the  trench;  and  the  sama 
engine  raises  buckets  up  to  the  car  where  they  are  gripped.  Work- 
ing Id  sand  at  Peoria.  III.,  the  following  Was  the  oost  in  a.  trench 
13  tt.  wide  X  ii  ft.  deep: 

IS  men  loading  buckets,  at  tlBD (27.00 

1  man  operating  bucket  car £.00 

1  foreman    3.00 

1  englneman    2.B0 

1  waterboy    SO 

Coal.   oil.   etc 1.00 

Total  per  do; I3S.00 

This  force  excavated  2S4  buckets  of  1  1/9  cu.  yds  each,  of  31t 
cu.  yda.  daily  at  a  cost  of  11.4  cts.  per  cu.  yd,  as  tbe  averv^  of 
1  month. 

The  same  gang  operating  in  a  trench,  12  ft.  wide  x  33  ft  deep, 
averaged  288  buckets  a  day,  at  a  cost  of  12.C  cts.  per  cu.  yd.  Most 
of  the  excavaled  material  was  dumped  directly  from  the  buckets  «■ 
backfill  Into  the  trench  wliere  the  sewer  was  completed. 

A  Moore  Hoiiter  and  Conveyor,  which  differed  only  In  having  tbe 
bucket  car  travel  on  tap  of  the  bent.  Instead  of  below,  required  one 
more  man  handling  the  buckets,  making  the  dally  force  account  118. 
In  B.  trench  12  ft.  wide  x  3S  ft.  deep  tbe  Moore  machine  daily 
averaged  286  buckets  of  1  cu.  yd.  each,  at  a  coat  of  1S.3  cts.  per 
eu.  yd. 

These  records  for  Adams  and  Moore  machines  show  unusually  low 
costs.  They  should  not  be  token  as  averages,  but  rather  as  show- 
ing (be  very  best  that  can  be  done  under  favorable  conditions.  Mr. 
A.  D.  Thompson  IB  my  authority  for  these  cost  recorda  The  cost 
of  sheeting  these  trenches  la  given  on  pages  4SE>  and  tSt. 

Cost  of  Trench  Excavation  In  Massachusetts,  Using  a  Carson 
Machlns.— Mr.  H.  H.  Carter  gives  the  following  account  of  work 
done  by  contract  In  Kassachusetts  In  1884:  A.  trench  2.10O  ft. 
long,  9%  ft  deep  and  20  fc  wide  was  dug  for  a  conduit  along  the 
shore  of  a  pond  and  about  3D  ft.  away  from  the  water's  edge.  Tba 
water  in  the  pond  was  8  tL  higher  than  the  bottom  of  the  trench, 
but  moat  of  the  water  that  entered  the  trench  seeped  In  from  th« 
side  farthest  away  from  the  pond.  The  water  was  handled  by  two 
Pulstnneter  Steam  Pumps.  A  large  quantity  flowed  In  at  some 
placea     All  water  was  pumped  from  aumpa  located  ahead  of  the 
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laj-Ing:  of  the  brEck  conduit.  So  underdralns  were  left  under  the 
nmalied  conduit.  Tht  material  excavuteil  wiis  variable.  Tlie 
greater  part  of  the  conduit  was  built  on  a  liarU,  coariw  sand  and 
gravel  bottom :  but  for  soveral  hundred  feet  ciuk'ksand  nua  en- 
countered In  the  bottom.  A  Carson  crencli  maclilne  was  used  tor 
10  weeks.  The  total  excavallon  was  15,100  cu.  yds.,  or  7.2  cu.  yds. 
per  lln.  ft.  of  trench.  The  backfill  amounted  to  only  1.5  cu.  yds. 
per  lln,  fL  of  trench.  The  itemized  cost  was  as  follows  tor  'i.lOO 
ft,  or  16,100  cu.  yds. : 

Total.         Per  cu.  yd. 

Forfman.    GS   days,   at   |1.0O t       264.001  tO.014 

Foreman,  169  tiays.  at  I2.S0 3S7,50j  ' 

Knglneman,    123  days,    at  »2,fiO 307.50  0,020 

Rreman.   147   days,   at  11.75 :!5T.25  O.UIS 

Pumpman.  94  days,  at  (3.00 ;!82.00  1  0.0£f 

Pumpman.    56   days,   at   (1.75 -       9».00j 

Laborer,   2,400  days,  ut   11.25 3.0O0.OO  0.200 

Laborer,    2,200  days,  at  11.50 3,300.00  0,220 

Bracer,   166  days,  at  II. T5 640.50  0.012 

Carpenter.  I  days,  at  62.00 14,00  0,001 

Horie  and  cart,   86  days,  at  )4. 00 352,00  0,023 

Horse  and  cart.  10  days,  at  |3.15 31.50  0.002 

Scraper,   71   days,  at  »5,00 355,00  0.024 

Carson   machine,    10   weeks,   at   tJ6,00 41.0.00  0.030 

BDEtnes,    103  days,   at   (2.00 3O$.0O  0.014 

Boiler,  1Z9  days,  at  61.00 129.00  O.OOS 

Pumps  (two),  199  days,  at  tO.SD 150.20  O.DIl 

Derricks,   72  days,  at  |1.00 73.00  0.005 

Tools    71.00  0.005 

Coal.  80  tons,  at  16,00 480.00  0.032 

SheeUng,  loss  on,  at  114  per  U 200.00  0.013 

Iron,  at  3  eta  per  lb 15.00  0,001 

Hltcellaneous     26.00  0.002 

Total    111,107.46  J0.740 

The  backnuing  and  embankment  cost  Is  Included  In  the  above  cost 
of  74  CIS.  per  cu.  yd.  of  trench  excavation.  Properly  It  should  be 
separated,  as  follows: 

Per  lin.  ft 

ElxcflvBtlng  trench    13.20 

Bracing   trench,   labor 0,30 

Bracing    trench,    lumber 0,10 

Pumping   trench    0.4S 

Backfllllng    0.71 

Bmbankment   0.60 

Miscellaneous   0.28 

Total  per  lln.  ft 15.73 

Deducting  the  backlilllng  and  embankment,  we  liave  left  14.33 
per  lln.  ft.  or  60  els.  per  cu.  yd.  of  trench.  The  l>ackflllli)g  Itself 
cost  IS  eta  per  cu.  yd.  liacknlled. 

This  same  trench  work  was  extended  across  a  pond  that  hud  been 
Oiled  with  an  emliankmpnt  of  gravel  and  sand  from  a  trestle.  The 
trench  was  excavated  in  the  center  of  this  embankment,  and  was  18 
ft.  wide,  with  sheet  piles  on  both  sides,  and  Ita  bottom  was  S  (t 
twiow  the  level  of  the  pond.  The  water  was  handled  by  two  pul- 
wuneters  and  one  Andrews  pump.     The  trench  was  1.550  ft.    long. 
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conuinlng  g,OT0  cu.  yda  and  took  IZa  days  to  excavate.  Tbe  Item- 
teed  coat  was  aa  (oUowe: 

Total  Perou.yd 

Foreman,  35  days,  at  13.61) (  122. GO  tO.Oli 

Foremiui.  160  day*  at  J2.B0 376.00  O.OJJ 

Englneman,    146    days,  at  f2.&U 4SS.D0  O.OSg 

Pumpman,  286  days,  at  11.76 B00.50  O.0S3 

laborer,  400  days,  at  fl.SS £80.00  0.086 

Ldiborer.  460  days,  at  fl.SO 690.00  0.086 

Laborer,  2,500  days,  at  (1.36 3.125.00  0.3S1 

Bracer,  265  daya  at  (1.76 446.25  0  056 

HoFBe  and  cart.    12  days,  at  »3.16 J7.80  0.004 

Enslneti,    136    duys,   at  13.00 260.00  0.031 

Boiler.  1Z6  days,  al  fl.OO 136.00  0.016 

Pulsometera,  333  days,  at  fO.SO 178.40  0.023 

Pump   (Andrews),  6i  days,  at  (3,00 134.00  O.OIJ 

Derricks,   136  days,  at  }1.00 IZ6.00  O.OIJ 

Tools     67.00  O.OOT 

Coal,   S3   tons,  at  tiM 312.00  0.03S 

Spruce,  49  M  left  in,  at  tl4.0U 680.00  0.0S6 

HlaceUaneous  (6.00  0.004 

Total   (1,5G0  lln.  (t.) (8,344.46  iT."o32 

This  cost  of  (1.03  per  cu.  yd.  Includes  some  but  not  all  at  Iba 
Uackfllling.    The  cost  per  lln.  ft  was  distributed  as  follows: 

Per  lln.  n. 

Excavating   (3.26 

Brucins.  labor , 0,38 

BratiriK.   lumber   0.46 

Pumping    0.7J 

Backflllmg  and  emtjankment 0.66 

Total    in? 

Deducting  the  backflllinK  we  have  (4.71  per  lln,  ft,  which  1» 
equivalent  to  90  cts.  per  eu.  yd.  of  trench.  The  backJUtlns  it»ell 
tost  19  cts  per  cu.  yd.  baclcfliied.  The  contractor's  price  was  leM 
t  the  worlt  cost  him,  but  It  appears  evident  that  be 


did  n 


B  hia  n 


rk  ver 


veil. 


Coat  of  Excavating  With  a  Potter  Trench  Machine.— The  follow- 
InB  data  were  published  In  Engineertna-CoMracting,  April.  1904, 
and  January  38,  1908.  Fi(r.  1  shows  a  Potter  trench  machine,  made 
by  the  Potter  Ufg.  Co.,  Indianapolis.  Ind,  The  machine  conslsU 
of  a  track  supported  by  bents  that  span  the  trench.  On  this  trscK 
travels  a  carrlitge  liavlns  drums  for  hoisting  the  bucketa  of  eartli 
from  the  trench.  The  track  is  ordinarily  270  fl.  long,  the  boiiUni 
engine  being  located  at  one  end.  Two  men  ride  on  the  carriage  to 
bundle  the  bucketa  Buckets  loaded  by  hand  are  lifted  from  the 
trench  by  the  machine  and  carried  back  and  dumped  on  the  com- 
pleted sewer  for  backSlI. 

Certain  sections  of  an  Intercepting  sewar  were  built  by  day  labor 
In  Chicago,  during  1901-I90S.  A  Potter  trench  machine  370  ft 
long  was  used.  An  ordinary  double  drum  hoisting  engine  wai 
placed  at  the  front  end  of  the  machine  By  means  of  two  eablei 
anJ  a  series  of  drum  sheaves,  the  engine  hoisted  the  bucket  and 
moveil  the  carrier  along  the  trackway  as  re<]uired.    The  entire  ms- 
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Mat,  incluillne  the  engino.  was  supported  on  track  on  each  sitle  ot 
the  trench.  After  the  track  was  built.  5  mins.  whb  ample  time  In 
iFhieh  to  move  the  whole  machine  4S  ft.,  that  amount  of  trench 
Mng  worked  at  a.  time.  The  Potter  trench  machine  n-aa  used  to 
remove  the  clay  ana  about  2  tt.  ot  overlying  sand. 

Jn  the  excavation  six  V-yd.  buckets  were  used,  four  tn  th«  trench 
Slid  two  on  the  carrier.  Two  empty  buckets  were  placed  tn  ad- 
Joining  aectionH  and  two  full  ones  removed  on  each  trip.  Tlie 
Irench  machine  crew  consisted  at  the  following:  One  hoisting 
raglneman,  one  fireman,  and  two  carrier  men.  The  number  ot 
bottom  men  or  diggers  ranged   from   II   lo  21,   depending  on   the 


kind  and  amount  of  excavation.  In  addition, 
the  machine  was  built  by  a  gang  of  timber  mer 
were  the  removal  of  braces,  and  n 


s  of  wages  of  the  trench  it 


r 

ftTn 

cost 
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tbe  tot&l  labor  cost  and  we  Ket  181.  About  190  cu.  yds.  irere 
BKcavated  each  day,  bo  the  cost,  per  cu.  yd.,  was  40.2  cts.  per  cu. 
yd.,  eicluBlve  of  plant  rental,  and  cost  ot  laying  track. 

During  1906.  there  were  2,440  Ha.  ft.  ot  concrete  sewer  (EM  ft 
dlam.)  built  by  contract  for  the  city  of  South  Bend,  Ind. 

The  section  of  th«  city  throuKh  vhlch  this  sewer  was  built  was 
flat  and  marshy.  The  material.  In  consequence  of  this,  ma  loose 
black  soil  for  a  depth  ot  about  4  ft  Than  sand  and  gravel  were 
encountered,  and  for  the  last  4  or  E  ft.  of  the  trench  this  material 
was  water  aoaked.  This  made  pumping  necessary  in  the  excava- 
tion work  and  also  during  the  progress  of  the  concrete  conatructlon. 

The  trench  was  10^  ft.  wide,  and  18  ft  was  the  avenige  depth. 
This  gave  T  cu.  yds.  of  excavation  per  lln.  ft  of  trench.  Shoring 
ot  the  sides  of  the  trench  whs  necessary.  The  flrst  2  or  3  tL  ot  the 
trench  was  ezc^svated  either  by  men  casclne  the  material  from  the 

After  this  much  excavation  mas  done  a  Potter  trench  machln*, 
manufactured  by  Che  Potter  Manufacturing  Co.,  Indianapolis.  InA, 
was  Installed  and  used  for  all  the  work  of  excavation  and  for 
handling   the  concrete. 

The  trench  machine  was  used  to  excavate  from  S  to  G  cu.  yds. 
par  lln.  ft.,  but.  as  no  separate  record  was  kept  of  the  first  excava- 
tion done,  tlie  entire  cost  ot  the  excavation  Is  figured  as  done  with 
the  machine. 

It  la  stated  tliat  the  carriage  that  handled  the  buckets  could  make 
a  round  trip  In  one  minute.  Including  the  lime  Ot  lowering  and 
hoisting  the  buckets.  The  following  data  were  furnished  by  Ur. 
W.   A.  Morris.  Asst.  City  Engineer  of  South  Bend. 

On  the  work  described  It  was  the  custom  to  keep  about  !00  fL  ot 
the  trench  open  at  one  time.  The  material  was  taken  from  In 
front  of  Ihe  sewer  and  dumped  on  the  completed  portion.  The 
excnvQtlon  on  top  was  dry.  but  as  it  neared  the  bottom,  as  pre- 
viously stated,  water  was  encountered.  The  followlnR  system  Ol 
dralnagp  was  used.  The  water  came  from  the  gravel  and  sand. 
A  sub-drain  pipe  was  laid  of  second  class  and  cull  pipe,  the  bol' 
torn  ot  this  being  laid  30  Ins.  below  the  grade  Of  the  Invert  of  the 
■ewer.  The  Joints  were  loosely  caulked  with  tutts  of  sod  in  order 
to  prevent  the  dne  sand  from  entering  the  pipe.  Clean  gravel  at 
medium  size  covered  the  pipe.  This  permitted  water  to  enter  the 
pipe,  through  which  It  flowed  to  a  sump  at  the  lower  end  of  tbs 
new  work.  This  ramp  was  IS  Ins,  below  the  grade  ot  the  drain 
pipe,  and  the  water  was  pumped  from  the  sump  by  a  t-ln.  rotvT 
pump  over  a  dam  Into  tha  old  portion  of  the  work. 

This  drained  tha  bottom  ot  the  trench  so  that  the  concrete  wa» 
readily  laid,  and  by  keeping  the  pump  going  continually,  allowed 
the  concrete  to  set  without  being  Injured  by  Ihe  water  ristng  In 
the  trench.  This  pumping  and  dralnags  work  Is  Includsd  In  ths 
cost  of  excavation  but  a  part  ot  it  could  properly  have  been 
rhnrg«d  against  the  concrete  work. 
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The  trases  paid  tor  a  10-br.  dap  were  a,*  followi: 

Unglneer  on  trench  machlae 13.00 

I'lreman    Oa    trench    machine I.S( 

Bnglneor  lor  pumplQK 3-00 

Fireman     2.E0 

Carpenter    2.G0 

Laborers   1.8S 

The  cost  ol  the  various  work  p«r  lln.  ft  ot  trench  was  as 
loUows: 

Pipe  for  Bub-drain    10.33 

.  Idbor  layluK  tlilB  pipe O.io 

Pumplns   water    0.4e 

BicavaClon   and    backillllng 2.69 

Setting  and  pulling  shoring 1.04 

AUowance  lor  tools  and  gtn.  ex 2G 

Total  per  lln.  It fS.lS 

With  7  cu.  yds.  per  lln.  (t.  of  trench  tbia  tnakes  a  coat  per  cu. 
yd.  of  excavation  for  each  of  the  above  Items  as  follows : 

Pipe  for  sub-drain JO.0<T 

Labor  laying  this  pipe D.D&O 

Pumping  water    Q.OVi 

Excavation  and  backnillnK 0.4D0 

Shoring 0.150 

Tools  and   genernl    expenses 0.035 

Total  per  cu.  yd 10.747 

The  drainage,  it  will  be  noticed,  coat  a  little  more  than  20  per 
cent  ot  the  total.  The  cost  of  excavation  and  back  nlllnK,  and  of 
ihoiing  and  tilling  the  street  piles  (or  a  trench  ae  deep  as  this  is 

Cort  ot  Excavatina  With  Potter  Trenching  Machine  for  ie>ft. 
Sewer.* — The  nnal  section  of  the  conduit  work  proper  for  the  Law- 
rence avenue  sewer  at  Chicago,  111.,  includes  the  construction  o( 
1.160  Un.  ft.  of  a'ring,  10  II.  diameter  brick  conduit  from  the  north 
branch  of  the  Chicago  river  to  the  section  completed  In  1901  oy 
E^rley  ±  Green.  The  aewei-  will  empty  In  the  north  branch,  which 
Is  belnr  dredged  to  a  width  of  90  ft.  -  ultimately  thia  width  will  be 
Increased  to  ISO  ft. 

The  excavation  was  dona  by  the  open  cut  method,  the  width  o( 
the  trench  being  21  ft  and  the  average  depth  being  iO.G  (t.  The 
materials  encountered  In  the  excavation  consist  of  a  top  layer  of 
black  Bail,  then  come  about  15  ft  of  soft  blue  clay,  6  to  8  ft  of 
stiff  blue  clay.  1  ft.  of  sandy  loam  and  about  2  (t  of  hard  blue 
clay.  This  latter  was  so  hard  In  places  that  Its  removal  was 
facilitated  by  "shooting." 

The  first  IS  to  IS  ft  of  excavation  was  done  with  the  aid  of  skips 
and  a  derrick  of  the  Kearnes  type,  havlns  a  55-ft  boom  and 
equipped  with  a  T  x  10  double  drum  hoisting  engine.  The  derrldc 
la  so  arranged  that  the  boom  can  swing  In  a  half  circle  on  either 
Bide  of  the  trench.  The  framework  carrying  the  turntables  span- 
ning the  trench  rests  on  ahoe  timbers,  these  in  turn  resting  ou 
rollera.     A  runway  la  built  ahead  of  these  rollers,  and  the  derrick 

'Bngineming-ContracUng,  Oct  9,  1907. 
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la  pulled  ahead  by  means  of  ropes  wound  round  the  nigger  head 
Ot  the  engioe  and  aingle  and  double  blocks.  The  aldpa  are  ot  1  cu. 
yd.  capacity,  were  tilled  by  hand  shoveling,  lilted  by  (ho  derrick 
and  swung  to  one  side  ol  the  trench,  the  spoil  being  need  for  fllllng 
loir  places,  or  later  for  completing  the  backlilllng.  As  the  excava' 
tlon  proceeds,  a  2-ln,  plank  sheeting  la  placed  and  caxrled  down  to 
a.  depth  of  about  14  ft.,  8  x  lO-ln.  timber  spaced  ZO  fL  centers  being 
used  for  bracing. 

A  Potter  trenching  machine  fallowed  the  derrldc  an<t  dilpa,  and 
was  used  In  carrying  down  the  excuvalion  to  the  re<iulred  depth- 
Six  ^  cu.  yd.  capacity  buckets  are  used  with  this  machine,  there 
always  being  four  bucketa  In  the  trench  being  filled.  While  the 
remainder  are  being  carried  back  on  the  carriage  and  dumped  on 
the  completed  brick  work.  The  hardeat  part  ot  the  excavation  was 
done  with  this  machine,  the  clay  being  allcky  and  tenacleus  and 
coming  away  In  hard  lumpa  An  average  of  ITS  to  2C0  cu.  yds. 
was  excavated  each  day  with  this  machine. 

The  wage*  per  K-hour  day  and  number  of  men  employed  In  ex- 
cavating with  the  Potter  trenching  machine  were  about  as  follows: 
Par  day.  Total, 

Engineer    tS.OO  t  «-0O 


Fireman 

1  man  on   carriage.. 


55.00 


Total     »7i.S0 

One-half  ton  of  coal  was  consumed  each  day  by  the  machine, 
allowing  12. aO  for  this  and  assuming  that  the  rent  of  the  machine 
was  H2S  per  month  (SI. SO  per  day)  (he  total  cost  per  3-hour  day 
would  be  t£^.80.  On  the  basis  that  175  cu.  yds.  ot  material  was 
excavated  each  day.  the  cost  would  be  about  4T  cca  per  cubic  yard. 
The  bricklayers  follow  the  trenching  machine,  six  masons  work- 
ing to  a  shift.  About  1,700  brick  were  used  per  foot  of  sewer,  the 
average  rate  ot  progress  being  IB  ft.  ot  si'wer  complet^l  per  day. 
This  means  that  one  brlckl.iyer  puts  In  place  4.800  brick  per  day. 
at  a  cost  for  his  labor,  tn  the  wages  a[  fS  per  S  hours,  of  11.33  per 
thousand  of  brick,  or  about  |2,85  per  cubic  yard  of  masonry.  TTiK 
ot  course,   does  not   Include   bricklayers'    helpers,   cost  ot  materials 

The  work,  which  was  completed  recently,  was  done  by  Ihe 
American  Elngineerltig  &  Construction  Co.  of  Chicago,  of  which 
Ur.  W.  A-   Shaw  Is  president. 

Cost  at  Excavatlnj)  With  Trench  Machine. — In  En^rfneerlnir  Con- 
tracHnH,  April,  1908,  the  method  ot  excavating  a  sewer  in  Chicago 
with  a  Potter  trench  machine  Is  Illustrated  and  ( 
mai'hine  was  370  ft.  long,  and  was  moved  t 
time,  only   6  minutes  being  required  to  make 

'^glng  nnd  operating  the  machine  was: 
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1  forenian     t  iM' 

i  enxlnemen  at   14.80 V.60 

1  fireman     2.75 

2  <;arrler  men  al  13.76 7.60 

17  bottom  men  at  |S.E5 S6.2S 

Total    labor IT8.10 

Total,  190  cu.  yds,  at  40.2  ct», J81.00 

Note  that  tbe  laborer*  were  paid  very  hlBti  wasea.  The]'  were 
working;  lor  the  city. 

Co«t  of  Trenching  by  Cablcway*.— A  cableway  conslBts  eoeatlally 
of  B  main  cable  auspended  between  two  towerH,  and  serving:  as  a 
track  tor  the  Irolley  carryinB  the  loaded  bucket,  which  ia  pulled 
back  and  forth  by  small  cables  from  a  etatlonary  hoisting  englnp. 
The  foilowlne  data  will  give  a  good  Idea  of  what  can  be  done  wltli  a 
cableway. 

Parallel  with  a  railroad  track  a  trench  14  It.  wide  by  18  ft.  deep 
was  dug  in  earth  sUshtly  more  compact  than  "average,"  A  Lam- 
bert cableway  wltu  towers  400  ft.  apart  was  used,  and  it  delivered 
the  buckets  to  a  chute  that  dlschaj-ged  Into  railroad  cars  alongside. 
The  writer's  record  of  cost  was  as  follows; 

30  men  loading' buckets,  at  fl.&O t45jOu' 

1  BlKnalman      (slgnallns     enKlneman),     at 

1  man    hooking    buckets   to    cable's   trolley, 

at    Jl.-fi    1,7S 

1  man  dumping   buckets,   at   JI,7^ 1.76 

4  men    driving    sheet    plank    anil    bracing. 

at    tl.50     6,00 

5  men  spreading  earth  in  curs  and  moving 
cars,  at  H.BO 7. SO 

I  engineman     3.00 

1  fireman    1,75 

1  waterboy     1,00 


The  output  was  260  buckets  In  10  hrs..  each  bucket  holding  l\i  cu. 

yd.  measured  in  cut.  The  wages  and  coal  amounte<I  to  t76  a  day. 
Hence,  not  including  the  cost  of  timber  sheeting,  nor  the  hauling 
and  unloaulng  of  cars,  the  coat  of  excavation  was  about  30  cts,  per 
cu.  yd.  There  was  no  backfllling.  as  the  trench  was  for  a  retaining 
wall.  When  the  bucket  was  traveling  J«0  (t  from  pit  to  dump,  the 
following  time  was  required  for  each  round  trip: 


Raising  bucket   . 

" — ' —  ■-■jcket  8l.  ._ „ 

bucket    36 


Uovlng  bucket  S60 


Returning   t . 

Lowering  bucket   . . 
Cbanglng  buckets   . 

Total    
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Almost  a  eevB.  could  be  aaved  on  each  of  theae  six  items  1(  every- 
tliinK  wenc  ut^ll,  buc  with  the  ordinary  alight  delays  the  above  is 
u.  tulr  uviTUtce  for  each  round  trip — tnal  Is  2%  mias.  A  cable- 
way  may  be  used  to  advantage  In  pulling  sheet  planking,  and  one 
2  x.  lU-in.  plank  burled  16  ft.  In  the  earth  can  be  pulled  In  1  mln., 
thus  making  the  cost  of  timber  removal  merely  nominal  In  pull- 
ing the  plank  use  a -piece  o(  1  k  S-ln.  Iron  bent  into  a  U-ahape  and 
with  a  ring  welded  to  one  leg  of  the  U.  It  clinga  to  the  plank 
even  though  It  la  not  held  by  a  set  screw  or  the  like. 

To  move  one  of  these  cablenays  takes  a  gang  of  15  men  three 
Bays  if  they  are  "green"  at  the  work,  two  days  if  they  are  used  to 
It.  The  anchorage  for  the  main  cable  is  made  by  digging  a  trench 
5  or  6  f  L  deep  and  16  ft,  long.  In  which  a  loe  16  or  18  ins.  In  diam- 
eter and  IG  ft.  long  Is  laid,  and  Che  cable  carried  around  its  center. 
A  short  narrow  trench  leiidB  off  from  the  main  trench  so  as  to  give 
a  clear  way  for  the  cable  to  pass  to  the  top  of  the  tower.  The 
main  trench  is  tilled  with  atones  carefully  laid  over  the  log.  and  on 
top  of  the  ground  over  the  log  is  built  a,  pile  of  atones  i  ft.  high  x 
12  X  12  ft.  To  move  all  this  rock  tor  the  anchors,  to  move  the 
engine,  towers,  cables,  etc.,  and  set  up  again  will  seldom  coat  less 
than  IBO,  and  frequently  costs  JTE,  to  say  nothing  of  the  lost  time. 
If  this  cost  18  added  to  the  cost  of  excai'atlng  the  earth  In  a  trench 
3ID  ft.  long,  it  will  amount  to  several  cents  per  cu.  yd.  Thus  If  th« 
trench  is  only  6  fL  wide  x  9  ft  deep,  there  will  be  740  cu.  yda  in 
3T0  ft.  of  trench,  and  it  it  costs  fli  to  move  tho  cableway,  we  have 
10  cents  per  cu.  yd.  of  trenching  chargeable  to  the  cableway  mov- 
ing, besides  the  cost  at  excavation  and  backflll.  For  deeper  and 
wider  trenches  this  coat  of  moving,  being  distributed  over  a  greater 
yardage,  becomes  a  comparatively  small  item.  Elach  case  must  b« 
treated  as  a,  aeparate  problem,  in  aacertalning  the  cost. 

The  following  data  have  been  obtained  from  The  Carson  Trench 
Machine  Co.,  of  Charlestown.  Boston.  Mass.,  makera  of  the  Carson- 
Lldgerwood  cableway  much  used  on  the  Bapid  Transit  Subwuy 
New  York  City: 

Two  A-Bhaped  bents  or  towers,  20  to  35  ft  high,  and  SOO  to  iOO 
ft  apart  support  the  IVi-ln.  cable  along  Which  the  bucket  travda. 
A  hoisting  engine  at  one  end  with  two  I  x  ID-ln.  cyllndsra  and 
capable  of  lifting  G,000  iba.  raises  and  tranaporta  the  bucket*  at  a 
speed  of  4*0  ft  a  minute,  or  G  milea  an  hour. 

Aside  from  the  men  required  to  nil  the  buckets,  the  force  re- 
quired consists  o(  an  englneman,  a  nreman,  a  Signalman,  and  a 
dumpman;  and  U  to  4-ton  of  coal  is  daily  consumed.  On  a  sewer 
In  Orange,  N.  J.,  44  buckets  (1  cu.  yd.)  were  handled  per  hour 
on  an  average.  BD  being  the  maximum.  The  output  depends  upon 
the  number  et  men  digging,  and  the  character  of  the  material,  but 
350  cu.  yda  a  day  may  be  taken  as  a  good  output. 
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Tbe  tollowiag  coila  are  slven  In  lettars  to  the.  Carson  Trench 
Uachlne  Co. 

Mr,  Frank  P.  Davis.  C.  B.,  gives  the  tollowing  for  a.  sewer  In 
WaablnKtOD,  D.  C:  Wldlh  ol  trench,  18  IL  ;  depth  at  which  cable- 
way  began  work.  15  ft. ;  distance  of  travel  of  1  cu.  yd.  bucket, 
150  It. :  number  of  trips  per  hour,  3G ;  hours  per  day,  8 ;  material, 
cMitented  cravel.    Cose: 

Enslneman    f  Z.OO 

Fireman    1.2S 

Signalman     1.00 

2    dumpers,    at    »1 2.00 

Coal,    oil    and    waste l.GO 

Interest    and    maintenance     (estimated)....      T.OD 

fl4.T5 

30  men  picking  and  shoveling 30.00 

Total    for   280   cu.   yda I44.TS 

Cost  of  picking,  Bhovellnff,  hoisting  16  It.  and  conveying  150  ft 
to  wagons,  16  cts.  cu.  yd.  (Note  that  the  wages  were  very  low.) 
Bracing  and  sheeting  was  going  on  at  the  same  time ;  the  men  did 
not  mow  they  were  being  timed. 

James  PllkJngton,  ot  New  York,  says:  "I  have  excavated  and  re- 
filled 2S0  cu.  yds.  in  ID  hours  at  an  exuense  of  16  cts.  per  yard. 
For  rock  excavation  the  cableway  has  no  equal.  I  have  taken  the 
machine  down  and  moved  350  fL,  and  put  up.  and  was  In  working 
order  In  three  hours  and  titty  mlnutea"  This  Is  unusually  fast  and 
Indicates  that  Mr.  Pllklngton  did  not  raise  his  towers  by  "main 
force  and  awkwardness." 

Cost  ot  Sewer  Trench  and  Back  Filling.— The  city  of  Holrobe, 
Mass.,  built  a  system  ol  sewers  during  lOOS.  The  main  sewers  are 
.  39  Ins.  and  E4  Ina  These  are  built  of  concrete  blocks,  there  being 
1,333  lln.  ft.  of  them.  The  eewers  were  built  by  contract,  but  the 
excavation  and  backfilling  was  done  by  day  labor,  under  the  direc- 
tion of  the  city  engineer. 

One  trench  was  dug  It  ft.  deep  and  about  tVi  ft.  wide,  through 
sand  and  clay.  The  material  wae  thrown  on  the  side  of  the  trench 
and  used  for  backlUllng.     The  following  wages  were  paid  for    an 

Foreman    $8.60 

Laborers    3.00 

There  were  excavated  from  this  trench  2%  cu.  yds.  per  lln.  ft 
The  cost  per  cu.  yd.  was  tl.Sl,  giving  a  cost  per  lln.  ft.  of  |2.82. 

The  second  trench  wae  14  ft.  deep  and  atraut  6  (t.  wide,  the  ma- 
terial being  the  same,  mainly  sand  and  clay.  There  were  3.11  cu. 
yda.  of  excavation  per  lln.  ft.  The  cost  of  excavating  and  back* 
tilling  this  trench  was  11.35  per  cu.  yd.,  making  a  cost  per  lln.  ft. 
of  13.90.    Alt  the  excavation  and  bachtllling  wae  done  by  hEtnd. 

These  high  costs  show  how  Inefficient  Is  the  day  laborer  when 
working  In  the  employ  of  a  city  Instead  of  a  contractor. 
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Coit   of   excavating   Trench   With   Orange   Peal    Bucket.— fn  Sn- 

OineeTinn-CoMTacting ,  April.  1306,  a  detailed  ileocrlplion  la  giveo 
of  the  plant  and  methods  used  in  building  a  large  aewer  In  ChlcaKO 
by  city  torcea.  For  part  of  the  work  a  1  cu,  yd.  orange  peel 
bucket  was  used.  A  traveling  derrick,  on  rollera,  was  used.  It 
was  designed  to  awing  In  a  (uU  circle.    The  crew  wan : 

Per  day. 

I  enKlneman   - (  -j.gO 

1  flroman    £.50 

1  signal    man 3.25 

1  powder  man 3.25 

2  laborers   at    f  3.ZE S.EO 

Total  per  day (20.30 


On  the  asHumptlon  that  150  cu.  yds  were  excavnted  per  day, 
the  labor  cost  wua  4,5  eta.  per  cii.  yd.  About  50  lbs.  of  dynamite 
and  \  ton  ot  cual  were  used  each  eight-hour  diiy.  The  coal  at  tbe 
dynamite  was  17.50  and  the  coal  cost  13  per  ton,  making  the 
total  cost  for  dynamite  and  coal  J9.15.  The  tolal  cost  per  day 
for  excavating  thus  was  130.05;  and  the  rost  per  cubic  yard  was 
lt.6  cts..  exclusive  of  the  wear  and  tear  on  the  machine. 

In  this  excavation  the  swlnginK  derrick  with  the  orange-peel 
bucket  could  be  walked  to  better  advantage  than  h.  steum  Bhovel. 
inasmuch  as  it  could  work  between  the  braces,  which  were  11  ft, 
centers.  The  bracing  w.ih  placed  as  the  excavation  proceeded,  and 
when  the  trench  escavation  was  completed,  the  braces  were  all  In 
place.  By  the  use  of  the  derrick  the  excavated  material  could  be 
deposited  far  enough  from  the  trench  bo  as  not  to  necessitate 
rehandllng.  In  the  ease  of  a  steam  shovel  It  would  have  been 
necessary  Brst  to  put  in  a  temporary  brncinjr.  and  a  permanent 
bracing  afterwards.  Also,  the  boom  of  a  steam  shovel  would  not 
be  long  enough  to  fiepoalt  the  excavated  matter  the  necessary 
distance  from  tho  trench. 

■rick.*— The  trenchtnj  waa 
:  Big  Rapids.  Ulch.  The 
trench  was  4  ft.  wide  and  \'uried  from  14  fL  Z  Ina  to  IT  fL  3  Ina 
deep.  A  15-ln.  pipe  sewer  was  laid  In  the  trench.  A  length  of 
1,000  It.  of  sewer  was  conslructed.  The  material  was  gravel  and 
boulders.  As  much  as  3  cords  of  stone  in  400  ft.  of  trench  Were 
removeii.  many  of  the  boulders  required  a  3.000-lb.  chnin  fall  to 
handle  them.  In  addition  most  of  the  stone  lay  from  12  to  IG  ft, 
deep,  which  made  It  very  dimcult  to  handle  them  between  the 
braces.  The  gravel  was  treacherous  and  hard  to  hold,  requiring 
(WO  and  somellmes  three  sections  of  sheeting  and  three  and  (our 
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The  flrsl  1  to  fl  ft.  ot  the  trench  wns  excavated  by  means  ot  !i 
slush  acravtr  fltted  with  inside  ears  and  ball  ao  tliat  It  would  lul 
vertical  allies  wlKiout  the  use  ot  shovel  or  pick.  A  team  and  driver 
lit  (3.75  per  day  diil  all  this  dlgginK  and  also  all  tHUnR.  The  K-.ins 
employed  and  tlie  wages  per  day  were  as  follows: 

Item.  Per  day. 

1   forpmnn    :it    )2 t  2.00 

1   SI  ruper  team  and  driver  at_|S.To 3.7u 

1  man  ilumplnB  siTUper  at  Jl.SU ..'.'.     l*Gi) 

2  men  rulllne  sluetlng  and  carrying  it  ahead  at 
»i.iO     3.00 

1  man  settinK  OP  sertlon  of  sheeting  it  f  1.50. , .  l.i" 

1  man  lendlnR  derrick  at  tl.EO l.su 

1  iinrse  .ind  driver  on  hnul  line  at  t-'.SO 2.50 

4  men  HIIItib  1  buckets  at  {l.sO fi.OO 

1  mail  laylntt  pipe  at  |2 2.00 

1  plpelayer's  helper  at  tl.50 1.50 

Total     126.76 

ThiB  gang  ivimpleted  from  4E  to  31  ft.  of  sower  per  day;  tlila 
gives  a  labor  cost  of  is.2  cts.  to  4».5  cts.  per  lln.  It.  ot  sewer. 

The  derrick  UBeil  on  this  work  was  a  No.  1  Parker  derrick  mn<le 
by  (he  I»arker  Hoist  &  Machine  Co..  Chicago,  ill.  Regarding  llin 
nervii-e  of  IhLa  derrick  the  contractor.  Mr.  D.  J.  Shafer,  Big  Raplils, 
Jtflcli.,  says : 

"In  speaking  of  the  derrick  I  can  any  that  It  reduced  the  coKt 
of  my  ditch  from  7B  cts.  per  lln.  ft.  to  59  cts.  per  lln.  ft.  As  Hii..n 
a^  I  put  the  derrick  on  the  Job  I  cut  my  crew  from  26  and  2K  men 
down  to  le  men  and  dug  mare  trench  with  much  more  ease  than  I 
did  with  the  23  men.  The  buckele  held  about  1/8  cu.  yd.  and 
irlth  common  work  tind  4  men  (lillng  buckfts.  1  man  dumping 
buckets,  1  man  on  the  milch  I  ne.  with  1  man  and  horse,  would 
handle  Gl  to  6S  buckets  ot  dirt  every  hour  for  10  hours 
each  day.  In  regard  to  moving  the  derrick,  will  say  It  never 
took  us  over  7  miiis.  to  pull  up  stakes,  move  ahead  16  to  32  ft.  nnd 
stake  down  and  ready  to  lift  dirt  from  the  ditch.  We  moved  the 
derrick   two  and   three  times  a  day." 

Sliaa  and  Prices  ot  Stwer  Pipe.— The  manufacturers  of  vllrllled 
sewer  pipe  cast  of  the  Illinois-Indiana  line  adopted.  L)eceml>er  1!>, 
ISOl.  the  standard  weights  and  list  prices  given  in  Tables  I.  II 
and  III.  The  western  manufacturers  use  weights  and  list  prices 
Sboivn  In  Table  IV. 

On  the  Pacific  Coast  and  In  parts  of  the  Northwest  and  South- 
■Viett,  some   strictly   local   lists  are   used  occasionally. 

The  standard  length  Is  2  ft.  for  pipes  up  to  ami  Including  24-ln. 
pipe.  The  standard  length  Is  2  ^^  ft,  for  27-ln.  to  36-in.  pipe.  The 
■lie  ot  the  pipe  is  designated  by  Its  Inside  diameter.  It  will  be 
noted  that  the  list  prices  vary  almost  exactly  with  the  weight  of 
tlie  pipe.  Up  to  IS  diam.  the  Western  price  list  follows  closely  the 
formula  ;    List  price  =  0.^d'  +  IB. 
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T*et^  I. — Fricbb  » 


tlian   IB    Ins.,   each.... 
WeiRht,  por  ft..  I'bB. 

aise.  Inches. 
StriLlght   pipe,    per   foot.. 


r    STANDAItD   SBWKB    PtPE. 
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tU.2U 
0.66 
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a.i2 

1.60 
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Hi 

kli 

i:IS 
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Yb    or     Ts.     iniets"'  amallei 

than    15    ins.,   each 

Traps,   each    

Weight,  per  (t.,  lbs. 


.(O.TS      ll.OO      fl.31 


9.00      15.00     22.00 


Yh    or    Th,    inletB    i 

than    IB  Ins..  each. 

Weight,  per  fL,  lbs.. 


4.61     21.25      27,50     S1.2B     SB.*" 

140      224      3s:      aio      »0 


TASt.E    It. DlUKKSIOKB   OF    S] 

standard  Pipe. 


Space.  peftt. 


Special  Deep  Sotket  Pipe. 


3W 
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— Wbbtkhn  Price  List  op  Stanrard  Vitmfikd  Pipe. 
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lATga  discounts  from  these  prices  are  glv 
(AUKUBt.  1909)  discount  for  Etestrm  Pennsylvani: 
Standard  Pipe— 

J-ln.    to    24-ln.,    Inc. 

27-ln.    anil     30-ln 

33-lD,     and     38-ln 

Double   Strength — 

16-in 

18-ln 

20-ln.   to   ai-ln 

27-En.    and     30-ln 

SJ-ln.     and     3«-ln 
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z;-1n.    iind    30-ln 76 

J3-ln.     and    36-ln 71 

All  pipe  and  brunclies  In  2V«  ti.  or  3  (t.  leogthB  to  take  Z  p«r  cent 
less  discount  than  above,  except  2T  [n.  and  over. 

Deep  and  Wide  Sockets  on  Standard  Pipe  4-ln.  to  24-ln.,  Inclusive, 
2  per  cent  less  than  schedule  discount.  No  extra  cliarKS  Is  made 
for  Deep  and  Wide  Sockets  on  Double  StrflnBth  Pipe  lE-ln,  to  21-ln. 
Inclusive.  Sizes  :!7-ln,  <o  Se-ln.,  inclusive,  are  made  only  In  Deep 
and  Wide  and  no  extra  charee  ia  made  tor  game. 

On  First  Quality  Pipe,  1  per  cent  lese  discount  than  the  above 
for  allowing  breakage  and  inspection  at  railroad  point  of  deUvery. 

Freight  allowed  on  car  lots  to  points  where  the  rate  on  Sewer 
Pipe  from  Akron,  Ohio,  is  more  than  14  cla.  and  does  not  exceed 
le  ctB.  per  OWL 

Terms:  30  days  or  2  per  cent  o(I  nel  blll»,  after  all  deductlona 
have  been  made,  for  cash  in  15  dayfa  from  date  of  shipment.  Bre;ik- 
iigc  (It  any)  In  transit,  at  risk  of  purchaser.  (Patlon  Clay  Mtg. 
Co..  Pattbn,  Pa.) 

Iliscounts  from  Western  IJet.  St.  Louis,  delivery  (Evens  tc  How- 
ard Fire  Brick  Co..  SI.  IiOUis),  August.  1»09,  are: 

Per-eent. 


Standard   Pipe—                                                        ] 

Double  Strength— 

6:!i 

SB 

Cement  Required  (or  Bewer  Plpa  Joints. — There  nre  two  kinds 
of  sewer  pipe:  (1)  The  Btand.-ird  pipe  with  shallow  Joints:  and 
fi)  tlie  special  deep-socket  pipe  with  wide  and  deep  Joints.  Tti« 
dimensions  of  these  two  kinds  of  Joints  nre  Riven  in  Tablee  II  and 
111.  Unless  otherwise  speclfled,  the  atandnrd  pipe  with  shallow 
Joints  ia  used :   but  many  engineers  prefer  the  deep-socket  pipe,  and 

If  the  mortar  is  filled  In  Ihe  pipe  Joint  and  cut  off  vertically, 
Ousli  with  the  face  of  the  bell,  the  Joint  la  called  a  "flush  Joint."  If 
the  mortar  Is  also  plastered  on  the  outside,  and  beveled  on  a  1  to  1 
slope  from  the  outer  edge  of  the  bell  to  the  l>ody  of  the  enierlnB 
pipe,  the  Joint  is  called  an  "overfilled  Joint"  or  a  "beveled  Joint." 
The  amount  of  morfnr  required  for  each  of  these  kinds  of  Joints  ts 
given  In  Tables  V  and  VI.  I  have  made  no  allowEtnce  (or  the  space 
in  the  Joint  occupied  by  gaidcet  or  yarn.  For  dIscuMlon  Of  the 
amount  of  cement  per  cubic  yard  of  mortar  see  page  ZB3. 
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Tabia  v. — Cbmbmt  Rbqdihhi  to  Lat  100  Ft.  or  Standard  Sbweb 

iZ-tt.  LenRths.) 
SUeof  pipe,  [ns....        4.         6.         8.        10.       12.      15.       18.       20.       24. 

Flush    JolnlB 

Overfilled  joints. . 
Bbls.   cement   (I   to 

Flush    JoinlH. 038  .052  ,050  .«''.  .JOO  .160  .100  .220  . 

Overfilled  Joints..   .080  .J41  .232  .238  .348  .4S1  .040  1.04  1 
Bbls.    cement    <1    to 
2  mortar)  : 

Plush    Joints 027  .039  .012  .054  .076  .120  .ISO  .165  . 

Overfilled  Joints. .   .060  .108  .114  .!16  .3«1  .348  .480  ,780  . 

100    Ft.    Of    Spbciai,   D 

(2-Ct,  Lengths.) 
Size  of  pipe.  Ins.. . .        4.         6.         8.        10.       12,       15.       18.       20. 
Cu.  yds.  mortar  :• 

Flush   Joints 

Overfilled  Joints. . 

Bbls.   cement  (I   to 

1  mortar)  ; 

Flush   Joints 

Overfilled  Joints, . 
Bbls.   cement   <1   to 

.270    .390    .435 


■The  number  of  barrels  of  cement  requli 
— .__  ■ — ■ — 1.=..      .  [jnve  asB — 


pase  253,     I  hove  assumed  4  bhia,  per  cu.  j*<l.  tor 
I  VI  I  moriar.  anu  3  bblS.  p *    '""    '  ""   '  '" 

To  calculate  the  coat  of  cement  per  lineal  foot  cf  pipe  line  mul- 
tiply the  fraction  of  a  barrel  of  cement  (given  In  Tubloa  V  ;iii<l  VI I 
by  the  prices  of  cement  In  dollars  per  barrel.  Thus.  It  femenl  [e  S3 
per  bbl.,  and  the  mortar  Is  mixed  1  part  cement  to  1  part  sand,  and 
de^-sochet  pipe  Is  to  be  used  with  overfilled  Joints,  we  find,  from 
Table  VT.  that  a  6-in.  pipe  requires  0.4  bbl,  cement.  multlplylnB 
this  0.4  by  2,  gives  0  8  ct.  per  !ln.  ft.  as  the  cost  of  cement,  when 
cement  Is  »2  per  bbl.  Under  tlieae  s-inie  conditions  the  cosi  of 
cement  per  lln.  tl.,  for  different  slzea  of  pipe.  Is  ns  follows: 

Sire    Of  pipe.    Ina. 4         6         8       10       12       15       18       20       24 

Cement,    per   tL,    eta 0.6     0.8      1.1      1.4      1,S      2.4      2.7      3.5      4,8 

Colt  of  Hauling  Sewsr  pipe The  n'elght  of  sewer  pipe  Is  j^lven 

In  Table  I,  and  It  2  Ions  (4,000  lbs.)  are  hauled  per  wagon  lua.l.  a 
wagon  will  carry  Che  tollowliiK  amounts  of  pipe  at  the  costs  ^ven ; 

Size  of  pipe,    ins 4  S  g         10       12       15       IB       20       24 

Lin,   ft   per  wagon..     444       26',      174       114       92       66       46       40       2S 
Cost   of   hauling,    ets, 

perllD.  ft.,  per  mile  0.10     O.tE      0.26      0.40     0.6     0.7      1.0      1.1      l.« 

The  cost  of  hauling  Is  based  upon  wages  of  t3,50  a  day  for  team 
and  driver,  and  16  miles  traveled  per  day.  It  Is  assumeil  thai 
eoou^  men  are  provided  at  both  ends  ot  the  haul  to  load  anil 
unload  the  wagon  rapidly  enough  to  leave  the  team  time  to  cover 
Its  16  miles,  or  that  extra  wagons  are  provided  (or  each  team.    The 
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coat  of  hauling  12-ln.  pipe.  It  will  be  seen,  is  ^4-ct.  per  Iln.  ft,  per 
mile.  This  does  not  Include  the  cost  □(  loading  and  unloading  the 
pipe,  which  IB  practically  as  much  more  aa  the  cost  of  hauling  II 
one  mile.  Thus  for  i2-ln,  pipe,  the  coat  of  loading  and  unloading  le 
^-cL  per  Iln.  fc,  and  to  this  must  be  added  the  coM  of  hauling  at 
the  rate  o(  t4-r(.  per  lin.  ft.  per  mile  of  distance  from  the  freight 
>-ard  to  the  sewer.  In  other  words,  to  calculate  the  cust  o(  loading 
and  hauling  pipe,  detormino  the  actual  number  of  miles  from  the 
freight  yard  to  the  sewer  and  add  1  mile  (to  cover  the  cost  of  load- 
ing and  unloading),  then  multiply  by  the  cost  of  hauling  given  In 
the  table.  For  e.^:ample.  If  the  actual  haul  Is  1^  miles,  then,  by 
the  rule,  add  1  mile,  which  makes  2Vi  miles.  If  the  pipe  Is  ID-lit. 
pipe,  the  table  gives  us  0.4  ct,  per  ft.  per  mile,  which  multiplied  by 
the  2H  miles  gives  1  cL  per  ft. 

Colt  of  Laying  Sewer  Pipe. — This  will  dEpend  largely  upon 
Whether  each  pipe  layer  Is  provided  with  one  or  with  two  hdpers 
to  mil  mortar  and  supply  materials.  Aa  will  be  seen  from  casev 
aubaeiguently  given,  two  helpers  to  each  pipe  layer  do  not  ordinarily 
Increase  the  output  sultlclently  to  Justify  the  extra  cost. 

Pipe  laid  In  a  trench  dug  in  rock,  or  In  quicksand,  usually  costs 
twice  as  much  for  the  labor  of  laying  as  In  ordinary  earth.  When 
a  pipe  layer  receives  tS.SS  and  bis  helper  recelvas  tl-TE  a  day.  the 
following  costs  per  lineal  foot  are  easily  attainable  under  good 
management,  and  where  no  rock  or  quicksand  are  encountered: 

Size    of    pipe.    Ins 4      6        S      ID        12     IS       ZO     U        30     it 

as.    per   im.    (L 1      1%   2        2W      S        JM      4        41i      5       6 

As  will  bt^  seen  from  records  given  later  on,  the  costs  of  pipe 
laying  are  frequently  two  or  three  times  the  above  figures,  but  any 
contractor  who  finds  his  costs  running  higher  than  the  above,  had 
better  Investigate  his  management.  By  giving  the  men  a.  bonus  for 
every  foot  laid  In  excess  of  a  given  number  of  feet  laid  each  day 
the  costs  of  pipe  laying  may  be  reduced  considerably  below  the 
above  given  figures.  Of  course  the  cost  of  trenching  and  backnillng 
Is  not  included  In  the  above  costs. 

Diagram  Giving  Contract  Prices  of  Sewers.— The  diagram.  Fig.  2, 
ll  one  that  I  have  prepared  from  data  given  hy  Mr.  G.  M.  Warren, 
based  upon  contract  prices  for  about  SO  miles  of  sewor  work  In 
Newton,  Masa,  and  covering  a  period  of  four  years.  18II1-189S. 
The  wages  of  common  laborers  were  (l.BO  tor  10  hra 

The  prices  for  trenching  Include  excavating,  sheeting  and  back- 
nillng In  earth:   and  do  not  relate  to  work  In  rock  or  quicksand. 

The  price  of  1  ct.  per  Inch  of  diameter  of  pipe  per  Iln.  ft.  laid. 
.  .s  hauling  of  pipe,  labor  of  laying,  and  cement  for  Joints. 
e  price  of  pipe  Is  70%  off  (he  list  price  given  In  Table  I.  plus 
20%  to  cover  the  cost  of  branches  which  are  placed  26  ft.  i^arL 
For  example,  Ihe  list  price  of  12-ln.  pipe  Is  11.00 ;  and  with  70% 
discount  the  price  becomes  30  eta.  Now,  20%  of  SD  eta  Is  €  ct*. 
which  approximately  covers  the  extra  cost  of  branches  spaced  SB  ft. 
apart,  so  that  the  total  cost  of  the  pipe  tor  a  ll-ln.  pipe  line  U 
30  eta  plus  fl  eta,  or  30  cts.     To  this  is  added  IE  eta   (1  ct.  for 
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Depth        In        Fee+. 
FIb-  i.     Contract  PrloeB  oC  Pipe  Sewers. 
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each  12  ina.  of  diameter)  to  cover  tlie  price  at  "laylnd,"  making 
u  total  of  *8  CIS.,  exclusive  o[  trenching.  The  first  8  ft.  In  depth 
ul  trench  are  dug  at  a  price  of  bO  cIo.  per  cu.  yd.  The  next  G  tL 
below  are  dug  at  a  price  ol  GO  cts.  per  cu.  yd.,  and  the  price  for 
each  succeeding  S-fL  lift  Is  £G  cts.  higher  per  cu.  yd.  than  ihc  pre- 
ceding lift.  ThIa  is  based  upon  the  assumption  that  trench  machlnea 
are  not  used,  and  that  the  earth  Is  raised  In  E-fL  llfta 

To  show  how  to  use  the  diagram,  an  example  will  serve.  Sup- 
pose It  Is  desired  to  know  the  contract  price  for  a  12-ln.  sewer  In 
a  trench  15  (t.  deep.  Start  at  the  bottoni  of  the  diagram  on  Ihe 
line  marked  15,  and  follow  the  line  up  until  It  meets  the  sloping 
line  marked  if".  Then  atartlng  from  this  Intersection,  follow  (he 
BtraJirtit  line  acrosa  the  page  to  the  right  until  the  side  o(  the  dla- 

one  division  ahove  fl.EO  :  and,  as  each  division  is  equal.  (□  5  cts., 
Ihe  price  1b  tl.G5  for  a  12-ln,  pipe  In  a  IS-ft,  trench.  This  price 
includes  contractor's  profits. 

Cost  of  Pipe  Sewers  at  Atlantic,  la  —In  Bngirteerino-Contracting, 
May  IS.  130T.  appeared  the  ftrat  of  o.  series  of  articles  on  the  i:'ost 
of  pipe  Bewera,  the  data  for  which  were  gathered  by  Ur.  M.  A.  Halt. 
tli<-  engineer  in  chaige  of  the  work.  Mr,  Halt  had  the  inspectors 
report  dally  the  organization  at  the  forces  working  under  the  vari- 
ous contracloifl,  and  the  amount  of  work  accomplished.  With  the 
exception  of  the  Item  of  cement  used  In  filling  the  pipe  joints.  It  Is 
lieileved  that  these  records  of  coat  are  very  reliable.  The  first  of 
this  series  of  articles  related  to  sewer  work  a(  Atlantic.  Iowa.  The 
data,  as  originally  piibllshed  In  Engineering-Contracting,  were  so 
voluminous  that  I  have  made  a  great  condenaatlon.  but  I  believe 
that,  in  the  condensed  form  here  given,  the  coats  are  more  avail- 
able (or  nue.  and  that  ni)ihlnB  of  great  importance  haa  been  omitted. 

The  excavation  was,  for  the  most  pari,  a  clay  not  difficult  10 
apade.  and  retiiilring  little  or  no  bracing  and  prnctlcnlly  no  pump- 
InK.  The  "bottom  men"  ahovdcd  the  enrth  out  of  the  trench  and 
the  "top  men"  shovelml  aa  much  of  it  buck  from  the  edge  as  was 
necessary.  Tlie  backdlllnB  was  done,  for  the  moat  part,  by  a  team 
and  drag  wraper,  and  there  was  no  ramming. 

Table  VII  gives  the  costs  at  Atlantic,  la.  To  the  labor  coStB. 
Mr.  Hall  thinks  10',;  should  be  added  tor  overhead  oharges  and  In- 
cidentals, to  cover  offline  expenses,  hauling  tools,  moving  materials 
from  place  to  place  so  as  to  use  up  odda  and  ends,  etc 

Ttie  contractor  was  his  own  foreman  and  handled  his  men  well. 
The  weather  was  good.  Ihe  work  being  done  between  April  and 
October,  1»04.  A  10-hr.  day  was  worke<l.  Natural  cement  (Louis- 
ville)  was  used. 

It  will  be  noted  that  the  excavation  for  the  20-in.  sewer  coat  leas 
not  only  per  tin.  (t.  but  per  eu.  yd.  than  for  any  of  the  other*  This 
Is  due  :;irge1y  to  the  fact  that  the  trench  was  shallow,  also  to  thfl 
fact  that  the  earth  waa  a  heavy,  black  soil,  very  easily  spaded. 

On  a  short  job  of  IB-in.  sewer,  380  ft.  long,  where  the  trench  wa« 
31  Ins,  wide  and  12.9  tt.  deep.  In  clay  that  waa  good  spading.  th« 
was  as  follows  for  excavation: 
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Bottom  men   10.299 

Top  men    0.104 

Scalfokl   men    0.a4S 

Bracing  men    O.DOG 

Total      (0463 

This  i8  equivalent  to  34. S  eta.  per  cu.  yd. 
The  bnckfllllnK  cost   2.8  cts.  per  i 
The  eons  In  Table  VII  are  avera 


0.007 


yd.  additional. 

ot  several  Jobs. 

3t  these  Jobs  were 

The  mini- 

QB  follows 

tO.013          (0.019 

tO.OZ4 

Total      tO.016 

By  dlvldlnK  the  pipe  layers'  hourly  wage  (22Yj  cts.)  by  the  cost) 
per  lineal  fooL  we  And  the  total  number  of  feet  laid  per  hour  pei 
pipe  layer;  thus.  22W-i- 0.9  =  25  (t,  of  S-ln.  pipe  laid  per  hr.  per 
pipe  layer,  or  25a  II.  per  lO-hr.  day.  In  this  manner  the  tollowlnf 
table  was  calculated; 

8-In.  pipe.  230  ft.  per  day  per  pipe  layer 
10-ln,  pipe.  S75  ft.   per  day  per  pipe  layer 
12-ln,  pipe,  205  ft.  per  day  per  pipe  layer 
lE-in.  pipe.  150  ft.  per  day  per  pipe  layer 
It  will  be  noted  thai  the  10-ln.  pipe  was  laid  with  abnormal  ra- 
pidity In  this  particular  case.    On  another  Job,  10-ln.  pipe  waa  loW 
M  the  rate  of  250  ft  per  day. 


Table  Vii. — Cost  c 


Cement   and   sand.. 

Pipe   layers    

FIpe  layers"  helpers. 


PQ<H  Sewbrs,  Atlantic,  Iowa. 

's-ln.      10-ln.    12-ln.    15-ln.     IS-ln.    3 


■;;  !i!^ 


Foronan  

Total  length  sewer," 
Depth  of  trench,  ft... 
WHlh  of  trench.  Ins 
Cu.  yds.  per  lln.  ft.. . 
Trenching,  ct«.  per  cv 


114      0.010 
30     0.153 


Si! 

0.010 


0.006  0.023 

0.001  0.011 

0.015  0.010 

O.OSO  0,018 

0.021  0.015 

0.1 33  0.078 


0.035     0.029 


0.010    0.009    o.on 


J0.38!l  »0.450  »0.51T  10.584   |0.9I2  10.71 
2.350      2.G60      3,050     1,12S      1,350     2.5E 
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Co«t  of  Pipe  Scwen  at  CentervMle,  Iowa— In  Enolnetrlne-Coit- 
tracting,  June  J2.  Aug,  21,  Sept  18  and  Oct.  16,  1B07.  volumlnoui 
tables  were  publlaheU  giving  Uie  coat  of  pipe  eewere  at  Ceotervilk, 
Iowa,  the  data  (or  which  were  gathered  by  Mr.  U.  A.  Hall.  The 
work  was  done  hy  contract  on  161  different  Jobs,  covering  more 
than  ten  mllea  of  sewer.  The  average  cost  of  pipe  laying,  not  In- 
cluding trenching,  was  as  follows : 

8-in.   pipe,    B.O   ets.   per  lln.   ft.    (average  of   S3   jobs) 

10-n.    pipe,    7.3   cts.   per  lln.    ft.    (averse  of  27  jota} 

13-ln.   pine.    7.5    cts.   per    In.    ft.    (average   of   41   joba). 

IB-in.   pipe.  «.7   cts.  per  lln.    ft,    laveraaa  of  10  Jobs). 

Apparently   none   of    this   work   was  as  well   handled   as   that  at 

Atlantic,    Iowa,    the    data   tor    which    have    been    previously    given. 

Average  costs  on  work  so  simple  aa  pipe  laying,  and  where  no  plant 

1b  required,    often   indicate   nothing   but  poor   management  Or  laii- 

ness.    For  this  reason  the  following  iiiinfmum  costs  o(  work  done  at 

Centerville  are  of  more   value,   as   they   show  what  can   readily  be 

accomplished : 

8 -In.  10-in,  12-ln.  IB -in 

Pipe  layers,  at  30  eta JO,0iO         jo.oi?         to.ois         lO.OlS 

Helpers,   at   17H    cts. 0,012  O.OIB  0.011  0.0=0 

Total    io.022  I0.03S  loToio         ioToSt 

Even  these  minimum  costs  at  Centerville  are  greater  than  the 
average  costs  of  pipe  laying  given  abo\e  for  the  work  at  Atlantic. 
Iowa.  At  Atlantic  the  contractor  usually  had  only  one  helper  to 
each  pipe  layer,  whereas  on  this  work  at  Centerville  (here  were 
UBUttHy  two  helpers  to  each  pipe  layer.  The  wages  of  the  pipe 
layers  at  Centerville  were  nearly  40%  higher  than  at  Atlantic,  but 
the  helpers  received  the  same  wages  in  both  places. 

BaMd  upon  the  above  table  of  minimum  cost,  the  following  la  ths 
number  of  lineal  feet  laid  per  10-hr.  day  by  a  pipe  layer: 
B-ln,    pipe.    3O0    lin.    ft.    per    pipe    layer. 
10-ln.    pipe,    177    lln,    ft.    per    pipe    layer. 
13-1n.    pipe,    15S    lln.    ft.    per    pipe    layer, 
le-ln.    pipe,    186    lln.    ft    per    pipe    layer. 
A   considerable   part    (15%)    of  the  work   done   nl    Centerville  In- 
volved trenching  In  hardpan  itnii  hard  shale,  and  there  was  a  little 
quicksand   and   some  wet   weather   that   caused   the   banks   to   cave. 
Ail    these  increased  not   only   the   cost  of  excavating,    but   also   the 
cost  of  pipe  laying.      On  the  various  jobs  where  Ihe  excavation  was 
entirely    In   shula   and    hardpan.    the  cost   of   laying  was  50^    mora 
than  the  average  costs  above  given  i    so  that  for  10  and  12-|p.  pip* 
the  cost  of  pipe  laying  was  ahout  11  cts.  per  lln.  ft 

Where  quicksand,  or  a  trei 
tored  the  cost  of  pipe  laying  w 
50%  above  the  average   coat. 

The  trenching  averaged  a  coat  of  10  cts.  per  cu.  yd.  for  e):cava- 
tlon  and  4  cts.  per  cu.  yd.  for  backBlling,  except  In  shale  and  hard- 
pan,  where  the  cost  was  about  70  cts.  per  cu.  yd.  for  excavation. 
About  16%  of  the  excavation  waa  shalp  thnt  enuld  \i-  picked  and 
'lardpan.     The  rest  was  mostly  ctny   and   prumho.   requiring  prac- 
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ticaJly  no  aheetlng.  The  trenches  average  about  9  ft  deep.  The 
wldlb  of  the  ircncheB  waa  the  same  ub  at  AcIunLic,  above  given. 
Wages  averaged  IS  ccs.  per  hr.  It  will  be  noted  tluit  Uie  irenthlnK 
at  CentervlUe  cost  praetlcatly  twice  ai>  much  per  cubic  yard  as  at 
Atlantic  In  view  ol  the  fact  that  (he  pipe  laymc  also  cost  twice 
OB  much.  It  would  seem  that  I  be  workmen  ut  Cenlervilla  wete 
about  half  aa  efficient  as  those  under  the  conlraitor  at  Atlantic. 

Foretnao's  and  nalerboy's  wages  are  not  included  in  the  aliove 
given  coBta  for  labor  of  trenching  and  pipe  laying.  Foreman  re- 
ceived 35  cts.  per  hr.,  and  waierboys  12  ia  eta  per  hr.  Their  com- 
bined wages  amounted  to  about  10%  ot  the  labor  coat  of  trenching, 
bOf  kfllling  and  pipe  laying.  This  shows  that  there  were  One  fore- 
man and  one  walerboy  to  25  workmen. 

Coat  of  Pipe  Sewera  at  Laurel,  Mlaa. —  In  Eiigineeiing-Contracltng, 
July  24,  1307,  the  cost  of  3  miles  of  pipe  eeuerH  on  each  of  43  lec- 
tions was  given.  The  data  were  secured  by  Mr.  M.  A.  Hall  In  the 
manner  previously  described  under  the  paragiaph  lolallng  to  sewer 
work  at  Atlantic,  Iowa. 

Negroes  were  employed  and  the  work  was  done  under  Inefficient 
foremen,  except  on  B  ot  the  sectlona  Tlie  working  day  was  10  to 
11  hr&  long.  Common  laborers  received  J1.25  to  tl.SO  a  day,  and 
foremen  received  t3  to  t1  per  day. 

The  excavation  was  mostly  clay,  and  the  average  cost  of  exca- 
vation was  30K  cts.  per  cu.  yd.,  wages  being  assumed  to  average 
12i4  ets.  per  hr.  The  backflll  was  largely  done  by  band,  although 
teams  and  scrapers  were  used  on  many  of  Die  sectlona  The  back- 
fill averaged  about  6  cts.  per  cu.  yd.  The  following  were  the  costs 
on  a  few  of  the  sections  that  showed  (he  lowest  costs: 

Bxcai'Btlon  of  trench  6.3  ft,  deep,  1.S2  hra,  at  12 1^  eta 20.2 

Backflll  ditto,  0.3  hr.  man  at  I'i^i  eta  plus  0.06  hr,  team  and 

driver  at  30  eta B.« 

Rvcav.  of  trench  T.S  ft.  deep,   l.SO  hrs..  at  12'^  cts 23.S 

Biicknil  ditto.  0.24  hr.  man,  at  12H  eta,  plus  0.04  team  and 

driver,   at    30   cts. t.Z 

Bxoav.  at  trench  7.7  ft.  detp,  2.07  hrn..  at  I2H  cts. 2e.O 

Bnckttll  ditto,  0.12  hr.  man.  at  12"*,   cla,  plus  0.03  hr.  team. 

and  driver,  at   30  cts. Z.4 

The  average  costs  of  pipe  laying  were  as  follows  per  lln.  ft, 
wages  being  assumed  to  be  20  cts.  for  pipe  layers  and  UYj  cts.  for 
helpers ; 

g-ln.       10-ln.      IZ-ln.      18-ln.      20-li». 

Pipe   layer,  at   EO  cts. 10.010     f0.012      fO.Oll      fO.OlS      S0.012 

Helper,    at    12H    eta. 0.013        0.012        O.OIS        0.026       0.022 

Total     10.023      tO.024      f0.029     10.041      f0.034 

Number  of   sections 31  3  2  B  3 

There  were,  ordinarily,  two  helpers  to  each  pipe  layer. 
For  comparison  with  the  above  averages,  the  following  mhilmum 
coats  of  pipe  laying  on  certain  sections  are  given : 

12-ln.      18-ln.      20.h). 
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That  these  minimum  costs  vary  so  Bllgh(]y  (rom  the  average  coM 
on  sections  other  than  for  the  8-tn.  pipe  la. due  to  the  fact  ihuC  Ihero 
were  so  tew  scttions  wh^je  aiies  lurger  tlun  S-!n.  were  laid. 

Estimated  Co*t  of  Pipe  Sewen.  —  In  EnaineeTntg-Cimtractiiit, 
April  1,  l;iOS,  the  Tuhio  VII  A  whs  published.  The  estimated 
costs  given  in  this  [able  are  said  to  be  based  upon  tbu  actual  costa 
ot  51  nillea  o(  selvers  built  In  flv<-  cities  where  the  phj'slcal  condi- 
tions were  Hliiillur  to  lliose  ut  Clinton,  Iowa,  as  compiled  by  Mr. 
Cluirles  I'.  Ciiuse.  city  engineer  of  Clinton.  The  lahle  gives  the 
estimated  cost  pei  lln.  ft.,  not  Including  the  cost  of  excavation,  nor 
foreinan:ilii|>  and  Incidentalu. 

r  ha\e  omiited  the  Item  of  "forenmn"  from  the  above  table, 
i'oreniiin^  Siihuy  usually  amounla  to  5  to  IQ%  of  the  ta»ar— not  i 
to  lO'.'r  of  Ihe  Ifxbor  aiiif  materiala. 

I  have  also  omitted  an  Item  of  "intereHt  and  incidentals."  which 
Mr.  Chase  estimates  at  10%  of  the  lolal  cost  of  labor  and  materials. 
Interest  on  money  Invested  Is  a  very  small  item  where  the  con- 
tractor receives  monthly  payments,  and  a  percentage  for  "inci- 
dentals" siiould  apply  only  to  the  labor. 

Mr.  Chase  calls  the  total  of  the  above  Items  a  "constant."  and  to 
this    "constant"    he   adds     the    cost    of     trenching,    which   Is  the 

There  is  an  error  Id  the  Item  of  laying  36-ln.  pipe,  as  will  be 
Been  by  comparison  with  the  corresponding  item  for  30-ln.  pipe. 
The  Item  of  "shipping  loss  and  haul"  appears  to  be  much  over- 
eatlmated ;  so  also  Is  the  Item  of  "lights  and  watchman." 

Cost  of  a  PIdc  Sewar  In  Qulclcsand.  -The  following  data  were 
published  In  Engineering-Contracting,  June  3.  1908. 

Wlldwood  is  a  new  summer  resort  town,  built  a  few  years  ago 
on  the  southern  end  oF  an  Island  called  Five  Mile  Beach,  on  the 
New  Jersey  coast.  Prior  to  the  building  of  Ihe  town  the  site  wai 
c<)vered  at  higli  tide  by  3  ft  of  water.  The  Boil  was  black  mud 
covered  with  thick  meadow  sod.  with,  here  and  there,  piles  ot  sand 
which  were  shifted  by  the  tide.  The  first  work  done  was  to  build 
a  bulkhead  and  by  means  of  dredges  to  raise  the  land  above  Hit 
high  tide.     Then  (he  building  of  the  town  and  resorts  began. 

To  Bene  the  buildings,  a  system  of  terra  cotta  pipe  sewers  uriia 
liiillt.  Tiie  trencli  for  the  entire  distance,  12  miles,  waa  through 
iiulcknand.  from  which  water  bubbled,  and  known  locally  as  "boil- 
inp  sand,"  This  m.akes  both  exponslve  and  difllcult  work,  addhig 
1o  the  cost  of  hiying  the  pipe,  as  It  IB  dllflciilt  to  keep  the  plpss  Bt 
the  proper  grade  and  in  good  nllgnment.  and  the  Joints  are  hard  ta 
caulk,  owing  to  the  water  In  the  ditch. 

The  greatest  cuttlnc  was  6^4  ft,  deep  and  the  entire  trench  waa 
double  sheeted  throughout,  great  trouble  being  experienced  In  keep- 
ing the  trench  even  partially  dry.  Sumps  or  wells  could  not  b* 
made,  as  the  pumps  pulled  out  so  much  sand  under  the  sheeting  ft* 
to  cnuBB  e!lhc-r  the  ditch  to  All  or  the  sheeting  to  cave.  In, 

Tlif  shnetlng  was  put  down  to  a  depth  of  10   ft.  with  a  water 

tractor   could    make  any   headway.      Owing   to   the   numerous   "sail 
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holBs"  encountered,  through  which  the  Itne  at  time  ran.  It  whb  dm- 
esaary  to  makt.-  a  foundation  for  the  manholaa  and  pipe.  Tbla  wai 
done  by  pUlns  spaced  T  ft.  apart  and  E  In.  c  to  c  On  the  pllea 
4  :<  4  yellow  pine,  8  ft  long,  was  spiked,  and  to  this  waa  spiked 
hemlock  planks  2  x  8 — 12  ft.  long.  The  pipe  was  laid  on  this  and 
the  hole  filled  with  sand  and  salt  hay. 

It  a  manhole  was  locuted  at  one  of  theae  "aalt  holes."  t  piles,  10 
to  IE  ft.  long  were  driven  4  ^  f L  c  to  c.  Four  railroad  ties  vera 
then  spiked  together  with  two  pieces  of  batten,  and  the  whole  bolted 
securely  to  the  piles.  On  this  foundation  was  placed  a  box  i  tt. 
square  and  10  Ina  deep,  the  bottom  being  covered  with  tongue  and 
grooved  floor  boards,  and  In  some  cases  lined  with  canvas  and  the 
Inside  covered  with  coal  tar  pitch.  The  concrete  was  placed  In  the 
box,  the  pipe  line  run  through,  and  the  brick  work  completed. 

As  a  general  i^ule.  water  was  struck  In  excavating  the  trench 
about  18  Ina  below  the  surfaca    The  pipe  laid  was  S  and  It  In. 


Wtf*— 
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..,,.    ...    and    (9)    Steam   Pipes;    (10)    Pipe  to 
Water  Supply- 
terra  cotCa.  hence  the  ditch  was  made  only  wide  enough  (or  a  man 
to  work  in  It  easily,  this  width  being  2  ft.  for  a  ditch  e  to  T  fL  In 
depth. 

The  method  of  excavating  waa  as  follows:  By  using  the  piston 
pump  the  she.ithlng  was  put  down  for  a  distance  of  ISO  fL  along 
the  trench,  and  a  closure  made  at  each  end.  Then  10  laborers  were 
put  In  the  trench  and  excavation  made  to  the  water  litis.  wbM 
rangers  and  broces  were  set. 

The  piston  pump  waa  then  started  pumping  walar  into  this  "land 
coffer  dam."  A  centrifugal  pump  was  moved  Into  position,  and 
the  dlschnrRe  pipe  placed  midway  In  the  last  section,  where  the 
sewer  pipe  had  already  been  laid.  Thus  the  centrifugal  pump  ex- 
nivated  the  material  from  the  forward  section  and  bacbfllled  tbs 
lost  section  at  the  same  time.     See  Pig.  S. 

When  grade  was  reached,  the  foundation  piles  were  Jetted  down 
and  the  cradle  constructed.  The  pipe  was  then  laid,  the  Joints  being 
made  with  cement  and  tar.     The  next  section  was  then  done  In  the 

The  sand  excavated  was  quite  coarse,  and  but  little  agltatlOD  was 
necessary  with  shovels.  In  order  to  allow  the  pump  to  pick  up  the 
sand.    When  the  sand  la  fine  grained,  much  more  water  Is  needed. 
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and  likewise  the  sand  muat  be  iiRltaCed  with  abovelB.  Wttli  ex- 
tremely fine  sand,  the  men  must  be  relieved  frequently,  as  the  work 
In  hard,  and,  as  the  pumps  take  up  a  much  smaller  percentage  of 
the  sand,  the  ditch  must  be  kept  with  a  larger  amount  at  water  In 
It,  and  the  men,  being  compelled  to  stand  In  the  water,  feel  the 
effect  ol  it  quickly. 

At  times  when  the  contractor  got  as  deep  In  Ihe  trench  as  the 
orlKlna!  ground  surface,  be  encountorcd  a  considerable  number  of 
roots  that  had  to  be  cut  out.  but  this  was  aeldom  necessary. 

F)g,  3  eboWB  the  layout  of  the  plant  to  do  (he  work  In  the  manner 
described.  In  this  way  an  average  of  100  Ifn.  ft.  of  trench  was  duff 
and  pipe  laid  per  day,  while  another  contractor  doing  similar  work 
by  another  method  averaged  only  from  35  to  50  f[.  per  day. 

The  cost  of  driving  the  sheeting  and  pulling  It  for  Ihe  300  Un.  ft. 
of  trench  done  per  day  was ; 

Boss  timberman    t  3,K0 

Fireman  on  Jet  pump 1.50 

One  man  setting  sheeting 3.00 

Two  helpers,  at  1150 3.00 

Three  men  pulling  sheeting,  at  tl-^'l 1,60 

One  man  carrying:  sheeting I.EO 

Two  men  bracing  trench,  at  (2.00 4.00 

One  man  pumping   1.7S 

Coal   and  oil    1.00 

Total J21.7S 

This  gives  a  cost  per  Un.  ft  of  trench  of  7  cts.  for  driving  and 
pulling  sheeting,  and  as  there  was  0,080  Un  ft.  of  sheeting  driven 
and  pulled  a  day,  II  makes  a  cost  per  lln.  ft  of  sheeting:  H-ct. 
With  3-ln,  sheeting  used,  the  amount  of  timber  was  O.OOO  ft  B.  M., 
which  cost  126  per  U.  This  timber,  being  driven  with  a  water 
Jet,  was  used  time  and  time  again.  The  sound  piles,  which  were 
from  10  to  IS  ft,  long,  coat  26  cts.  apiece,  and  the  cost  of  driving 
them  was  1.5  cte.  per  lln.  ft 

The  cradle  tor  the  pipe  was  built  by  two  men.  each  at  12  per  day. 
Tbey  built  300  lln.  ft  per  day,  which  meant  a  cost  per  ft  of  trench 
of  2  cts.  The  amount  of  lumber  In  200  ft  of  cradle  was  866  ft. 
B.  U.,  which  meant  a  labor  cost  for  framing:  of  about  (5  per  U. 
The  lumber  cost  tit  per  M. 

The  dally  cost  of  digging  the  trench  and  backfilling,  and  of  lay- 
ing the  pipe  was : 

Foreman,    10  hrs. I  4.00 

Faght  men  dlgglnr,  at  11.60 12.00 

Two  men  trimming,  at  $1.60 3.00 

One    engineman     3.00 

One  pumper   3.60 

Two  plpemen,  at   12,00 *.00 

Coal,   at   15.00  per  ton 1.26 

Rent  of  boiler 2.00 

Rent   of  pumps 2.50 

Rent  of  engine 2.00 

Two  plpelayers.  at  (2.00 4.00 

Two  pipe  carriers,  at   tt.50 3.0O 

One  man  on  mortar  and  Jute 1.50 

Total 114.75 
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The  exL'fkvatlon  anil  iHii^kfllllnK  done  by  the  pumper  can  be  listed 
us  milows: 

Cost  PIT  Un.  ft.  of  trench: 

Laljor     (O.OSS 

Coal     0.004 

Plant  rentiil    0.8E! 

Total     J0.05R 

Eaeh  day  this  pliint  c\cnvnte(!  iihout  200  cu.  yds.,  hcnre  the  wwl 
per  cu.  yd.  was: 

Lnbor    10.047 

Coal      O.OOS 

Plant  rc.it.il    0.033 

Toliil    10.086 

Tills  Is  a  very  low  cost   for  pxrai-aling  enrtli  from  a  trench  anil 
hnckfllllDK   It. 

The  terra  cotia  pipe  cost  16  eta.  per  Un.  ft.  and  the  hauling  of  It 

The  totiil  cost  per  Un.   ft.  ot  pipe  laid  was  as  follows.  exrhialrP 
of  manholes  I 

Foreman    tO.Oll 

E.icaviitlng  anil  backmllnK  by  lianil U.UGO 

KKcavutins  and  backfllUne  hy  pkinip  : 

Coal    ..'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.    o!0O4 

Plant    rental    H.nil  O.OiB 

DrIvInK    sheetinK    0.040 

BnicinK   trench    0.013 

PiilUns  ami  currying  eheetlng 0.020 

Plies   In   place O.IOS 

Craalf,  lumber  and  labor 0.1S8 

Pipe     0.160 

ItaulinK  pipe    0.020 

Laying  pipe   ' 0.0S8 

MaterralB  (or  Joints O.OIS 

Total     J0.6S2 

This  cost  iloeii  not  include  any  allowame  for  general  expense  nor 
for   the   niatfrlnls  uaed    In   shoring  the  sides  of  the  trenches.     The 
shcctlnB  was  used  many  limes,  as  driving  the  planks  with  a  water 
iei  did  not  Injure  the  planks  or  break  them  up. 
Tlie  cost  of  a  manhole  was  as  follows : 

Cover    and     frame t  B.OO 

Bricklayer     i.OO 

Bricks.   1.500,  at  110  per  M 15.00 

Stone.  %  ou.  yd.,  at  11.00 T.l 

Cement.    3    bOBs,   at   50  cts. 1.50 

Pumplnn    1.12 

Iflbor.    excavating 3.  IS 

Sheeting,   etc.   2.n 

Total     (34.72 

The  cost  of  this  work  In  n  f-round  (Ufflcutt  to  excavate  Is  exceri- 

Ingiy  liiw,    and   can  be  attributed   to   llie  metliods  used  In  carrying 

on  the  work. 

Mr.  Oenrge  L.  Watson,  M,  Can.  Soo.  C.  E,.  was  chief  englnper  ot 

the  Wlliiwooil  Sewer  Co..  and  deslioied  the  entire  Improvement  mndft 

Including  the  sewers.     He  afterwards  associated   himself  with  the 
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contractor  for  tli«  mren;  Mr.  Alexander  Hurdock :  nnil.  or  «ngf- 
DOOT  in  cbarce,  decided  upon  and  put  Into  operation  tho  method 
u*ed. 

Coat  of  Two  Pipe  Seware  and  Manhole*  at  Oakalooea,  la.*— Tlir 
lollowlng  FOM  data  relate  to  the  construcllon  of  a  l::-in.  sanitary 
•ewer  In  Sixth  avenue,  and  an  S-ln.  aevrer  In  South  Market  elrei't. 


Tlie  Sixth  avenue  eeirer  consisted  of  1.PD4  lln,  f(.  of  l::-In.  pipe 
(tile),  Ave  manholee  and  one  lamphole.  The  work  required  the  ex- 
[-avatlon  of  l,0C3.S  cu.  yds.  of  materlnl.  the  nv^rafri'  d^plh  belnc 
Il.f  It.  and  the  maximum  depth  IS  ft.  On  this  setrer  there  were 
about  250  fL  of  trench  In  which  the  depth  wa>  from  IS  to  IS  ft. 
Thin  necessitated  handling  part  of  the  earth  three  tlmi-e  before  tt 
was  removed  from  the  trench,  which  added  ronsldernbly  to  the  cost 
of  excavation.    The  coat  of  the  1,004  Un.  ft.  of  13-ln.  aewer  was  as 

Cott  of  a-in  Sewer. 

Per  Un.  ft. 

Labor :                                              Total.  Sewer. 

Trenching    t    MS. 90  tO.SIl        . 

Sheeting     71,00  .072 

lAylnK   pipe    4C.3g  .046 

BacktUlIn^   9S.SS  .093 

Miscellaneous     expense,     laying 


Total,  labor    I  800.93  10.797 

Materials : 

Lumber  for  sheetlnf t  BJ.SO  I0.0S2 

Cement  for  joints.  IS  sacks £.40  .005 

Sand  for  Joints.   30  bu 1.80  ,00; 

Jute    calking.    BO    lbs, 8. BO  .003 

Pipe,   958  lln.   ft 149.08  .248 

BpeclalB,  14,  at  10.73 10.08  .010 

Total,   materials    I    30Z.IB  lO.Sfll 

One  lamp  hole,   13    ft.  deep. . . .  4.20  .004 

Five    manholes    274.82  .274 

Grand     total     »1,383.11  11.877 

In  the  above  work  there  was  980  lln.  ft.  of  trenching,  the  cotrt 
per  Un.  ft.  being  tO.SBS.     The  cost  of  sheeting  the  980  Un.  tt.  of 

Per  lln.  ft. 
Total.         Trench. 

lAbor     I  72-00  10.073 

Lumber    32.30  .033 

Total     8104.30  »0.10i 

There  were  400  Jolnta  requiring  15  sacks  of  cement  and  30  bush- 
els of  sand,  the  cost  per  joint  being  80.018.  The  calking  for  the 
400  Joints  took  BO  lbs.  of  Jute,  or  .126  lb.  per  Joint,  and  cost  tO.OOO 
per  Joint. 

The  South  Market  street  sewer  consisted  of  818.8  lln.  ft.  of  B-In. 
tllo.   two  manholes  and  one  lamphole.     There  wero  86B.9  cu.  yds. 

*Eit(it»een*sr-ContTacUna,  Sept   23,  1908. 
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Perllnfi. 

Sewer. 


LaytDB  pipe    

BackfllllnK     

Cement  (or  joints.  6  sacks.. 

Sand  tor  Joints.   20  bu 

mpe,    TSO    lln.    *t 

Specials.    IS,    at    (0,7! 


.90         to. 
80 


.a«a 


..tSOS.! 

Two  manholes &4.S: 

Qrand  total    fSTS.OO  |0.456 

There  was  806.8  lln.  ft.  of  Irenching,  the  cost  per  lln.  ft  being 
(O.H,  There  were  327  joints,  rcqulrlns  six  aacks  o(  cement  and 
ZO  Inisbels  of  sand,  the  cost  per  joint  being  fO.OIt. 

In  the  above  work  the  cost  of  laylnR  tile  Includes  taktne  out  tbe 
last  spading  from  the  bottom  of  the  trench,  and  lamping  ^mo  about 
tile  previously  laid.  Each  tile  wnn  laid  to  line  and  grsde  from  a 
grade  cord  supported  over  trench,  the  aupports  conslatInK  of  two 
upright  3x4  plei^es.  and  oross  tKUtrd,  spaced  25  ft.  aparL  Joints 
were  calked  and  cemented,  bevel  pattern,  with  1 :  1  Portland  cement 

The  backfilling  was  done  with  team  and  scraper  and  two  men. 
Earth  was  first  put  in  the  trench  to  within  about  1  ft.  of  the  top. 
and  the  trench  then  flooded  with  the  Are  hose.  The  balance  of  the 
earth  was  then  scraped  onto  the  trench.  This  has  proven  a  very 
satlsfactor}-  method,  as  practically  all  ot  the  earth  goes  back  Into 
the  trench  In  a  short  time. 

The  soil  consista  of  from  1  to  3  ft  of  black  loam  on  the  mrface. 
under  which  Is  tough  clay.  As  the  ground  this  summer  contained 
very  little  water,  only  skeleton  bracing  was  uMd. 

Price*  a»d  Wage*. 
The  pricet  of  materials  delivered  on  the  work  were  aa  foUowa: 
Cast-Iron  manhole  and  lamphole  covera  I0.02C  per  lb. 
Wrought-lron  manhole  steps.  tO.H  each. 
Xo.   1  vitrified  paving  brick,   til, 00  per  I£ 
Cement.  10.30  per  snck. 
Sand,  tO-OS  per  bu.,  lOO  Iba  per  btL 
Jute  calking,  to. 07  per  lb, 

S-in.  tile,  t0.156  per  lln.  ft 
10-ln.  tile,  t0.8e  per  lln.  ft 
Oak  lumber.  I3B.50  per  M. 
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The  wasea  paid  were  as  follows: 

Brick  masoDS.  tO.Ss  per  bour  (or  3  hours. 

Tile  layer.  (2.50  per  day. 

CoBimon  labor.  »0,20  per  hour  for  S  houra 

Team  and  driver  for  backttlllnf,  t0.40  per  tioar. 
Coat    of   Uanholea. 

Tlie  nutnholpa  were  built  of  No.  I  vitrified  paMng  brick  on  H 
foundation  of  1 :  4 1  S  concrete  from  S  In.  to  1  ft  thick  under  thi^ 
avails.  Portland  cement  mortar  mlired  1:2  was  used  In  building 
walls,  all  Joints  being  slushed  full.  The  walla  nura  i:>  In.  thick  n( 
deaths  greater  than  about  12  f(.  and  9  In.  thick  above  this  depth. 

Below  ts  given  cost  of  two  manholes  of  different  depths : 
Manhole  16. S  ft  deep,  requiring  20A  cu.  yds.  es- 


brlck,  at  tll.OO  per  M S6.40 

■  10.36  per  sack 6.TS 


Excavation : 

Labor,  at  (0,20  per  hour I  9.40 

Foundation ; 

Labor,  at  10.20  per  hour 2.40 

»  sacks  cement,  at  tO.iS  per  sack I.OS 

0.4  CU.  yd.   sand,  at   tl.40  per  yd O.SG 

1  cu.  yd.  crushed  brick,  at  |2,ID  per  cu.  yd..  2.30 

Superstructui 
2,400  brl< 


t  J0.06  1 
301  lbs.. 


__  _..  _. .  ._ _5  per  lb 7,6S 

i   uuBi.  pan.  SO  lbs.,  at  tO.OZE  per  lb. 1.2S 

8  steps,  at  (0.24  each 1.92 

2  pieces  spilt  tile  In  bottom 0.8S 

Brtck  mason.  10  hrs..  at  tO.SE  per  hr. E.SO 


Total  cost  of  nuinbole tTMS 

Uanhole  8.4   ft.  deep,  requiring  8.2  cu.  yds.  ex- 
cavation. 

1  man  13  hra..  at  t0.20  per  tir. (  2.60 

Foundation : 

I«bor,  at  (0.20  per  hr 0,80 

2  sacks  cement  at  tO.SS  per  sack 0.72 

.85  cu.  j-d.   sand,  at   |1. 4(1  per  cu.  yd 0.S5 

.5  cu.  yd.  crushed  brick,  at  (2.30  per  cu.  yi  1.16 

Superstructure  Uanhole : 

1,100  brick,  at  Jll.OO   per  M 12.10 

0  Backs   cement,  at   t0.3«   per   sack 2.10 

10  bu.  sand,   at  tO.OS  per  bu 0.60 

1  C.  I.  cover,  307  ft,   at  J0.026  per  lb 7.68 

1  dust  pan.  50  Iba.  at  tO.026  per  lb 1.2S 

!  steps,    at    JO. 24    each 0.72 

2  pieces   split    tile    In    bottom 0.40 

Brick  mason.  8  hrs,  at  10,65  per  hr 4.40 

Hod  catTlers,  at  S0.20  per  hr 1.60 

Total   cost  of  manhols (86,53 
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All  of  the  above  work  was  done  this  aiimnicr  by  lav  tabor  und«r 
the  lupervlilon  of  Mr.  E  F.  BrlilgeE.  City  EnBineer.  to  nliom  wa 
are  Indebted  for  the  hiformatlon  from  which  tht«  article  wa«  piw- 

Coit  of  Two  Pipe  Sewar*.* — Tbe  following  costs  relate  to  two 
nnall  Jobs  of  B-ln.  ripe  sewer  constructed  during  130S  at  Frederic- 
ton.  N.  B.     The  work  was  done  by  day  labor  and  the  waces  paid 

Foreman,  per  hour 30 

Laborers,  per  hour IS 

Sinale  taom,  per  hour 37 

Double  team,  per  hour aO 

A  »-hour  day  was  worked.  The  g-ln.  terra  cotta  pipe  cost  2214 
rls.  per  foot  and  OIlllnKham  cement  coat  12.10  per  boirel  delivered 
on  the  work.  Lumber  for  studding  coat  Jie.BO  per  1,000  tt  B.  U. 
The  manholes  were  elliptical  4  ft.  x  1  ft.  In  diameter  With  8-lH. 
brick  walls  and  12-ln.  tube. 

Waterloo  Road  Beu>er. — This  Job  comprised  19d  ft.  of  B-lD.  pipe 
sewer  with  2  manholes.  The  averate  depth  of  tT«neh  was  9.7  It. 
It  cost  as  follows: 

Item.  Total.        Per  unit. 

S.98  cu.  yda  brick  work t   83.10  $13.85 

Ii33.E  CU.  yds.  excavation 274.01  0.&15 

Laying  S-ln.  pipe  (405  lln.  tt.) 20.73  0.04 

The  cO«  of  the  sewer.  Including  sheeting,  which  la  lumped  with 
excavation  In  the  above  coata.  waa  I0.D3  per  lln.  fL  The  trench 
had  to  be  close  sheeted  every  foot  of  Its  lenxth.  the  material  being 
sand  and  the  bottom  4  ft  wide. 

Phocnlz  BQuart   Seiner. — Thla  Job  comprised  811  ft.  of  S-ln.  pipe 
sewer,   with   3   manholes.     The  average  depth  of  trench  was  o.g  ft. 
In  ^d  and  lonm,  which  had  to  be  braced  about  every  4  to  S  ft. 
The  trench  was  dry.     The  cost  of  the  work  waa  as  follows: 
Item.  Total.       Per  unit. 

4.32  cu.  yds.  brick  work I  E4.00         112. EO 

522.B  cu.  yda  excavation 196. SO  0.374 

Pipe  laying  (811  ft.) 27.70  0.684 


The  total  cost  of  the  aewer  was  (426.16  or  10. El  per  lln.  ft 
We  are  Indebted  for  the  above  information  to  A.  K.  Grimmer,  city 
engineer,  Prederlcton,  N.  B. 

CMt  ot  8-ln.  to  18-ln.  Sewers  al  Cardtto,  Qa.— Hi  fflwIneertiiB 
News.  Uarch  20,  1893,  Mr.  Geo.  G.  Elarl.  C.  E,.  give*  the  cost  of 
some  pipe  sewer  work  at  Cardele,  Ga.  Wages  were  80  cia  to  tl  per 
day  tor  lalMr  (presumably  negroes)  and  the  foreman  received  |70 
a  month. 

•Engineerlng-ConmctinB.  Aug.  !E,  190B. 


'^•■- 


cts.  pn-<t.     CIS.  per  ft 


4.0 


Tht  -'"fB!  -it  LaN-r-  prv^T  In  ih.-  tourth  «>lumn  Itifludn  tiviti'h- 
Ing,  pip«  Living  a!:<1  ba^kT;:i:?g. 

In  building  :  C  miles  of  iwpr  (^  miles  of  wMi'h  nwr*  S-ln.^  am) 
35  manbolML  'Jie  lolal  cost  was: 

Lalwr     »J.8«T 

Ibions    Rnd    helm-rs *<! 

Foreimin IS* 

5!upn-riKl'Mi     I.OftO    • 

Pip*     i.SSS 

Brick "5* 

rmw-nl     i«e 

Hauling     RS 

Manhole  ravprn   i»9 

Tools   and    Incidentals , 5«1 

Total     |»,B9« 

It  will  be  noted  that  the  foreman's  wafces  amounted  to  about  S'f 
Ot  the  to'al  wages  paid  io  laborers  and  masons. 

Cost  of  a  IZ-ln.  Pipe  Sewer,  Menasna,  Wis.— In  1903.  aonte  plp» 
■ewera  were  built  In  Menaaha.  Wis.,  by  day  Inbor.  I  am  IndObtMl 
to  Mr.  S.  3.  Little  tor  the  followlns  data:  There  were  S.20D  ft.  ol 
trench,  about  half  of  whioh  was  for  IZ-ln.  pipe  and  half  for  13-ln. 
pipe.  The  depth  of  trench  ranged  from  l¥j  to  ID  ft.,  averaitluii 
»  ft.,  and  the  width  was  2  ft  The  material  was  solid  red  clity. 
Wages  paid  were  11.76  per  10-hr.  day.  Some  team  work,  at  (3^0  a 
day.  was  used  In  scraping  In  the  backflll.  The  labor  of  trenchlnn. 
InyfnR  pipe,  and  backfllling  averaged  37  cts.  per  lln,  ft  of  trenrh. 
If  the  pipe  laying  cost  4  cIs.  per  ft.,  the  cost  of  trenching  and  back- 
fllllns  was  33  pta.  per  ft.,  or  SO  els.  per  cu.  yd. 

Cost  ol  B-ln.  Sswer  at  Ithaca,  N.  Y.— In  Snglneerlng  News,  Aur. 
20,  1S96,  Mr.  H,  N.  Ogden.  C.  E..  gives  the  following  rosti  of  trench- 
lofC  and  laying  8-ln.  sewer  pipe  In  Ithaca,  N.  T. :  The  column  o( 
labor  com  Is  based  on  dally  wages  of  tl.Sb  tor  laborers,  (1.60  tor 
pipe  layers,  and  %2  tor  (oreman.  Mr.  Ogdeti  has  kindly  Informeil 
the  writer  that  the  working  day  was  10  hours  long;.  Teams  wero 
paid  13. »0,  masons  on  manholes,  13. GO,  and  masons'  helpers.  tl.GU : 
S-ln.  wwer  pipe  cost  1!^  cts.  per  ft.  Natural  cement,  at  nS  cts. 
per  bbl..  laid  120  to  Z43  ft.  of  pipe  per  bbl.  (Doubtless  neat  cement 
tnortar  was  used.)     The  work  was  by  contract,  and  not  all  under 
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the  same  foreman 


'  tlie  varlatLon  In  coat  shown  In  l! 
Depth  of  No.  of 

liength      trench   Mate-   day's       — Coat  o( 
laid.         In  ft.       rIaL     work.         TotaL 


'Wet  clay:    water  3 
'Wet  clay;   water  3 
•Wet  clny. 
•  Loam  over  wet  rlaj 
•Wet    clay:     water 

■  bracing. 

•CTay  and  gravel:  much  water  In  places:  pump:  braced. 
'  Wet  clay :  water  4  ((,  down ;  ocoagfonal  braclnR  and  pumplni?. 

■  Wet  clay :  water  3  ft.  down  ;  1  diaphragm :  occnalonat  bracing. 

■  Half  clay,  half  gravel :  half  close  sheeted :  underdraln  pumps. 
"Wet  clay,  some  griivel  p<»clcetB :  1  pump;  some  bracing. 

"  Gravel  containing  water  at  fi  ft. ;  pump :  half  sheeted. 
'•  Sheeting  and  pumping  entire ;  water  at  6  ft. 
'■  Loose  gravel ;  brick  pavement   remo%   '     '  " 
sheeted. 

Cost  of  12-ln.  Sewers  In  Toronto,  Canada. — A  targe  number  of 
12-ln.  pipe  Hewers  wers  built  by  day  labor  for  the  pity  of  Toronto 
In  IE91.  at  the  following  costs: 

Average  Length,     Man-      Catch-  Connec-      Cost  per 

depth-  Soil,  feet.  holes,      basins,      lions.  toot. 

10-   10"  Quicksand  1,041  S  G  15  (I.9E 


I  braced  and  half 


II' 


Clay  loam 
Hardpan 


Av.  of  above      9,47) 


The  cost  per  ft.  Includes  all  r 
work.  II  also  Includps  the  mai 
T-connectlona  The  12-ln.  pipe  ci 
per  U.  Laborers  were  paid  IS 
men  were  paid  1 S  cts,  per  hr. ;   br 


45 


39 


Jl.El 


nterlals.  labor  and  Inspection  ot 
loles  and  catch -basins,  and  the 
It  !2  CIS.  per  ft. ;  brick  was  fS.EO 
cts.  per  hr,.  and  a.  few  special 
■hiayers  were  paid  40  eta  per  hr. 


Contraot  LsImf  Costs  at  Providence,  R.  I. — Durlngr  ISOt  there 
were  S.24S  miles  of  regular  sewers  built  at  Providence,  R.  I.,  of 
which  1.7S1  miles  were  of  pipe  and  ,S1!  miles  were  of  brick.  The 
average  depth  of  cut.  nature  of  excavation  and  contract  coat  t»C 
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labor  per  foot  on  the  dlBei^nt  sizes  of 
given    in    the   annual    report    of    the 
tollowa: 

Nature  of  Excavatlou. 
S-ln.  pipe"— Fine   mnd,   dry    

sewe 

Aver 

a  built  dur 

lo'.60 
lO.BO 

lis 

i:!! 

2:00 
2.00 
2.00 
2.00 

1:11 

12.BT 
12.83 

iS 

18.00 

14.00 

20.00 
Otlons.     'In 
lanhole  was 

ber  ••circ-al, 
e    "Invert. ■■ 

ng  1908  are 
u   being  as 

Av^ra^eco« 

to.ts 

'.:S:ElE=S,d'SifSt';."'::;: 

"«0 

B-ln.  pipe> — Hard  pan  and  rock 

8-ln.  pipe"— Fine  sand,  dry   

'.All 

8-ln.  pipe* — Sand  and  gravel,  dry.-.- 

■46 

S-ln.  sewer — Fine  sand,  dry 

.SO 

12-ln.  aewei— Fine    sand,    dry 

il 

12-ln.  sewer^^Sand   and    gravel,   dry.. 

:!i 

IB-ln.  sewer— Sand  and  gravel,  dry.-- 

.S 

lO-ln-  brick  sewer— S^rd     pan     and 

rock. 

!2-ln.    brick    »wer— Hard    pan,    sand 
rock,  dry   

BO-ln.  brick  sewer— Sand  and  gravel. 

and 
wet! 

.«5 

3.00 

70- In.  brick  and  concrete — Sand  and  grav- 

8.00 

84-ln.  brick  and  concrete— Mud.  wet   

84-ln.  brick  and  concrete — Sand  and  grav- 

<  In  drain*  to  curb  line.    •  In  basin  conne< 
The  average  labor  cost  of  building  each  it 

Brick  Sswsr  Data.-Brlck  sewers  are  el 

•hape."      Id  either  case  the  upper  part  of 
"arch,"   and   the   lower   part   is   called   th 

tunnel. 

I10.6E,  each 

T-  or  "egg- 
The   depth 

of  a  brick  sewer,  as  given  on  proflles.  Is  the  depth  from  the  sur- 
face of  the  street  to  Ihe  Inside  of  the  bottom  of  the  sewer,  so  that 
the  thickness  of  the  sewer  Invert  should  be  added  to  secure  the 
full  depth  of  the  trench.  The  thickness  of  a  brick  sewer  Is  usu- 
ally expreoaed  In  "rlnga"  A  "one-ring"  sewer  Is  made  one  brick 
thick;  that  la,  4  Ina  thick  plus  the  cement  plaster  which  la  usually 
»-ln.  thick;  BO  that  a  one-ring  sewer  Is  4H  Ins  thick,  A  two-ring 
■ewer  Is  two  brlcka  or  9  ina  thick.  A  three-ring  sewer  Is  three 
bricks,  or  ISM  Ina  thick. 

The  site  of  a  aewer  Is  denoted  by  its  Inside  diameter. 

Brtck  sewers,  like  pipe  sewers,  are  usually  paid  tor  by  the 
lineal  foot  of  sewer  Including  trenching;  but  It  [a  desirable  always 
to  calculate  the  brickwork  In  cubic  yarda     Table  VIII  glvee  the 
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number  of  cubic  yards  of  brich  masooiT  p«r  Itneal  foot  ot  circular 
For  Intermedlale  stzea  Interpolate  between  the  valuea  K^ven  In 

To  calculate  the  number  of  cubic  yards  per  lineal  foot  of  any 
circular  oewer.  proceed  as  follows:  Add  the  Inside  diameter  In  feet 
to  the  thickness  of  the  sewer  In  feet:  this  givai  the  "average 
diameter."  Multiply  this  "average  dlatnoter"  by  1 1/7,  or  3,14 ; 
then  multiply  the  quotient  by  the  thickness  of  the  sewer  tn  feet 
and  divide  by  27. 

For  example,  a  S-ft.  sewer  has  walla  9  Ins.  thick  <lt  Is  a  "two- 
ring"  sewer)  :  and.  as  9  Ens,  =  %  ft.,  we  have  by  the  rule: 
S+  K  =EU  us  the  "average  diameter";  then  t\  x  3  1/T  X  %-t-tt 
=  Vi  cu.  yd.  per  Un.  ft. 

Sewfr  bricks  are  of  a  better  quality  than  common  buUdloK 
bricks;  and  usually  cost  tl  per  M  more  than  common  brlcka 
Ordinarily  about  600  bricks  are  required  per  cubic  yard,  but  the 
variation  may  be  15%  gresler  or  less,  due  to  the  fad  that  the 
siies  of  brirka  differ  In  different  localltiea  About  39;  is  usually 
added  to  cover  the  wastage. 

Since  the  Joints  are  V-shaped,  and  since  the  inside  of  Che  sewer 
IS  usually  plnsterc;),  more  mortar  Is  required  than  In  plain  brick- 
work. A1>out  0.35  to  0.4  cu.  yd.  of  mortar  is  required  per  cu.  yd. 
o(  brick  masonry.  Tha  number  of  barrels  of  cement  required  to 
make  1  cu.  yd.  of  mortar  Is  given  on  page  253. 

In  building  G-ft,  circular  sewera  at  Lawrence.  Mass.,  tn  ISSt.  1 
part  natural  cement  to  IK  parts  sand  was  used:  and  It  required 
21^  bbls.  of  cement  per  thousand  bricks. 

At  Newton.  Mass.,  a  21  x  38-ln.  egg-ahaped  sewer  required  1.6 
bbls.  of  cement  per  cu.  yd.,  the  mortar  being  mixed  1 : 1  H-  There 
were  B09  bricks  per  cu.  yd.  of  sewer  masonry,  not  Including  the 
waste:    and  S20  bricks  including  waste. 

At  Lob  Angeles,  two-ring  40-ln.  circular  sewers  required  O.t  bbl. 
Porilnnd  cement  per  lineal  loot  of  sewer,  which  Is  equivalent  to  1.13 
bblR,  cement  per  cu.  yd.  of  brick  masonry.  The  mortar  was  1  pari 
cement  to  Z  parts  sand. 

Mr.  Desmond  Fitzgerald  gives  the  following  as  averages  ot  cost 
of  brick  sewer  work  done  by  certain  contractors  at  Boston,  prior 
to  1894: 

rjibor    I  2. go  »  S.40 

Brick   (S60  to  580  per  cU.  yd,),  at  |9.E0  per  H.  S.1S  i.30 

Sand    0.80  0.10 

Natural  cement.  1.27  bbls.,  at  11.13 1.36  l.BS 

Centers     0.23  .20 

Miscellaneous   0.19  .20 

Total   per  cu.   yd (10.44  (11.00 

The  first  example  Is  the  coat  of  a  well-liandled  Job  of  l.SOO 
cu.  yds.  of  brick  inasonry.  The  second  example  Is  the  avervse  of 
several  Jobs.  Brick  cost  IS. 50  per  U;  and  natural  cement  11.13 
per  bbL     The  mortar  was  probably  mixed  1;1H,  that  U  1   port 
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Brlpklajers  on  sew«r  work  often  receive  abnormally  high  wacM. 
In  some  cities  the  labor  unions  have  forced  up  the  price  to  tl  pv 
hour.  In  such  rates  a  bricklayer  Is  usually  required  to  lay  nol 
lesa  than  S.OOO  or  4,000  bricks  a  day;  and  I  have  known  as  hi^ 
as  fi.OOO  bricka  to  be  laid  by  skilful  and  raiild  layers. 

The  dlmenslona  of  egg-aliaped  aewers  are  Kiven  In  terms  Ot  the 
Inside  diameter  of  the  upper  arch,  and  the  Inside  bel^t  of  the 
sewer ;  'thus  a  30  x  4G-Id.  sewer.  Is  one  having  an  upper  arch  30  Ins. 
Inside  diameter  and  an  Inside  helfcbt  of  4S  Ina  The  PbllUps  Uetro- 
polltan  Standard  (English)  egK-shaped  sewer  has  an  Inside  helsht 
which  Ib  IV^  times  the  diameter  of  the  arch.  CaUlng  the  dlaneter 
of  the  arch  d,   the  other  dimensions  are ; 

RadluB   of   Invert M  5 

Radius   of    side •!t4 

Height     >?I3. 

Area    of    waterway I'll? 

Perimeter     S.96  d^ 

The  first  dimension  given  In  the  flrst  column  of  Table  Vlil  ts  d 
The  table  Blves  the  number  of  cubic  yards  of  masonry  per  lln,  ft 
ot  egg-^aped  sewer. 

Cost  of  Lirgc  Brick  Sewers,  Denver,  Colo.— Mr.  W.  W.  Pollett 
gives  the  following  data  on  brick  and  concrete  sewers  built  by  day 
tabor  In  Denver.  Colo.;  Work  waa  beguu  August.  1894,  and  fin- 
lihed  June,  189S.  Work  was  carried  on  Id  the  winter,  which 
added  somewhat  to  the  eosL  The  wages  paid  were  hi^  and  the 
hours  of  labor  short  The  men  were  considered  to  b*  dBcient 
The  following  were  the  number  of  day's  work  performed  and  the 
wages  per  8-hr.  day: 

728  days,  foremen,  at  J3.3SW  to  (5. 
l,3i&  days,  stone  mnsonB.  at  13.60. 
1,491   days,  brick  masons,  at  (4.00. 

S8&  days,  watchmen,  blacksmiths,  and  timbermen,  dt  ll.BO. 
8.115  days,  iabor,  at   (2.00. 
1,828  days,  labor,  at  11.16. 

S6S  aays.  Waterboys,  at  Jl.OO  to  (1.2B. 
8,150  days,  team  with  driver,  at  |3.fiD. 

262  days,  onginemen  and  pumpers,  at   13.00. 
See  Table  X. 

Note.— Sec.  1  was  built  In  flllod  ground  containing  city  refuse 
The  original  ground  was  about  level  with  the  Invert,  and  had  been 
filled  with  2  to  B  ft  of  refuse.  The  bottom  of  the  trench  waa  Z  to  4 
ft  below  the  level  o(  a  river  near  by,  so  that  there  was  mucB 
pumping.  The  backfill  was  largely  hauled  In  with  wagons,  as  the 
material  from  the  trench  was  not  a  suitable  backfill.  The  sewer 
had  a  concrete  base  B  ins.  thick  and  18  ft  wide,  on  top  ot  whldi 
was  a  stone  cradle.  The  Invert  was  a  Hln^e  ring  of  brick,  and  tlie 
arch  was  three  rings. 

Sec.  3  was  nearly  all  In  good  ground,  ijut  there  was  water  all 
along  11.  The  cross-section  of  the  sewer  was  the  same  as  In  Sec.  1, 
except  with  less  diameter,  giving  about  B0%  a"  much  material. 

9ec.  e  contained  rock  for  Its  full  length,  but  the  rock  was  very 
•oft.  being  m  plnces  hardiy  more  than  Indurated  clay.     The  trench 
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averaged  11  ft.  deep,  and  waa  timbered  all  aloag.     No  water  waa 
encountered.     The  sewer  wus  three-tins  brli:k. 

Sec  T  waa  almllar  In  every  way  to  See.  G,  except  that  a  looae 
■and  overlaid  the  rock. 

Svc  8  was  In  cravel  containlBK  much  water.  The  cut  averacad 
12>4  (t-  deep. 

Sec  9  WBi  In  tine,  loose  sand,  heavily  charged  wHb  water.  Tha 
average  cut  was  14  ft,  deep. 

The  concrete  toundatlona  were  made  1:3:6  Portland  cement  and 
crUBhed,  unscreened  sandstone,  Ttie  stone  was  estimated  on  ft 
basts  ol  2,E00  lbs.  ner  cu.  yd.  Concrete  was  liand  mixed  and  de- 
livered In  wheelbarrows.  The  averaee  cost  of  1,G45  cu.  yds.  of 
Loncrete  was  as  follows : 

0.732  bbl.    cement     t!.E43 

0.TS1  cu.  yd,  stone     1.40S 

0.424  cu.  yd.  sand     0.14) 

Water   0.007 

Labor   (tl.7E   an   S-hr.   day) O.T03 

Total  per  cu,  yd. t4.gl0 

The  stone  cradle  was  built  of  a  soft  sandstone  which  broke  out 
square  In  the  quarry  so  that  little  hammering  was  required  In  the 
trench.  It  was  bought  by  the  ton.  Iioulaville  (natural)  cement, 
weighing  26B  Iba  per  bbl,,  was  used  In  a  1 :  2  mortar.  The  average 
cost  (not  Including  engineering)  of  6,438  cu.  yds.  of  thla  atone 
cradle  waa  as  follow*: 

1.2BT  cu.  yda  of  rubble IX.S7S 

O.BTG  bbl.    natural    cement l.iSl 

0.30e  cu.  yd.  aand 0.180 

Water    0.006 

Labor    CmaMna.   fl.GD ;   laborer)^   12.00,   for 

8   hrs.)     1,!84 

Total  per  cu.  yd. t4.S5B 

The  Invert  brick  ring  of  Sec.  3  was  laid  tn  I  :  3  Portland  mortar, 
and  the  same  mortar  was  used  In  plastering.  On  Sees,  1,  3  and  G  a 
1:  SU  Louisville  mortar  wem  used:  and  on  Sees.  6,  T,  8  and  9,  a 
1 :  3  Louisville  throughout. 

The  amount  of  cement  per  cubic  yard  of  brickwork,  by  sections. 
was  as  follows:  Bee.  ID,  0.336  bbl.;  Sec.  3,  1  bbl.;  Sec.  E,  1.07  bblt.  : 
Sec.  0,  0.87  bbl.:  Sec  T,  0,937  bbl.;  Sec.  t,  O.flS  bbL ;  Sec.  ». 
0.970  bbl.  Assuming  that  the  1:2^  mortar  required  2H  bbls. 
cement  per  cu,  yd.  of  mortar.  It  would  require  0.4  cu,  yd.  of  mortar 
per  cu.  yd,  of  brick  maeonry  when  11  took  1  bbL  of  cement  per 
cu    yd.   of  brick  masonry. 

The  number  of  brirk  per  cubic  yard  ranged  from  431  on  Sec.  3 
to  450  on  Sec,  E.  The  average  coat  of  0.702  cu.  yds.  of  brick- 
work on  all  sections  was  as  follows,  per  cu.  yd. : 

439    brl(*    84.584 


1  cu.  yd.  sand 0,108 

srellaneoua     0.3*9 

Dor 3.1M 

Total  per  cu.  yd »9.34« 
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Tbe  labor  co«l  nins«d  frmn  |S  per  cu.  yd.  on  Sees.  1  and  S  to 
tZ.9S  on  Sec.  S. 

One  toreman  handled  18  bricklayers,  divided  Into  three  Kangs.  the 
lotal  number  of  big  force,  Including:  helpers  and  iaborera.  being 
80  men. 

A.  neat  form  of  steel  centerlnB  whs  deBlgned  and  uaed  as  fol- 
lows:  LlKht,  8-lb..  dump-car  rails  were  bent  so  as  to  form  halC- 
rlQga;     the  lower  half-ring    (or  seml-clrcle)    being  bent   with   thf 


vieworvoirn-  view  or  JOinT 

Loohirtg  acroM  Loohing  oilana 

■thoS«w«rfrom  +tio  SlSeof+fie 

ite  C«rTt«r.  Sewer. 


head  of  the  rail  facing  out,  and  the  up|>er  halt'ring  with  ita  head 
taclns  In,  aa  shown  In  Fig.  4.  A  short  piece  of  rail  was  laid  with 
Its  Sango  against  the  flange  of  the  lower  half-ring  and  riveted. 
One  of  these  short  pieces  of  rail  was  thus  riveted  at  each  end  at 
the  lower  half-ring.  Thus  It  was  poasible  to  butt  the  ends  of  Uip 
upper  half-ring  agalnat  these  short  pieces  of  rail  riveted  to  the 
lower  half-ring,  and  connect  the  two  with  fish-plates  and  botes.  In 
order  to  be  able  to  "strike"  (remove)  these  steel  centers,  a  bevel- 
Joint  was  made,  as  shown  In  the  figure.  This  waa  done  by  aawlng 
one    end   of   (ha  upper   half-ring  across  on   a   bevel,  and   sawlne  i> 
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similar  bevet  on  the  end  of  tlie  short  piece  of  rail  asalnu  which  it 
butted.  After  the  flah-plate  trolts  were  removed,  a  blow  o(  n. 
Iiammer  would  ivadilj-  knofk  tlie  two  balf-rlnsB  apart  at  the  bevel- 
Joint,  It  will  be  noted  that  the  Z-ln.  lagglnK  was  laJd  upon  tns 
flange  of  the  upper  half-ring,  no  lagging  being  used  on  the  lower 
haU-ring,  as  the  Invert  was  built  of  brick. 

To  hold  the  lagging  to  the  upper  half-ring.  It  waa  found  be«  to 
make  little  Iron  clips,  tlii'eu  of  which  were  fastened  to  the  under- 
side of  each  IZ-ft.  stick  of  lagging,  using  two  wood  screws  for 
each  dip.  The  end  of  Hie  clip  slipped  over  the  flange  of  the  steel 
rail,  but  was  not  screwed  or  bolted  to  the  rail,  so  that  each  stick  of 
lagging  waa  quickly  removed    by  shoving  It  endwise.      Those   steel 

rings  sutnced  to  set  up  centers  for  96  ft.  of  sewer.  Two  men 
would  take  <]own.  clean  and  set  up  96  tL  of  this  centering  in  &  day, 
making  the  cost  of  moving  centers  about  4  eta  per  ft.  of  sewer. 
In  building  8,230  ft  of  sewers,  three  sets  of  steel  centers  and  two 
sets  of  lagging  were  used,  costing  tTTE  for  materials  and  labor 
of  making,  or  9,3  eta.  per  ft.  of  sewer,  making  a  total  <»M  Of  a. 
little  over  13  cts.  per  ft,  of  sewer  for  making  and  moving  ]a«glnK 
and  material.  There  were  only  three  sets  of  rings  because  thera 
were  only  three  sizes  of  sewers,   TO,    7T  and   94-ln. 

Cost  Of  an  Egg  Shaped  Sewar,  Springfleld,  Mast.* — The  Worces- 
ter St.  sewer,  for  which  cost  data  are  given  below,  was  built  at 
Springfield.  Masa,  during  Dccimber,  1904.  and  January,  1»0E.  It 
consists  or  670  ft.  of  1  ft,  10  in.  by  i  ft.  9  tn.,  egg-shaped  brli-k 
sewer  and  two  manholes.  The  aewer  was  laid  in  a  gravel  trench  at 
an  average  depth  of  9.8  ft.,  the  grade  being  6  In.  per  100  ft. 
The  loose  chararter  of  the  gravel  necessitated  tight  sheeting  of  the 
trench  all  of  the  way. 

The  Invert  of  the  sewer  was  constructed  of  8-ln.  brickwork,  but 
the  arch  was  of  a  single  ring  or  4-ln,  brick,  plastered  outside  with 
1  In.  of  cement  mortar.  Portland  cement  being  used  throughout. 

At  the  time  the  work  was  done  thsre  was  about  iH  tL  ot  froat 
In  the  ground,  and  consequently  colte  tires  were  built  along  tbo 
line  of  excavation  In  advance  of  the  work.  Theae  flree  requlrsd 
about  t46  worth  of  wood  and  616  bushelH  of  coke  at  11  eta.  per 
bushel 

The  excavation  was   done  by  pick  and  ahovel,   and   the  trench 
was    backfilled    as   fast   as    the    mason   work   waa   completed.      Tha 
work  was  done  by  the  city  by  day  labor. 
The  wages  paid  per  8-hour  day  were  at  foUowa: 

Foreman   (3.0O 

Bracera    200 

Laborers   1.7B 

Teams    4.60 

Masons    B,eO 

Uason    tenders Z.40 


•EnBlneerlnu-ContmctJnfl.  Jan.   16,   1907. 
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The  cost  ot  the  work  Is  ehown.  fr 
BxcavatlnK  and   refllllns 


:::;::;::;  ;36 

Uaterial. 

Sheeting  lumber,  at  |22.5(l 

:::;;::::;  :!! 

t3.BS 

It  of  constructing  t1 


20  1.19 

tO-5«  tZ.33 

two  masoHB  and  three  tendera. 
,  Ind.* — In  trenching  for  a  7-(t. 
■ewer  througli  water  soaked  sand  at  Onry,  Ind.,  the  sand  ts  being 
unwa.lered  by  driving  wefl  polnla  and  pumping.  The  method  has 
cabled  what  promised  to  be  a  dllTli^ult  task  to  be  aocompllBhed 
With  comparative  ease.  Only  a  moderate  amount  ol!  sheeting  has 
been  necessary  and  prucljcully  no  caving  has  resulted. 

The  sand  through  which  the  work  passes  Is  very  fine,  such  a 
•and  as  forms  the  dunes  of  Michigan  and  other  states  bordering 
Lake  Michigan.  WTien  water  soaked  It  takes  a  slope  of  about  1 
on  16,  At  Gary  this  line  sand  Is  water  soaked  to  wlthtn  a  few  feet 
of  the  surface :  in  places  water  covers  the  surface.  So  far  as 
excsvatlon  work  goes  the  material  Is  to  all  Intents  and  purposes 
a  quicksand. 

In  brief,  the  method  of  work  adopted  Is  as  fallows:  A  wide 
shallow  trench  Is  excavated  by  a  drag,  scraper  bucket  excavator 
ot  the  Page  3c  Shnable  type  to  about  water  level,  say  to  a  drplh 
of  6  to  8  ft  Bleeding  Is  then  begun.  A  4-ln.  pipe  13S  ft.  long  In 
six  22-tt.  seclioiiB  It  stretched  along  the  center  line  of  the  sewer. 
Od  eacb  aide  of  this  pipe  about  3  ft.  away  Is  sunk  a  row  of  well 
points  2  ft.  apart.  These  well  points  are  3  ft.  long  and  are  attached 
to  IS-fL  pipes.  The  tops  of  the  driven  pipes  are  connected  by  hose 
to  the  4-ln.  pipe  line  which  has  cross-valves  for  the  purposea  A  pump 
e  with  the  4-ln.  pipe  line  and  also  with  a  4-1n.  well  point 
indemeath.  An  extension  of  the  4-ln.  pipe  line 
1  also  takes  the  surface  water  from  a  sump. 
This  battery  of  well  points  lowers  the  water  so  that  a  further 
Iran  be  made  between  sheet  piling.    A  second 


aunk  vertical 


Jng-ContractinB,  Aug,  E.  13DS. 
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battery  of  well  points  Is  then  mink  at  thia  new  level  In  lhl» 
battery,  tiowever,  tho  points  are  sunk  cIobe  to  the  Blieetlog  and  et»th 
row  feeds  Into  a  separate  2-In.  pipe  along  the  trench.  This 
battery  Jowera  the  water  level  enough  to  permit  excavation  to 
Rub-srade,  which  Ib  aome  fi-ft.  below  the  bottom  of  the  she<?tlnK. 
The  brick  eewer  la  then  built  In  the  uaual  manner  and  the  back- 
flUlnB  aona  by  means  of  a  derrick  and  Hayward  clam  ■hell  bticket. 

The  diagram  Fit  *A  shows  the  general  plan  of  procedure 
deKribed.  In  thia  deacrlptlon  details  have  been  neglected  to 
prevent  confusion;  Bome  ol  these  details,  however,  require 
deacrlptlon.  ,       ,   »  j 

Scraper  Bucket  Kxcavator  Worfc.— The  bucket  Is  of  3  cu.  yOB. 
capacity  and  la  operated  on  a  BS-ft,  boom  witli  the  usual  cable  and 
chain  attachments.  The  sand  being  eseavated  la  wet ;  that  la,  the 
voids  are  fllled  with  water.  The  amount  of  excavation  Ja^lOj^u-  ^o*- 
per  running  foot  of  trench,  and  the  machine  makea  '" 
This  «0  ft   is  not  Its  capacity,    b 


B  the  distance  made  dally   by 


pace.     The  depth  being 


The    1 

timbers.  One 
material  can  1: 
that    it   bullda 

machine  is  pui 

it  Bet  a  good 


Is  worked  just  enough  to  keep 
I  Is  also  limited  by  water  level. 
rollers  traveling  on  a  track  of 
lerit  of  the  machine  Is  that  some  of  the  excavated 
dumped  straight  aheful  In  the  path  of  the  work  so 
ts  own  roadbed  over  the  swamps  In  front  The 
d  ahead  by  simply  lowering  the  bucket  and  letting 
e  In  the  ground  ahead,  then  pulling  on  the  digging 


B  taking  out  about 


that  the 


u.  yds.  per  9-htiur  day, 
laborers, 
■y  o^  Wc;J  J-oiBts.— Referring  to  Fig.  4A  It  Will  be  seen 
bntter>-  of  w.^11  points  occupies  a  narrow  space  along 
tho  trench  •  this  permits  the  sheeting  to  be  driven 
oTtsld^'of  the  well  points.  The  well  points  are  B  Ins.  x  S  ft. 
nnd  thev  are  attached  to  2-1i!.  x  I3-ft.  pipes  with  ells  at  their  tops. 
A  4-fi.  length  of  wire  lined  hose  Is  attached  io  each  ell  The« 
points  are  sunk  vertically  by  Jetting.  Two  men  were  timed  In 
Jetting.  They  used  1-ln.  Jetting  pipes  with  ol>o^t  1 
pressure  and  sunk  four  point*  in  o 


)  lbs.  water 


5  minute.     This  t 
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Include  maklns  connectlona.     In  addition  to  the  two  rows  ot  i-\a. 
point&  a  4-ln.  point  la  sunk  directly  under  the  pump. 

The  well  polnls  are  connected  by  the  short  hoae  lenKttia  to  a, 
4-ln.  horliontsl  suction  pipe.  Six  22-tL  aectlons  of  suction  pipe  are 
used  with  IianKed  joints.  Bach  sectlOD  has  11  cross-valves  with 
doutile  bushings  (or  the  hose  conoectlonB.  A  gate  valve  near  the 
end  of  each  section  permits  the  rear- section  a  to  be  removed  and 
placed  ahead  as  fast  as  the  work  progresseH.  An  extension  of  the 
•l-ln.  suction  pipe  forward  to  a  sump  In  the  excavation  being  made 
by  the  acraper  bucket  handlee  the  surface  water. 

The  water  Is  drawn  from  the  suction  pipe  by  an  Emerson  No,  3 
pump  with  5-ln.  suction  and  4-ln.  discharge.  The  pump  Ls  hung  to 
a.  chain  fall  from  an  A-frame  mounted  on  rollers.  It  discharges 
Into  a  tile  drain  alongside  the  trench ;  this  drain  leads  back  to  the 
completed  sewer  discharging  behind  a  temporary  dam  of  bags  ot 
Mind  Inside  the  sewer.  Summarized,  the  flrst  battery  of  well  points 
is  composed  as  follows: 

1   No,   3   Emerson  pump. 

1  4-ln.  well  point  sunk  tielnw  pump. 

132  l;-in,  well  points  sunk  \n  two  rowa 

1   4-ln,  auction  pipe  i 

Sheeting  Trench. — Th 
being  carried  along  so  as  lo  embrace  about  one  section  (the 
rearmost)  of  the  first  battery  of  well  points.  The  sheeting  Is 
2  X  S-ln.  X  12-ft.  planks  and  Is  driven  by  mauls.  Waling  pieces 
and  trench  bracks  are  placed  as  the  excavation  proceeds.  This 
excavation  la  carried  down  about  6  ft.  by  shovelers  and  at  this 
level  the  second  battery  ot  well  points  la  placed.  The  sheeting  Is 
pulled  BE  the  back  HI  ling  proceeds. 

Second  Battery  of  Well  Points. — The  second  battory  of  well 
points  consists  of  two  rows  like  the  tlrat,  but  the  rows  are  placed 
wide  apart  (close  Inside  the  sheeting  on  both  sides)  and  each  Iias 
a  separate  suction  pipe.  The  suction  pipes  are  2  Ins.  In  dlami'ter 
and  the  well  points  are  1  Vt  Ins.  In  diameter :  th<*  well  points  and 
pipes  are  IG  ft,  long  and  when  sunk  they  penetrate  a  couple  fett 
or  so  belnw  sub-grade  and  6  ft,  below  the  bottom  of  the  sheeting. 
The  suction  points  are  made  In  sections  with  hose  connections  every 
two  feet  and  gale  valves  at  the  ends. 

Two  pumps  operate  the  second  battery  of  Well  points;  they  are 
of  the  same  size  and  luske  as  that  for  the  flrst  battery  and  are 
suspended  similarly.  £ach  pump  draws  water  from  t>oth  rows  of 
well  points  and  also  from  a  4-ln.  well  point  sunk  directly  under 
the  pump.  This  Is  accomplished  by  means  of  a  four-way  connection 
in  the  suction  of  each  pump,  about  1  ft,  below  the  pump.  From 
this  connection  2-In.  pipes  branch  right  and  left  to  connections  With 
the  2-tn.  suction  pipes  and  a  third  connection  Is  made  with  the 
4-I11.  well  point.  Operating  In  parallel  the  two  pumps  can,  by  means 
of  the  gate  valves,  concentrate  their  work  on  those  portions  of  the 
battery  of  well  points  where  especially  large  quantities  of  water 
are  encountered  or  can  pump  from  the  whole  system,  also  either 
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oii«  of  the  pumps  can  b«  cut  out.  These  pumpi  dlKharc«  Into  the 
same  tile  dralo  as  the  fIrBt  pump. 

The  methoilB  of  advancing  the  second  battery  oC  well  points  Ik 
substantially  the  same  as  for  the  flrst :  that  Is;  the  rear  sections  of 
suction  pipe  and  well  points  are  detached  and  placed  In  front. 
Generally  the  forward  end  of  the  second  battery  Is  kept  far  enouKh 
iihead  to  overlap  the  rear  si'ctlon  of  the  flrst  battery. 

Excaualion  nnd  Setcrr  Conitruclion. — The  deepenlnft  of  the  trench 
at  the  rear  end  of  the  second  Ijatlerj'  of  well  points  Is  done  by  hand. 
So  perfect  Is  the  drainage  that  li  Is  found  poHsibJe  to  excavate  some 
6  ft.  deeper  than  the  bottom  of  the  sheeting,  and  to  constrticl  the 
brick  sewer  In  the  Irench  bottom  with  no  more  seepage  than  can 
be  handled  by  a  fourth  Emerson  pump,  which  takes  water  from  a. 
sump  and  dlBchargeB  behind  (he  temporary  sand  bag  dam  mentioned 

ilotfr^Illnir, — The  backfllllng  Is  done  from  the  spoil  bank.  As  fast 
as  the  sewer  is  completed,  shovelprs  covi-r  it  with  a  layer  of  aund. 
The  remainder  o(  the  backfllling  Is  done  by  on  SVi  Jt  lO-hi.  Lldger- 
wood  engine  and  derrick  operating  a  1  cu.  yd.  Hiiyward  clani 
shell.  This  machine  puts  In  about  500  cu.  yds.  of  backfill  In  9  hours 
.-it  a  labor  cost  of  about  1  els,  per  cu.  yd.  flgured  as  fallows: 

1  englneman   at   %5 %  li.OO 

1   llreman   at    IS S.OO 

3  laborers  at   |2 S.OO 

Fuel  at  is. 60  per  ton S.25 

Total  BOO  cu,  yds:  at  4  cts J:!0.23 

Sheeting  and  BracinO' — Two  rows  of  2  x  8-in.  x  12.K.  sbeetlnK 
60  ft.  long  are  driven,  braced  and  pulled  per  9-hour  day  with  thc 
followlng  Kang; 

4  men  setting  braces  at  t2.a6 f  9.00 

3  men  driving  sheetlnit  at  SS.hO T.GO 

4  men  pulling  Meeting  at  12. 60 10.00 

1  cnrpentf r  -it  »S S.OO 

Total     128.60 

This  tdves  a  cost  of  2i%  eta  per  llneat  foot  of  12-rt.  sheeting 
driven,  braced  and  pulled,  not  including  materials  and  superintend- 

Piimplrtfi  and  Clianeine  Piping. — The  pumping  Is  continuous  day 
and  night,  but  the  Jetting  of  welt  points  and  changing  of  piping  Is 
confined  to  the  regular  shift  of  9  hours.  The  gang  worited  Is  as 
follows : 

14  pipe  line  men  at  12.25 fSI.SO 

10  firemen   (two  shifts)  at  }3 30.00 

2  foremen  at  S3 6.00 

8  laborers  at  t2 1 2.00 

Coal  lor  24  hours  (estimated) 15.00 

Total    »94.60 

This  gives  a  cost  of  }1,ST   per  lin.   ft.  of  trench,  not  Including 

superintendence,   interest,   depreciation,  etc, 

Trench  Bxcavallon. — The  trench  excavation,  excluding  acraper 
bucket  works,   runs  about   300  cu.   yds.   per  day.   assuming   BO   fi. 
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or  10.5  X  13  ft.  trench  per  9  hours.  This  work  Is  Jone  by  85 
ahovelers  at  %Z  per  day,  and  costs  tnn  -=-  300  tu.  yds.  =  58.6  cts. 
per  cu.  yd. 

JfJ»celIottBou». — The  cost  at  clearing  tlie  i-IbLiI  oI  iviiy  amounta 
to  %t  per  day,  2  men  at  %:i  being  employed.  There  ore  3  water- 
boys  ul  11.  or  a  charge  of  13  per  duy  for  Waterboys. 

SHmmarji. — SummarlcInK  we  luive  the  following  costs  for  trencb 
work  complete   and  ready   for   sewer  construclion : 

Per 
Per  <lny.      Un.  ft. 

Scraper  exeavalor  work    HOO  cu.   yds.) t  22.1^     jn.370 

Shovel  excavation    (300  cu.  yds.) 170.00        3.gS3 

Sheeting  and  bracing   (300  cu.  yds.) 29.S0       0.491 

Pumping  and  pipe  system   (800  cu.  yds.)...      94. RO        l.BiS 

Backflllfng    (600  cu.    yds.) 20.26        0.337 

Ulscellaneous   (300  cu.  ydSL) ".on       0,116 

Total     ?343.iO      (5.722 

Figured  on  a  cubic  yard  basis  these  costs  may  be  arranged  as 

Per  cu.  J  d. 
.•Vraper  work.  Including  clearing  (400  cu.  yds.>  .  .JO.nss 
Trenching,  pumping  and  Kheellnit    (300  cu.  yds.)    O.BSn 

Backfilling  (500  cu.  yds.) 0.040 

BHcJC  Sfwer  Conatrnction.^Ahont  «0  ft.  of  sewer  are  completed 
per  9-hour  day.  The  li.bor  and  ni;iterlalB  cost  of  this  work  runs 
about  as  follows: 

JfntiTiaJs.  Per  day. 

30,000  brick  at  tO.EO (Il'a.Oli 

JO  bbla.   Portland  cement  at   11.76 r.S.i.O 

30  bblB.  Utita  natural  cement  at  tl ^""O 


Total  m 

f.n&or. 


1  mixing  mortar 

rymg  cement   mprtar 


12,50 
■Ing  cement  n    ' 


.5.000  brick  each  dally)  10.00  60.00 

1   brick    tenders 3.7.'i  11.25 

;  brick    hanillers    (av.) 2^0  3..B0 

1   men   on    Industrial   railway 2.00  52.00 


Total     labor J249.7E 

Total  labor  and  materials 61i,25 

sumtng  500  brick  per  cubic  yard  of  masonry,  these  figures  Rlv* 

n  of: 
Materials    »*.62 


About  2  bbls.  of  cement  were  required  per  1,000  brick  laid,  i 


"he  cost  of  Buperlntenilence 
i    repairs,   waste  and   deprd 
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In  reviewing  these  flgurea  It  mult  be  kept  In  mind  that  they  omit 
11  number  of  costa.  t'OT  example,  the  cost  of  lumber  for  sheeting, 
runways,  etc.,  and  the  cost  of  lumher  anil  conatruetlon  for  certPrs 
nre  not  Included.  Other  lacking  Items  will  be  noied  by  those 
fnmlllar  wllh  such  work.  Though  Incomplete  as  noted  the  flgurei< 
win.  we  believe,  prove  decidedly'  Interesting  Id  conuectlon  with  the 
no\'el  methods  of  work  adopted. 

(Tlie  costs  are  gtven  In  greater  detail  (n  the  following  paragraph&l 

Cost  of  «  Brick  Sewer  In  Water-Soikad  Sand  at  Qary,  Ind.*— 
In  our  Issue  of  Aug.  6,  190S,  we  described  In  aome  detail  the  con- 
stntrtlon  of  a  sewer  In  water  soaked  sand  at  Gary,  Ind.  "nie 
method  adopted  whs  to  unwater  the  sand  by  bleeding — by  sinking 
well  polntB  In  the  Bond  along  the  line  of  the  aewer  and  drawing 
out  the  wmer  with  pumps.  At  the  time  thia  description  whs  pub- 
lished the  construction  had  not  been  completed  nor  the  costs  fully 
analyzed,  so  that  the  costs  then  published  were  only  approximate. 
Since  then  the  coat  of  the  work  has  been  worked  out  In  considerable 
detail  hy  Clly  Engineer  A.  P.  Mcrlton  and  his  assistant.  Hr.  EL  U. 
Schellaw.  and  has  been  placed  nt  our  dtspoial  by  Mr.  Melton. 

The  costs  were  compiled  by  keeping  a  force  nnd  time  account  of 
the  work.  The  luspecCoT  kept  the  records  on  blBJiks  prepared  tor 
the  purpose  nnd  checked  them  with  the  books  of  the  contractor's 
timekeeper.  While  some  Items  of  cost  familiar  to  the  contractor 
were  nol  thus  Included,  yet  the  flgures  given  may  be  considered 
very  close  approximations. 

The  work  comprised  4,358  ft  of  brick  tewer,  ranging  from  T  ft. 
circular  section  to  6  ft  4  In.  by  8  (t.  11  In.  oval  aectlon.  all  With 
shells  consisting  of  2^  rings  of  brick.  The  aoil  was  fine  aand  water 
soaked  below  a  level  about  22  ft.  above  Bubgra.de;  the  Waler- 
soaked  sand  ran  on  a  slope  of  about  1  on  IE,  The  trench  ranged 
from  IS  to  30  ft.  In  depth.  The  method  of  excavation  was  fully 
described  In  our  Issue  of  Aug.  G.  Briefly  a  preliminary  wide  cut 
was  mode  some  G  to  IS  ft  deep  with  machines,  then  well  points 
were  sunk  and  the  ground  drained,  after  which  excavation  pro- 
ceedei!  by  hand  between  sheeting.  The  masonry  work  and  back- 
nlling  followeil.  The  cost  of  construction  was  divided  Into  the 
following  Items:  Machine  excavation,  sheeting,  pumping,  hauling 
materials,  sower  building,  hackfllllng.  materials  and  organlcatlon. 

ilfarhftio  Excavation. — Tlie  prellrolnnry  wide  shallow  cut  only  was 
excavated  by  machine.  A  %  cu.  yd.  Ilnyward  orange  peel  bucket 
operated  by  a  !5-hp.  engine  was  uspd  tor  the  first  I.SOO  ft.  and 
took  out  £1.250  cu,  yds,  at  the  following  cost: 

Item.  Total.       Percuyd. 

Engineer.    US    days,    at   te t    .t»6.0D  t0.niG:l 

Fireman.  aS  days,  at   O.Bfl,..       19B.O0  0.0012 

T.abnrers,   2GE   davs,   at   I1.7G.       4Jfi.2S  0.0210 

Coal,  5«  shifts,  at  t5 280.00  0.0121 

Total     J1.2SR.IB  »0,OK8« 

At  this  point  the  orange  peel  was  removed  to  the  rear  to  work 
on  barknillng  nnd  a  Pnge  &  Schnable  drag  scraper 

*Eaglnferino-CojilTactln0,  Oct.   7,   190S. 
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■ubotltated,  Tbla  macblne  bad  a  i  tv.  yd.  bucket  and  a  -lO-h]). 
endue ;  thli  tagiae  was  found  to  be  too  weak  lutd  was  used  only 
unOI  a  larser  one  could  be  aecured.  Another  obJeoUon  to  the 
Ant  arrsascmeiit  was  thai  two  men  were  required  to  ofierute  the 
bockeC  one  at  the  boin  and  one  at  llie  swing  engine.  With  the 
machtDC  as  am  equipped  and  operated  1S.3UU  cu.  yds.  of  HHtterlul 
were  excavated  at  the  followlna  coel : 

Item.  Total.       Per  cu.  yd. 

Engineer.  Jl  days,  at  l« tlSS.OO  tCOlil* 

Fireman.  II    days;   at   t^.JU....    10^. OO  O.POTl 

Bneineer,   31    days,  at   (3 !<J.OU  ODOGO 

Laborer^  tl8  Oaya.  at   tt.Ti...    :>(i6.bI>  O.OISX 

Coal,  SI  shifts,  at  to lio.OO  0.0101 

Total     j;43,U0  tO,U4!>3 

The  1*-h|).  engine  was  replaced  by  one  of  GO  hp.,  so  nrrantteil 
that  one  man  operated  both  hoist  and  swlnglriK  ensiiie.  WItli  Die 
remodeled  outflt  11,000  cu.  yds.  of  materiiil  were  excavated  at  Ihe 
following  cost : 

Item.  Tolal.        Per  cu.  yd. 

Engineer.    21   days;   at    18 JliO.OO  (0,0114 

Fireman.    31    daj-s.    at    SS.SO...      TS..'iO  O.OOOT 

Laborers.  SI   days;  at  tl.75 147.00  D.013S 

Coal,  Zl  shifts,  at  tS 10s. 00  O.OOOG 

Total      tIGl.SO  to, 0109 

It  Will  be  seen  that  the  change  of  the  engines  reduced  the  cost 
per  cubic  yard  by  the  amount  of  the  wages  of  one  eiiRlneer:  the 
saving  was  0.83  eta.  per  cu.  yd.  Sumnuirlilng  wc  linvc  n  cost  of 
(2,488.70  for  excavating  17.5B0  cu.  yds.,  or  of  10.0523  per  cu.  yd. 
For  the  4.258  ft.  of  sewer  the  cost  was  BT.9  cts.  per  lln.  ft. 

Hand  Ercavat>on—Th«  bottom   13  ft.  In  depth  of  the  trench  was 

excavated  by  hand  between  sheeting :    tin-  width  of  the  excavation 

was  approximately  10  ft.     The  cost  of  the  work  was  ns  follows; 

Item.  Total.       Percu.yd, 

Laborers.  6.411  days,  nt  12.  ,|12.8S3.sn         t0,r>4ia 

Foreman.  84  days,  at  13 !i2!.00  0.0232 

Total    113.434.00  *0.584i 

The  total  amount  ot  hand  excavation  was  23.S00  <ti,  yds. 
«Jieei(ny.— The  sheeting  consisted  of  vertical  2  x  8-ln.  by  12-ft. 
planks  held  by  two  pairs  of  B  x  8'ln.  wnllng  pieces  and  9-ft.  cross 
braces  spaced  8  ft.  apart.  In  cases  of  very  wet  trench  n  third 
row  o(  waling  and  braces  was  put  In :  occasionally,  alan.  hori- 
zontal sheeting  was  used  In  the  bottom.  The  cost  of  rtrlvlng  the 
Bhe«tlng  and  placing   the   bracing  and   also  of  pulling   It   was  as 

Placing.                                         Total.  Per  lln.  ft. 

Liborers.  8Ri  days,  at  t£ tl,7«4  to. 4142 

Foreman,    80   days,    at    13.60 280  fl.OOBS 

Carpenters,    BO   days,   at    13 IBO  0,03B1 

Total      (2.194  tO.5151 

Pullbig: 
Laborers.   242   days,  nt   12 t    414  fO.lISt 

Grand    total    J2.678  tO,G28T 
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Pumping. — The  Item  of  pumping  coroprlses  all  the  work  ol  Blnk- 
Ing  and  Bhlttlng  the  well  points  and  pipe  line  and  the  removal 
of  the  backwater  In  the  finished  part  of  the  sewer.  Three  Elmerson 
pumps  took  water  from  the  well  points,  a  fourth  handled  the  back- 
water and  a  duplex  pump  furnished  water  for  boilers,  mlxlns 
mortar,  Jetting,  etc.     The  cost  was  as  follows: 

riem.'  Total.      Perlln.fL 

IJaborerH.  54S  days,  at  fl.7S..t    948.60  fO.ilST 

Pipe   line   men.   US 8   days,   at 

tZ.BO     2.39G.I>0  O.ESiG 

Total  for  pipe  work t3.31S.6D         (0.TB61 

Coal,  100  days,  al  IIB 11,500.00  (0.349S 

Firemen,   855   days,  at   J3.B0.,    2.992.B0  O.TOiS 

Total  lor  pumping $4,492.60  tl.9624 

Grand   total    fT.83G.00  |1.B3T« 

Pumplne  casts  and  pipe  line  costs  have  been  separated,  Unca 
the  Urst  Is  a  continuous  expense  which  does  not  vary  from  day  to 
<lEiy,  and  the  second  cost  la  operative  only  when  constnicllon  la 
actually  going  on. 

Hauling  Brick  and  Other  Ualerlali. — The  materials  were  hauled 
1.500  ft.  In  steel  dump  cars  running  on  portable  track;  thi  ears 
were  pushed  by  hand.  Coal,  lumber,  supplies,  etc..  purchased  from 
local  dealers,  were  hauled  by  team.  The  cost  of  hauling  was  aa 
follows : 

Hem.  Total.      Per  lln.  ft. 

Laborers.   1.219  days,  at  fl 12.438         lO.GTZG 

Foreman.  80  days,  at  tJ.GO 280  0.0661 

Teams   and   drivers,   ISO   days,   at 

(5.50      990  0.2321 

Total     iiiioi  t0.8T04 

Sewer  Conttntction.—Tht  construction  of  the  4,258  ft.  brick 
sewer  was  as  follows : 

Item.                                                  TotaL  Per  lln,  ft. 

Laborers.   l.GOS   days,  at  t2..t  3,012.00  tO.TOIS 

Carpenters.   60  days,  at  »3..         160.00  0.0S61 
Form    setters,    225    days,    at 

(3.76    843,76  0.1981 

Bricklayers,  411  days,  at  tlO     4.710.00  1.1061 

J2.TE     849.00  0,1SS4 

Brick    tenders.    236    days,    at 

J3.76     886,00  0.107» 

Uortar  mixers,  387   days,  at 

12.26     860.76  0.2021 

Total    111,110.60  12.0087 

As  noted  further  on,  the  cost  of  brick  and  cement  tor  the  Job 
was  114,428.60,  or  S2.384  per  foot  of  sewer,  making  the  total  cost 
for  labor  and  materials  14,993  per  lln.  ft.  Since  there  were  620 
bricks  per  lln.  ft.  of  sewer,  the  cost  per  cubic  yard  of  the  brick- 
work was  approximately  the  same  as  the  cost  per  lineal  fooL  Tlio 
brlck'ayers  averaned  4. TlO  bricks  per  man  per  9-hr.  day.  Two 
barrets  of  cement  were  used  per  l.DOQ  bricks. 
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BaekllUlng. — Enough  backflllliiK  waa  done  by  hand  to 

■ewer  and  to  permit  the  sheeting  to  bu  pulled  ;    the  renu 

done    with    the    clam-shell    excavator    nrst    used    for    p 

trenchlnK.    The  cost  ot  backHllljiE  by  hand  was  as  follow*: 

Item.  Total.     Per  Itn.  ft 

Laborers.  S7S  days,  at  M $7^6  10-18 

The  ooBt  of  backfilling  by  machine  was  as  follows ; 

Item.  Total.        Perlln.ft 

laborers.   307   days,  at  tl.TS. .  .t537.2&  fO.lSei 

finKlneers,    »3    days,    at    IS GES.OO  0.128T 

Firemen.    >3   days,   at   fS.EO 32G.BD  0.07S4 

Coal,  9J  shifts,  at  |& 4S5.00  0.1092 

Total    tl.S85.;S  tOAiOi 

Volerlalt.-^The  cost   of  the  materials  used   In   the  Job 

Item. 

2j321,0a0  brick,   at  15 fl 


Total. 

Perlln.ft. 

1,33Z.S0 

D.3I0t 

^'sooioo 

S:!!S! 

Total      (15.03G.EO  t3.E289 

Superlntendencv   and   General   Expen»»a. — The  costs   ot  superln- 
tendence  and  Keneral  expenses  were  as  follows: 

Superintendence.                              Total.  Per  lln.  ft. 

Buperlntendent.  4  mos..  at  I1G0..(    600  (0.1109 

Oen'l  foreman.  4  moa,  at  tl2S..      GOO  0.1174 

Uascer  mechanic.  4  moa,  at  t^DO      goo  O.ISGS 

Timekeeper,   3   moa.  at  ISO 180  0,042! 


Team.   lOO  days,  s 


Total    |!.4S0  10.8787 

nern     expense  .....      .    ...  1(19775 


Total     t    420         fO.OOS* 

ilng-   we   have   the   cost   per   lineal    toot    ot   aewer   as 
follows : 

Item.  Per  tin  ft. 

Excavation  by  machine |  0.G8 

Bicavation   by   hand 3.16 

Sheeting    0.S3 

Hauling  brick  and  other  materials 0,87 

PumplnK     1.84 

Ikying   brick   aewer l.Sl 

BacklflllnK   by   hand 0,18 

Backfllling   t^   machine 0.44 

Materials    8.63 

Superintendence   and   general O.ES 

Depreciation,  repairs,  settlni;  up  machines        l.SO 
UakInK  t  railway  crosslnKS  (tZ.GOO)....         0.5S 

Total    Ho'bs 

The  «'ork  was  begun  on  April  1  and  was  completed  on  Aug,   i. 
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1908.   during  wlilcli   lime   only    II   days   were  lost  by  the   briclc- 

Coit  of  a  BS-ln.   Brick  Sswar  at  Oary,   Intl.* — The  methods  aad 

coat  ot  conslrucllng  a  brick  sewer  of  oval  section,  6  ft.  2  Ins.  x  8  ft. 
11  Ina.  In  alze.  at  Gary,  Ind.,  were  published  In  our  Issues  ot  Aug. 
E  and  Oct  7.  ISOS.  This  oval  section  changes  to  a  circular  section 
it  Ins.  In  diameter  and  then  to  a.  circular  section  SO  Ina.  In  diam- 
eter, which  continue  the  sewer  Inland.  The  coats  of  the  circular  sec- 
tions; 4,062  ft.  long,  have  recently  been  compiled  from  inspector* 
and  timekeepers'  reports  by  City  Engineer  A.  P.  Melton  and  Aa- 
Bistant  Engineer  E.  M.  Sclicflow  end  are  given  ua  for  publication. 

The  land  through  which  the  sewer  passes  consists  of  altematinK 
ridges  and  marshes  dlderlng  in  elevation  about  10  ft.  The  trench. 
therefore,  varied  in  ileulh  between  a  maximum  of  21  ft  and  a 
minimum  of  H  ft.,  and  averaged  17  ft.  In  depth.  The  material 
trenched  was  a  flne  sand  saturated  with  water  to  a  height  of  13  to 
14  ft.  above  the  boltom  of  the  trench.  The  water-soaked  sand  was 
very  unstable.  laking  a  slope  of  about  1   on  IS  when  uncondncd. 

The  method  of  excavation  was  to  take  out  a  wide  cut  between 
natural  banks  to  about  waterltne  level,  then  to  drive  sheeting  and 
excavate  between  it  to  subgrade.  To  permit  excavation  between 
shceilne  the  aund  was  freed  ot  its  water  to  below  sub-grade  level 
by  sinking  batteries  of  well  points  and  pumping.  Full  details  of  th« 
bleeding  plant  were  given  In  our  Issue  of  Aug.  S,  1908.  The  wide 
surface  cut  was  made  with  a  drag  bucket  excavator,  with  two 
objects,  to  get  a  wide  working  apace,  and  to  reduce  the  depth  of 

Construction  was  begun  Aug.  I  and  finished  Oct.  I.  ISOS.  Labor- 
ers on  excavation  sheeting,  pumplni;.  elc,  worked  a  ID-hour  day; 
tenders,  cement  mixers  and  helpers  to  bricklayers  worked  a  9-tiour 
day ;  bricklayers  worked  an  8-hour  day  ;  llremen  on  pumps  worked 
in  12-hour  ahifta.  and  excavating  machine  crews  worlied  a  9-hour 
day.    The  costs  ot  the  various  Itema  of  the  work  were  as  follows: 

Drag  Baekct  Excavator  Work. — The  preliminary  cut  was  about 
30  ft.  wide  and  from  i  to  10  (t.  deep  i  there  were  33,350  cu.  yds. 
of  excavation  for  the  4,082  tl.  of  sewer  or  about  8,21  cu.  yds.  per 
lin.  ft  The  excavator  worked  83.5  shifts  and  so  averaged  nearly 
400  cu.  yds.  per  shift  of  9  hours.  The  cost  Of  operuilng  the  ex- 
cafator  was  as  follows: 

Item.  Per  9-hr,  shifL 

1  engineman.    at    |8 *  *?9 

1   nr«man,     at     13.50 3.B0 

4  laborers,   at    |2 8.10 

Coal   (estimated)    5.09 

Oil.  repairs,  etc 200 

Total      IS4.E0 

Tills  gtvea  a  coat  of  €.1  t^a,  per  cu-  y^.  of  excavation  and  of  aO.S 

rts.  per  lln.  ft,  ot  sewer. 

•Knoinccrlng-Conlracllnii,  Jan.   tl,   1909. 
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Excavacion  bi/  Hand — The  encavatlon  between  sheetliiK,  approx- 
imately Siiiia  fi.,  was  done  by  hand,  scaffolding  the  material  from 
3  to  G  times  and  an  average  of  4  times.  The  cost  of  tbe  work  nas 
as  follows: 

Item.  TotaL 

Foreman,  51   days,  at  »J.iB |    IBB.TB 

Laborers.    2.1S1   days,   at   |1.2B 4,SH.0O 

Total     (B,OT9.T5 

This  gfvea  a  cost  of  39.4  eta.  per  cu.  yd.,  and  of  »1.3E  per  l\n.  fi. 

Ptmipins. — The  pumping  plant  conslBted  o(  3  No.  S  Emerson 
pumps  drawing  from  the  well  points :  1  Ko.  2  Emerson  pump  tak- 
fng  water  from  the  pools  formed  trehtnd  the  drag  bucket  bx- 
cavator :  1  duplex  pump  for  boiler  feed.  Jetting  point*,  wetting  brick, 
otc  and  4  30-hp.  horliontal  boilers  mounted  on  wheels.  Thia  plant 
wi)rked  continuously.  The  cost  of  operation  was  as  follows ; 
Item.  Total. 

Laborers.    464    days,   at  i2 t    »£S.Oa 

Fireman,   43»  .days,  at  13.50 l,SS(.50 

Pipe  linemen,    1^38  days,   at   |2.B0 3,094.00 

Foreman,   !T  days,  at   T3.50 »4.5D 

Coal,  60  days,  nt  tlS   (estimated) 900.00 

Total     16,553.00 

This  gives  a  rost  per  lln<al  fool  of  sttwer  of  ll-Bl  for  pumplnR, 
Charged  entirely  against  the  excavation  between  aheetlng  wlili:li 
was  closely  1:2. SS3  cu.  yds.,  the  cost  of  pumping  per  cubic  yard  of 
RKcavatlon  was  50.8  cts. 

Sheeting. — The  sheeting  consisted  of  2i8  In,  x.  12  ft,  plank  driven 
close  on  each  side  of  the  trench.  This  shCftlng  was  braced  apart 
by  two  6x8  In.  walling  pieces  set  3  ft.  apart  vertically  and  6x8  In. 
x  BK  ft.  cross-braces  spaced  S  ft.  apart  along  trench.  The  cost  for 
Unking,  bracing,  pulling  and  bringing  forward  was  as  follows: 
Item.  Total. 

Labor,  plndng  and   driving,    392  'days,   at 

12.25     1    882.00 

Labor,   pulling  and   bringing   ahead,   18! 

days,     at     I2.»5 409.BO 

Foreman,   21   days,  at   13.60 94.60 

Carpenter,    36  days,   at  83 108.00 

Total     $1,494.00 

This  gives  a  cost  for  sheeting  of  36.8  cts.  per  lln.  f(.  of  trench 
and  of  11.6  cts.  per  cu.  yd.  of  excavation  between  sheeting.  There 
were  about  73  ft.  B.  H,  of  sheeting  and  bracing  per  lineal  foot  of 
trench,  so  that  the  cost  per  M,  ft.  R  H.  was  practically  IE  for 
labor  placing,  pulling,  etc. 

Laving  Brick  Setoer,— The  aewer  was  built  of  two  rings  of  brick. 
The  Invert  was  built  In  24-ft.  sections.  Wooden  centers  with  lag- 
ging 16  ft.  long  were  used  In  laying  the  arch  and  2  men  knocked  die 
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centers  .down,  brought  them  forward  and  re-erected,  ttiem  as  fan  a> 
G  bricklayers  could  work.     The  coat  o(  laying  was  ua  follows: 

Item,  TotaL 

Bricklayers.   223    days,   at  tlO |2. 230.00 

Tenders.   112  daya,  at  13. 7B <20.0O 

Scaffoldroen,    111    days,    at    12.76 SOS.ii 

Mortar   mtxera.    22G    days,  at   ¥2.S0 562.50 

Form  aetCere,    100  days,  at  t3.TS 375.00 

laborers,    715   daya,   at  t2 I.43t).00 

Carpenter,    18    days,    at  i! 51.00 

Total     I5'.37».75 

Thla  Klves  a  coat  of  fl.32  per  lln.  fL  of  aewer  and  of  fS.Sg  per 
1.000  bricks  lata 

BaaMlttnff.—The  backnlllDK  to  a  helsht  of  2  ft.  above  the  brick- 
work waa  done  by  hand,  and  for  the  remainder  of  the  height  by  a 
1h3U.  yd.  Hayward  clam  abell  eicavator.  The  backfllUng  by  hand 
called  for  277  days'  labor  at  %2  and  coat,  therefore,  tSSI  or  13.6  cIs. 
per  lln,  ft.  of  aewer.  The  cost  ol  the  clam-shell  excavator  work  wns 
aa  tollowa; 

Itpm,                                                                           Perahlft. 
I  engineer,    at    |S %  t.OO 

S  laborers. 

Coal   (eatli 

Oil,  repalra  etc. e.w 

Total      122.00 

There  were  55  shifts  worked  gtvlng  a  total  oost  of  11,210.  In  ad- 
dition the  drag  bucket  excavator  waa  worked  backfilling  for  is 
shifts  at  t24.GI>  making  a  total  of  1441.  Lumping  the  work  of  bath 
machines,  the  coat  of  backnillng  was  40.<  ct*.  per  lln.  ft.  of  aewer 
ivnd  S.B  cla  per  cu.  yd. 

ifaterials. — The  coat  of  materials  waa  as  follows: 

1,018,000  brick,   at  »5  per  M 16.090.00 

:t.054  bans  T':lra  cement,  at   20  eta. 610.80 

3.054  bagfl  Universal  cement,  at  3G  ots...   l.OOG.OO 
Lumber    (estimated)    SOO.OO 

Total     n.369.70 

Thla  la  a  cost  of  *1,81  par  lln.  n,  of  aewer, 

HaaUno  Materlalt.—For  about  3.0UU  ft.  of  the  work  all  matertels 
were  hauled  from  the  railway  siding  In  2  cu.  yd.  steel  dump  cars 
running  on  narrow  gage  track.  The  average  haul  wns  1.70O  ft.  For 
the  remainder  of  the  work  the  hauling  was  done  With  teams :  brick 
were  hauled  by  subcontract  for  70  cts.  per  M.  Two  teama  were  also 
employd  throughout  the  work  to  haul  BUppllea  from  local  deslers 
and  to  haul  coal  to  the  eicnvnlors  when  they  wrre  beyond  reach  of 
the  contractors'  railway.  The  coat  of  hauling  was  aa  follows: 
Item.  Total. 

T.nliorera.  767  davs,  at  12 11.5:14,00 

Foreman.    52  daya.  at   13.50 182,00 

Brick,  hauled  by  tenm  at  TO  cts.  I>cr  M. .      ISt.SO 
Tonms.   100  days,  at  15.50 550.00 

Total      12,460.00 
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The  cost  of  hauling  was  thu«  S0.7  cts.  per  Un.  tt.  of  sewer. 

Superintendence  and   General   Expemea, — The  costs  under   these 
Items  c^omprlsed  the  folio  wing: 

Item.  Tolfll. 

Superintendent.    2    months,   at    tloO t    300.00 

General   foreman,    2   months,   at   tl5n 300.00  | 

Master  mechanic,   1  month,  at  |200 ZOO.OO 

Clearing   rfght   of   way 80.00 

Waterboys.    160   days,   at  »1.B0 Z40.00  -  I 

Handy  teams.   52  days,  at  13 150.00 

Total     ll.SZS-OI) 

This  elvea  a  cost  of  30  eta  per  Itn.  ft  of  sewer. 

Summary. — Stmimaiiilng  the  costs  of  the  work  per  lineal  foot  of 


BacktUllDS 
Backfilling 

Materials    

Hauling  materials   . 


Total    10.810 

Cost  of  Rock  Excavation  for  Sewer  Trenches  In  St.  Louis The 

following  data  were  published  In  Enoineering-ConlTacUng,  May  30. 
The  excavation  of  sewer  trenches  In  South  Benton  street. 
Sewer  District  No.  fl,  St.  Louis,  was  mostly  In  solid  roch,  of  a  lime- 
stone formation  usual  to  the  vicinity.  The  work  was  done  by  con- 
act,  and  the  actual  cost  of  the  work  Is  given  below. 
The  rock  is  a,  limestone  lying  In  horizontal  ledges  or  strata.  1  ft. 
I  3  ft.  thick.  The  top  *  ft.  or  6  ft.  of  roclt  is  more  or  less  rotten 
id  seamy,  easily  shot  and  sledged  to  pieces.  Below  this  top  rock 
Is  hard  and  dlfflcult  to  breoJc  tip. 

Dirt  seams  run  through  It  all,  at  limes  causing  the  ledge  to  break 
out  back  under  the  sides  of  the  trench,  requiring  considerably  more 
excavation  than  Is  estimated  and  paid  for  under  the  speclHcatlons. 
An  estimate  of  this  extra  excavation  la  about  20%  more  than  is 
paid  for.  The  weciflcatlons  stated  that  when  solid  rock  was  en- 
countered In  laying  pipe  sewers,  the  solid  rock  was  to  bo  eicavatsd 
S  Ina  below  the  flow  line  for  all  pipes  of  IS  ins  or  less  In  diameter, 
and  9  Ins.  below  the  flow  line  for  pipes  of  greater  diameter  than 
IS  Ins.  The  trench  was  then  to  be  tilled  with  sutHclent  earth,  well 
rammed,  to  form  a  foundation  upon  which  the  pipe  should  be  laid. 
Payment  for  the  work  was  made  as  follows:  Class  "A."  (Earth), 
Class  "B"  (Loose  Rock).  Class  "C"  (Solid  Rock),  and  quicksand 
excavation  lor  pipe  sewers  was  paid  for  at  the  prices  bid  for  Class 
"A,"  Class  "B,"  Class  "C"  and  quicksand  excavation,  respectively. 
and  was  estimated  for  a  width   12  ins.   greater  thnn  the  Inside  dt 
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Dineter  of  llie  ptpc,  for  all  pipe  18  In.  or  less  In  diameter  and  IB 
In.  (or  pipes  of  greater  InBlde  diameter  than  18  ins. 

To  qun.rr>-  the  top  rock,  the  drill  holes  were  ataggered,  spaced 
aliout  4  ft.  apart  along  the  trench  and  about  6  Ins.  from  the  sides 
of  the  required  width  of  trench.  See  Fig.  6.  In  the  lower  and  hard- 
er rock,  the  spacing  of  drill  roles  was  I^.ft  but  similarly  stng- 
gerfd.  It  any  rork  projected  too  far  out,  It  was  aledged  or  shot  oft 
by  UshI  shots. 

To  break  up  a  ledge  or  strata,  the  drill  holes  In  the  top  rock  were 
driven  about  ha!f  way  through  the  ledge  while  for  the  lower  rock 
they  were  driven  n  to  ^  the  thickni'ss  oC  ledge.  Hand  drills.  \\- 
In,  bit.  were  used,  one  mnn  to  a  drill,  and  about  10  Itn.  fL  of  hole 
was  drilled  per  8  hours'  work.  The  shots  were  about  one  stick  o( 
60%  dynamite  per  foot  In  depth  of  drill  hole. 

The  costs  given  here  do  not  Include  Insumnce,  collection  o(  spe- 
cial tax  bills,  tools,  and  office  pxpenaes.  The  blacksmith  bill  Wiis 
tSS3.  or  30  clK.  por  cu.  yd. :  the  powder  bill  IBSfl.T*,  for  about  4.S0O 
lbs.  of  dynamite:  the  wages  of  foremen  were  S5.00.  quarrymen  (3,00, 
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rig.   5,     Spacing  of  Drill   Holes. 

and  a  few  lalrarers  13.00  per  S-hour  day.  The  total  amount  of  rock 
paid  Cor  was  1,6S3  cu.  yds.  The  coat  oC  dynamite  was,  therefoi-e. 
JO.JO  per  cu.  yd.,  and  amount  was  2H  lbs.  per  cu.  yd.  On  the  sup- 
position of  1-5  more  rock  actually  handled  than  allowed  In  tlie  esti- 
mates, the  dynamite  Is  JO. 34  per  cu.  yd.,  or  2  lbs.  per  cu,  yd.  The 
avcmge  amount  of  rock  (or  an  S-hour  day  per  quarryman  was  0,9S 
CU.  yd. 

The  following  tables  are  based  upon  measurements  and  quantities 
estimated  and  paid  tor  under  the  speclBcatlons.  The  average  costs 
ni-e  derived  from  this  estimate  and  the  expense  account  on  the 
whole  or  actual  excavation, 

3T0  lln.  (t.,  3I-ln.  sewer :  average  depth  In  solid  rock.  14  ft. : 

Foreman.  6T  days,  at  *6 1    3St 

Quurrym.i.n,    700   daj-s,    at   }3 3,100 

Laborer.   13   days,   at  %i 14S 

Total,  600  cu.   ydi,  at   J4.30 »!,5S1 

28T  tin.  ft.,  18-in.  sewer:    average  depth  In  solid  rock.13  ft; 

Foreman.   Sj   days,   at   »5 t    270 

Quarryman.    34S   days,   at   13 1,029 

Total.    J17   cu.    yds.,   at   t4.43 11.406 
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311  Iln.  fu.  I8-In.  sener;  average  depth  In  solid  rock,   II  ft.: 

Foreman,    65    daj-s,    al:    tS f    3Z0 

Quarryman,    3E0    d&ys.    at    (3 I,0&0 

Laborer,    HOH   days,   at   ti lei 

Total.    380    cu.    yds.,    at    t4.0J tl,E36 

222  lln.  ft.,  IG-ln.  sewer  i    average  depth  In  solid  rock,  11  [L : 

Foreman,   36   days,   at   tS tlSO 

Quarryman,    ZIS    days,   at   fl S4i 

Laborer,    40    days,    at    |2 80 

Total,    208    cu.   yds.,    at   t*-39 fUUd 

111   llD.   ft,    IK-!n.    sewer;    average  d«pth   In  solid  rocK,   8  ft.: 

Foreman,  32  days,  at  |& tISO 

Quarryman.   129   days,   at   $3 3E7 

LAborer.  60  days,  at  t2 lUO 

Total,   180  cu.   yda.  at  |3.I0 t6«I 

The  average  coet  of  the  rock  excavation  was  as  follows: 
Percu.  yd. 

Porenuui   nnd   labor t4.:;u 

Dynamite     li.'IO 

BlackHmith     o,i;o 

Total     *1.80 

Ob  the  estimate  of  l-S  more  actually  excavated  than  allowed 
for  the  average  cost  of  rock  excavation  was  as  follows: 

Per  en.  yd. 

Foreman   and   labor |3.50 

Djnamlte     0.3J 

Blacksmith    O.id 

Total     (actual    excavation) t4.00 

The  cost  of  excavation  of  eartti  and  loose  rock  was  tO.SO  and 
11.40  per  cu.  yd,,  respectively.  The  coat  of  backfllUng  was  tO.15 
per  cu.  yd.  of  excavation. 


Curtis  Hill,  Civil  Engineer  of  the  Sewer  Deportment.  St.  Ijiuls,  Mo. 
Cost  of  Pipe  and  Brick  Sevters,  St,  Louis — Mr,  Curtla  Hill  gives 
the  following  data,  which  are  averoges  of  work  done  by  contract 
during  three  years,  April,  1901,  lo  April,  1904,  The  work  con- 
sisted In  building  40  miles  of  vitrified  pipe  sewers,  12  to  24  Ina. 
dlara.,  and  IB  miles  of  egg-shaped  (IS  \  i7-ln.  to  48!t60-ln.)  and 
Circular  (80  to  108-ln.)  sewera  The  egg-alinpeJ  aewers  were  9  Ins. 
thick:  the  circular  sewers  were  13  Ina.  thick.  The  excavation  was, 
for  the  most  part.  In  stlfl  clay,  only  a  small  umount  of  quicksand 
occurring.  Trench  excavators  were  not  very  succeasfiil,  because  the 
"Joint  clay"  caved  In  If  not  well  braced  as  fast  ns  excavated.  The 
Chicago  Sewer  Ebtcavator,  however,  made  the  hest  records  made 
With  trench  excavators.  Potter  trench  machines  were  largely  used 
for  the  smaller  trenches,  and  cableways  for  (he  larger  trenches. 
The  Potter  machine  consists  of  a  movable  trestle,  and  a  bucket  car 
that  rides  on  tracks  on  top  of  the  trestle  bents.  This  car  Is  moved 
t>ack  and  forth  by  a  stationary  hoisting  engine,  which  also  hoists 
the  buckets.  The  legs  of  the  trestle  span  the  trench  and  are  pro- 
vided with  wheels  that  rest  on  rails. 
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COBT 

or  Pipe  and  Bbick  E 

[Ian. 

B      is 

ilfi 

i 

s 

Ps^ 

.^ 

:o 

drculart 

t       0.8 

0.40 

t  No  trench  machine  used. 

ice   ot  men.   and   oStce 
I,  St.  LoDiB. 


'i     u 


(1.71 


i 

IT.  84 


)  the  number  of  cubic 


The  "cu.  yda.  per  laborer  per  hr.' 
yards  excavated  and  loaded  Into  bucket*  by  each  lat>orer  actually 
enKBged  tn  dlggrlng.  Vbe  avera^  of  all  the  work,  IncludlQK  pipe 
aewerB,  was  about  9  cu.  yds.  excavated  per  man  per  10-hr.  day. 

On  pipe  sewer  trenches,  where  no  machlnary  was  used,  the  cost 
of  earth  excavating  was  as  follows: 

Slie  ot  pipe,  Ina.         Depth  In  ft       Cost  per  cu.  yd. 


15 


IS 


0.15 


It  cost  90  eta  per  cu.  yd.  to  excavate  loose  rock  In  the  trenches 
IE  and  le  tt  deepi   and  t3-S0  per  cu.  yd.  to  excavate  solid  rock. 

"Four  men,  the  bottomnuui  and  his  helper,  with  two  men  hand- 
ling and  lowering  the  pipe,  laid  2I-ln.  and  24-in.  pipe  at  the  rate 
of  sixteen  lineal  feet  per  hour,  at  a  coat  of  S  eta.  per  lln.  ft.  Three 
men  will  lay  the  Hnme  amount  ot  IG-In.  or  18-ln.  pipe  In  the  same 
time.  Including  the  material  tor  Jointing,  the  cost  of  laytqs  pipe  la 
10  eta  per  lin.  ft. 

"A  good  sewer  brick  mason  will  lay  from  400  to  BOO  bricks  per 
hr.  There  is  one  case  where  four  masons,  working  on  a  «l4-fL 
brlcl!  sewer,  each  averaged  800  bricks  per  hr.,  and  kept  tt  up  for 
■evera!  days,  hut  this  Is  far  above  the  average." 

The  average  coniract  prices  for  the  three  yeara  (ltOl-4)  was  as 
follows : 

I   0.4E 


2-ln.  pipe,  per   lineal  foot. 

ilk-1n.  pipe,  per  lineal  foot.. 

I8-In.  pipe,  per   lineal  foot. 

21-ln.  pipe,  per  lineal  foot. 

24-ln,  pipe,  per  lineal  toot. 


O.GG 
0.80 
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pipe  JunctlooB.  extra,  each 

Slants  for  brick  uewera,  each 

Earth  excavation,  per  cubic  yard.. 

SoliJ   r 


cubic    yard 

B  paid  for  a 


e  pipe  o 


Mr.  : 


requiring  ZftT  days  to  build,  twi 
were  used.  There  were  19,918 
(earth).  S.62S  cu.  ydt.  of  Clan  "B"  (loose  rock),  ai 
of  Class  "C"  (solid  rock).  There  were  2.303  lln.  ft.  i 
3.24D  lin.  tt.  of  S-ft.  sewer,  2&4  lin.  ft  of  T-ft.  sewer 
of  i'A-tU  sewer,  and  1,203  Un.  tt.  of  4  x  a-fc.  sewe 
quired  8.1TT  cu.  yds.  of  hard  brick  masonry  and  li 
vllrined  brick  masonry.  The  excavation  ("A."  "B-  i 
tS  CIS.  per  cu.  yd.,  of  which  lli^  cts  was  the  coet 
machliies.  The  total  cost  ol  this  trench  excavailo 
yds.).  Including  labor  of  bracing  and  backfilling,  was  i 

Foreman.   «.400   hours,   nt  BO  eta. I  . 

I^bor 


tly  completed  brick  sewer. 
maclilni'S  and  a  cableway 
L   of  Class    'A'   exuivatton 


30   cte.    

Waterboy,  3,800  hours,  a 
Team.   10.450   hours,   at 


6. 600.00 


Total,    68,E80    cu.   yds.,   at   (0.68 »38,278.00 

Most  of  the  trenches  require  bracing,  the  timber  for  which  costs 

!   cts.   to   10  eta.  per  cu.  yd.    of  excavation,   wlilch  Is  not   Included 

In  the  above.     Yellow  pine  costs  |18  per  M, 
The  wages  of  foremen,  waterlKiys  and  watciimen  are  all  charged 

against  excavation,  and  no  part  against  masonry. 
The  coet  of  laying  the  brick  masonry  was  as  follows; 


Mnso 


11.400  h 


t  76  c 


Helpers.   1.400  hrs..  at  26  c 


10.00 


Hortarmcn.  lO.TSO  hrs..  at  37^  cts. 2.9&6.ZE 

Total   tor   8,900   cu.   yds.,   at   {1.52 tI3,S0t.26 

ions  averaged  422  bricks  per  hr..  or  3,i7t  bricks  per  g-hr. 


Cost  of  a  Bricic  Sevrar  at  St.  Louis,  Includlns  Tunneling  In  Earth 
and  In  Rock.— The  following  data  were  published  la  B»glnveri»a- 
CotitracUng.  Jjly  10,  1907. 

The  13th  street  sewer  In  St-  Liouis.  Ho.,  was  designed  to  give 
deep  drainage  in  a  down  town  district,  where  the  street  ts  narrow, 
the  trafBc  heavy,  and  tbe  ground  well  Qlled  with  pipes  and  con- 
duits. Owing  to  these  conditions,  the  plans  were  made  and  con- 
tract let  for  tunneling  the  entire  sewer.  TIte  sawer  is  bricit,  SO-ln. 
X  42-ln.  diameter  and  1.4G8  ft.  In  length. 
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Taking  a  mean  lengtli  of  earth  and  rock,  there  were  630  ft  of 
earth  and  828  fL  of  solid  rock  tunnel,  nve  BhaflB  were  used  In 
the  earth  section  and  ten  In  the  rock. 

The  work  was  done  by  the  Hyera  Construction  Co.  of  St.  LiOul) 
during  the  winter  of  1!>06-1SOT,  tn  1!>I)  days,  including  Sundayi  and 
holidays. 

t  Included  the  excavation  of  1,158  cu.  yds.  of  earth 


COST  OF  A  WEEK-S  SEWER  WORK  ON  POUK  JOBS. 

iTwo  Brick  and  Two  Piiie  ScKcn) 

TrSSi 

Poller 

Potto, 

Carson 

N...    . 

*5r 
5 

1 

Job  No.  1 

Job  No.  i 

Job  No.  3 

Job  No.  t 

Laborer .'.'.'.'. 

1.<M 

i 

'"ll 

I7W 
8100 

1.000 

Wugea 

1 

OU 

ffi"S 

18.20 

la 

• 

sT 

370 
135 

•Machine... 

Cubic  yard. 

Depth  ottre 

Kind  of  soil. 

SIteofKwer 
Length  of  K- 

[>erboui 

1 

siifl 

r 
r 

«rtb 

Stiff  earth. 

uo 

if 

300 

».„,.. 

H-in^ipe 

Mortarman.- 
Total... 

Wil 

M 

^18S 

Cu.  yds,  brick  niasonr 

■•nt.'. 
oyard 

•a 

ice 

0.(0 

tl« 

3.71 

1.0fi 
0.22 

KM 

per  bottom 

pipe  layer), 
whow  wages 

"rlSJr" 

per  bottom 

Trench 
■Italloir, 
no™(foi;i. 

b^^ 

0.7  bhi,  cemen 

irt-l.t 

Total  per  cu 
masonry. 

bicyard 

.19  . 
brick 

coal  perS^ho 
enainemanan 

iSl 

n.t^ 

led  for 
otalcoa 

llZSr 
alam 
tistl 

fiTpe™ 

h.  and  buR^s 
9  are  added  to 
nr. 

li  bushel!  o< 

and  8B0  cu.  yds.  of  rock,  and  the  conatruction  Of  770  cu,  yds.  of 
brick  masonry.  The  work  was  paid  for  on  the  unit  baal*  aod  all 
'n'ork  done  was  measured  up  and  paid  for. 

The  earth  was  a  plastic  clay.  Which  would  drop  out  In  the  arch 
following  the  ahiivel.  In  this  way  extra  work  m-er  (he  arch  (over 
and  above   the  regular   9-ln.   brick  woric)    averaged   8  tna.      In  tiM 


^ 
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rock  tunnel,  ihc  averuge  wus  V  Ins.  over  me  urcn  and  6  ln&  on 
the  lower  quarter  haunches  o(  the  Invert.  Theae  spaeea  were  fille<l 
Bolld  with  brick  masonry. 


ctlon.   removlnti   me   timber   supports  as   tlie 
Material   (or   the   next   seitlun   was   passed 
thiough  the  nnlshed  one. 

The  rock  was  a  stratlfled  Umastone.  Irregular  and  gnarly.  It 
varied  In  hardness.  In  some  places  to  u  iJInty  appearance.  Tlie 
blasting  was  done  In  batteries  ot  three  shots,  (he  hrst  In  the  upper. 
or  arch,  portion  o(  the  heacllDK.  When  this  broken  rock  had  been 
removed,  the  same  in-ocess  was  repealed  on  the  lower,  or  Invert, 
section.  Holes  ware  driven  to  a  depth  ol  about  'i  tt.  and  load«d 
with  from  %  to  I'A  sUeks  of  50  per  cent  dynamite,  the  slEe  of 
Slick  depandliis  upon  the  Indicated   hardness  and  position  of   the 

The  cost  of  the  work  was  as  follows: 

Earth   excavation  :  Per  cu.  yd. 

Foreman.  620   hrs.,  at  tO.60 I0.22G 

Bottommen.    1,320   hrs.,    at    10.50 STl 

Laboreri,    7,600    hrs.,    at    »0.30 1.846 

Carpenter.    830   hra.   at   lO.&O 3B9 

Labor,   tlrabertns,   SSO  hrs.,  at  t0.3i} ISl 

«inber,  22  M  ft,  a"  •"" 
Watchman,    520  hrs 
Waste,   665   loads,   e 

Total     H.J38 

The  earth  excavation  amounted  to  1,156  cu.  ydK  and  each  labor- 
er averaKcd  .1C4   cu.  yd.  per  hour. 

Hook    excavation :  Per  cu.  yd. 

Foreman.    l.OOO    hrs.,    at    10.50 »0.6Sg 

BottDmnien,    li.SOO   hra,   at    fO.il} 1.177 

Idborera,    ^.980   hra,    ut    10.30 3,402 

Bnslneer.    1.800    hra.,   at   10.50 90!* 

Blacksmith     070 

Watchman.    1.600    hrs.,    al    10.11% 318 

Dynamite,   4,000   lbs.,   at  10.16 tit 

Caps   and    fuse 030 

Waste.  445  loads,   at   tl ^00 

Total     J7.86S 

llie  rock  excavation  amounted  to  880  cu.  yds.  and  each  laborer 
averaged  .088  cu.  yd,  per  hour.  In  the  Hgures  given  above  for 
earth  excavation  and  rock  excavation,  by  the  Item  "waste"  Is  meant 
the  excavated  material  that  it  was  necessary  to  take  unay  ;  In  utiier 
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words  the  aurplua  excavation.  The  length  of  the  haul  was  about  t% 
miles,  and.  where  the  contractor  hlrad  teams  for  the  puriHwe,  they 
were  paid  by  the  loail  at  the  rate  of  f  1  per  load.  The  Hgures  given 
for  "waste"  are  what  the  contractor  actually  hired  teams  to  re- 
move; but.  In  addldon,  he  used  some  of  his  own  tearru.  of  which  he 
kept  no  close  record- 
Brick  masonry :  Per  cu.  yd. 

Bricklayer.   1,180  hrs.,   at  II tI.6S2 

Helpers,    2,4ua    hrs.,    at    tU.30 SSG 

Watchman.    480   hrs.,   at   »0.nW 109 

BrlcK,   310  M.   at   (8 3.B7) 

Cement,    IGD    bbls..    at    |1.SD l.OTG 

Sand,    190  cu.   yda,   at   fl 247 

Total     »7.872 

A  total  Of  TTO  cu.  yds.  of  brick  work  were  constructed :  o(  this 
amount  73  cu,  yds.  were  eonstrucled  of  vitrified  brick,  costlns 
112.00  per  M.  Allowing  for  the  extra  cost  of  this  vltriHsd  brick 
brings  (he  total  cost  o(  the  brick  masonry  per  cubic  yard  to  tT.SV. 
The  vitrified  brick  mosonry  alone  cost  *S.ia  per  cu.  yd.  Bach 
bricklayer  averaged  .652  cu,  yd.  per  hour. 

The  plant  used  In  the  work  and  Its  cost  were  as  follows: 

Dynamo,  20  hp..  and  electricity  (or  4  months tSOO 

Compresaor    260 

Receiver     2S 

Air  drllis    (IngersoU-Rand,   N.  T.),  8,  at  »110 iJO 

Pumps,  two  2-ln.  at  ISO,  and  one  l-in.  at  ISO....  ISO 

Hand  windlasses   100 

Tools,    boots,    lights,    gasoline,    etc. ZOO 

With  the  exception  of  the  lest  two  Items,  all  of  the  plant  was 
used  In  rock  excavation  alone.  The  earth  section  of  the  tunnel 
was  worked  from  the  outlet  and  there  was  little  pumping  required. 

In  [he  costs  given  above  no  charge  has  been  made  for  plant. 
nor  do  the  costs  Include  office  expenses  of  the  contractor  nor  In- 
surance of  the  men.  For  the  Information  from  which  this  article 
was  prepared  we  are  Indebted  to  Mr.  Curtis  Hill,  C,  E..  of  fit 
LauIs.  Ma 

Cost  of  Pipe  and  Brick  Sewer*  and  Manholes  In  St.  Louis. — This 

sewer,  which  was  known  as  the  Tam  Avenue  public  sewer,  was  con- 
structed In  St,  LjOuIb,  Mo.,  and  consisted  of  26S,6  ft  of  24-10.  I>lpe 
aewer  and  154  ft-  of  22-ln,  x  33-ln.  brick  sewer  and  one  manbole- 

The  brick  portion  of  this  sewer  Is  under  the  Missouri  Pacific 
Railroad  tracks  and  the  street  railway  tracks  on  the  adjoining 
street.  The  tracks  consist  of  five  railroad  and  two  street  car 
tracks.  The  work  here  was  done  In  open  cut.  the  railway  com- 
panies supporting  their  Own  tracks.  The  dltflculty  of  worklnK 
through  and  under  these  tracks  somewhat  Increased  the  cost  of  the 
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brick  sewer.  Bt'en  with  this,  the  cost  of  rock  excavation  Is  low. 
since  the  rock  belonBod  to  a  cIbsb  easily  handled,  being  horiEontally 
Btrntltleti  limestone,  more  or  less  rotten  on  top.  while  the  resi 
shattered  well  when  bloated. 

The  drill  Hole*  were  vertical  (drilled  with  band,  or  churn  drills), 
spaced  about  i  ft.  along  the  center  of  the  Ironeh,  driven  about  IVj 
It.  deep  and  lauded  with  IVi  sticks,  about  1  lb.)  of  40%  dynamite. 
The  driller  lipid  Ida  own  drill,  one  man  drilling,  1.  e..  only  one  drill 
with  one  man  to  a  hole.  Llmeatone  was  ordinarily  found  In  one 
to  three  root  strata,  and  the  drill  holea  were  driven  to  auch  a  depth 
that  the  shot  would  tear  out  the  strata.  The  layers  of  stone  were 
of  Bi  depth  at  this  place  that  holes  about  1^  ft.  deep  loosened  up 
the  stone  to  the  layer  beneath.  The  top  4  or  5  (t.  (and  sometimes 
more)  of  the  rock  were  rotten,  and  all  that  wsa  necessary  In  the 
way  of  blasting  was  to  loosen  up  the  ledge,  then  sledge  and  ploh 
It  out     The  attolB  were  In  Uie  center  ot  the  trench,  which  would 
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Fig.  8.     Profile  of  Tam  Aver 


leave  the  sides  of  the  trench  ragged,  but  the  same  rotten  rock  can 
be  sledged  and  dressed  oft  to  required  width. 

The  trench  Was  S^  ft.  wide.  The  width  of  rock  excavation  paid 
for  la  estimated  to  the  extreme  width  of  the  brick  work  down  to 
sub-grade.  The  railroad  ballaat  la  Included  In  the  earth  excava- 
tion. All  excavation  costs  include  the  labor  ol  backOlling.  disposal 
of  surplus,  bracing,  etc.,  but  no  allowance  la  made  tor  lumber  tot 
bracing,  nor  for  the  Incidentals,  such  as  care  of  tools,  insurance, 
contractor's  o0ce  expense,  etc    No  machinery  was  used. 
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U-m.   Pipe   J!ru.n-. 
E^arlh  EKcavutlon   li^   fu  cut;  laO  cu.  yde.). 

Total.       Perpu.  yd.  PerHn-ft. 

Foreman.  2T  hru,,  al  (0.50 113.50              tU.O»  fU.Oi 

l-BlMir.    153    hra,    at    iO.25 38.SB                0,2i  O.lj 

Total     *il.7i              tg.35  (olo 

Pipe   and   Pipe  Laying   (SG2.a   lln.   ft.). 

Total.  Per  lui.  fv 

Foreman.   10   hra.,   at   10.50 1  i.oo  (o.oi: 

Ljibor.    130   tirs.,    at    (0.25 30.00  0.11 

Eioccomman,    (3   hr*.,   at   fO.SO 18.90  0.07 

Cement.    I-ISO    bbl..   at    fl.50 0.01 

1-Lpe.   per   ft 1.25 

ToUl     S1.4S 

EJiPBvatloii   p*T  lln.   (t 0,10 

Urand  total  per  lln.  (t.  pipe  sewer }1.6S 

«-/«.  I  ii-In    Brick  Sctser. 

(154   lln.  fc.) 

Eaith    Excavation    (9.2   tt.    out;    190  cu.    yds.). 

Total.       Pel-  L-u.  yd.  Per  lln,  ft. 

Foreman.    53   hr*.,   at   |0.50 t  26.50              HM4  10. i« 

Labor.    630   lire.,    at    10.35 1G2,G0                u,»:.  i.05 

Total     JISO.OO              10.99  »i.-i 

Solid  Rock  ExcavatliHi  (7  ft,  cut:  135  cu.  yds.}. 

ToUL      Per  cu.  yd  Per  lln.  ft. 

Foreman.    100   hra,.  at    10.50 t  50,00              10.37  10.32 

•Drillers,   oTO  hra..  lit  J0.30 171.00                1,20  l.H 

l.«l>or.    i«0    bra,,    at    f0,25 115,00                0,85  0  75 

Dynamite.   70  lbs,,  at  tO.lS lO.Sb                0,08  0,07 

Total      f316,60              (2,56  (2,35 

Brick  Masonrj-   (11  cu,  yda). 

Total,      Percu.  yd.  Per  lln,  ft. 

Foreman.    54    hra,.   at   10,50 f   :!7.00              to, OS  SO.17 

tMason,   «I    bre..   at    tl.OO 61, OU                 1.49  0  30 

Helper.   61   hrs,.  at   (0.25 15.2^                0,37  o  10 

Morturman,    62   hrs..   at   (0.30 18.60                1145  0  12 

Brick,  IS.200.  at  18.50  per  H. 155, 5i>                3,79  I'oi 

Cement,  25  bbls..  at   SI. 50 37.50                u.Ml  n«) 

Sand.  12  cu.  yds.,  at  il.OO I2.OI1                0.29  0.08 

Total     (320. y«               (I.ss  (j."ii 

Rock  excuvntlon    '.''/.  £^6 

Total  cost  o(  brick   sewer (siiT 

■  At  rate  of  U  cu.  yd.  per  hour  per  driller, 
t  At  rate  of  %  cu.  yd.  per  hour  per  mana 
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Brick  Manhole. 

Total. 

Hawn,    9   hTB.,  at   11.00      f  S.OO 

Helper,   S  tirs..  at  f  0.2i 2.2S 

Uortannan,  9  hrs.  at  tO-3*> 2.70 

Brick.    LHOa,  at  tS.BU  per  M li.30 

Cement.   :i.[i   bbla..  at  fl.SO 3.T6 

Sani],   1  cu.  yd.,  at  »1.00 1.00 


Total     134.00  t>.4S 

Cast-iron  (head),  490  Iba.  at  I0.02H 12.2E 

Wrought-lron  bunds  and  steps,  102  lbs.,  at  (0.04     1.08 

Total   coat  of   manhole IBS.SS 

The  Infonnatioti  slven  above  was  furnished  by  Ur.  Curtis  HiU, 
Chief  Bntlneer  of  the  Sewer  Deportment  of  St.  Louis.  Mo.,  and 
published  in  Engiaeering-CtmiracUng,  Uarch.  1906. 

C««1  of  a  BrlEk  Sewer  at  Syracuse,  Suilt  by  Tunneling. —The  fol- 
lowing  data    were   publlBlied    In    Snelnecring-Coittractlnff,    Nov.    14, 

The  so-called  tunnel  line  oewer  of  Syracuse.  N.  Y..  was  construct- 
ed for  the  purpose  of  draining  some  600  acres  of  land.  The  area 
to  be  drained  lies  In  a  vailey.  surrounded  entirely  by  a  ridge  of 
nlllB,  to  that  (he  excavation  (or  the  sewer  had  to  be  done  partly  by 
the  open  cut  method  and  partly  by  the  tunnel  method.  The  cost 
llEures  that  follow  are  for  a  section  of  the  sewer  constructed  by 
the  latter  method.  The  sewer  has  a  total  length  of  4,711  ft.  and, 
starting  at  Orumtiach  avenue  (see  Fig.  T),  the  first  section  of 
470  ft.  was  constructed  by  the  open  cut  method;  then  came  1.135 
ft.  of  tunnel,  495  ft,  of  open  cut.  870  (t.  of  tunnel,  1,240  ft.  of 
open  cut,  280  ft.  of  tunnel,  and  finally  431  ft.  of  open  cut.  Tbi; 
Mwer  Is  circular.  33  Ina  Inside  diameter,  constnicted  of  two  rings 
of  brick  laid  in  cement  mortar,  and  was  designed  to  How  one- 
half  fulL  As  originally  planned  It  was  proposed  to  have  cuts  under 
SO  ft.  made  by  the  open  cut  method :  the  contractor,  however. 
dectded  to  build  the  sewer  for  the  distance  of  496  fL  between  the 
two  longest  tunnels  in  tunnel  construction.  All  tunnel  openings  are 
permaDenl.  manholes  being  built  at  these  points^  and  also  at  places 
where  the  tunnel  line  Intersects  streets,  a  distance  of  about  6O0  fL 

Open  Cut  Method. — Work  on  the  first  open  cut  section  of  the 
sewer  was  commenced  at  Orumbach  avenue  on  Dec.  2.  1906.  The 
cut  ran  from  13  ft.  at  Station  O  to  33  ft  to  sub-grade  ul  the  first 
section  of  the  tunnel  (Station  4  +  TO).  The  first  6  ft.  of  the  cut 
was  cast  ouC  by  hand,  but  from  this  point  to  sub-grade  a  trencli- 
Ing  machine  was  used  to  handle  the  material.  The  first  material 
encountered  was  7  ft.  of  loam  clay  and  gravel,  and  underlying  this 
was  a  stIR  red  clay  containing  stone  and  gravel,  varying  In  size 
from  pebbles  to  12-in.  boulders. 

The  trenching  machine  was  built  by  the  contractor.  It  consists 
of  a  bucket  car  mounted  on  wheels,  and  had  n  device  at  the  top  (or 
uae  In  liolstlng  the  bucketa     The  latter  were  of  Iron,  revolving  type. 
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%  CO.  yd.  capadtT,  of  Uie  Und  ordinarily  und  tm  trQnQhles  in»- 
•fh'""  nie  car  ran  on  a  track  ezUndlns  over  tha  trencti,  aplked 
to  croBB  tiaa  latd  on  tho  Kround,  the  rails  being  laid  bo  tliat  tb« 
car  dearad  the  Ud«  of  sheeting.  A  double  drum  atatlonarr  engine 
in  an  engine  house,  mounted  on  wbeele,  wbb  used  to  operate  the 
car  and  tho  hoisting  apparatua  One  drum  ot  the  engine 
was  attached  to  the  cable  for  moving  the  car ;  the  other  drum 
opeiatea  the  cable  for  rising  and  lowering  the  bucketa  The  cable 
nina  from  the  engine  bouse  to  an  A  frame,  and  a  working  distance 
of  200  ft.  can  be  made  advantageously. 

The  operator,  standing  on  the  car  in  view  of  the  trench  and 
buckets,  gave  the  signals  to  the  englnoer  to  raise  or  lower  the 
buckets  or  to  move  the  car  forward  or  txuikward  on  the  track. 
Buckets  were  distributed  oIohk  the  trench  and  when  tilled  the  op- 
erator droppod  an  empty  one,  picked  up  a  lllled  bucket  and  carried 
it  backward,  dumping  the  material  over  the  completed  sewer.  In 
this  way  the  completed  sewer  was  backfilled  bh  rapidly  aa  the  work 
was  flnlahed.  When  It  was  necessary  to  move  the  machine  ahead, 
rails  were  latd  and  the  engine  house  moved  forward  under  its  own 
pow«r,  carrying  the  A  frame  along  with  it 

By  Jan.  i,  4D4  ft.  of  the  flrst  470  ft.  of  open  cut  sewer  had  been 
completed,  the  ronalnlnK  distance  being  left  open  to  allow  the  engi- 
neers distance  for  a  backsight  to  project  the  line  Into  the  tunneL 
This  section  was  afterwards  built  to  within  a  few  (eet  of  the  tun- 
nel opening,  only  enough  room  being  allowed  In  which  to  raise  and 
lower  the  buckets. 

The  sewer  constructed  In  the  open  cut  excavation  was  circular. 
13  Ins.  In  diameter,  the  Invert  being  of  second  quality  paving  brick 
and  the  arch  of  ordinary  sewer  brick.  The  brickwork  was  laid  on 
a  cradle  of  1-ln.  hemlock  nailed  to  Z-in.  square  forme,  the  cradle 
being  tracked  with  concrete  for  3  Ina  underneath  and  8  Ina  at  the 
q>rlng  lln&      The  space  below  the  spring   line  was  also  fllled  with 


runnel  Method  — Work  on  the  tunnel  section  Was  Srst  com- 
menced at  tho  western  end  (Station  4  +  70).  It  was  planned 
originally,  however,  to  start  (he  shaft  at  Oak  street  and  the  shaft 
at  i:>e  Witt  street  about  the  same  time  that  the  open  cut  excava- 
tion was  commenced,  and  In  this  way  start  the  tunnel  excavation 
almultaneously  In  four  headings.  Later  on  the  work  was  carried 
on  In  tour  headings. 

The  dimensions  of  the  tunnel  excavation  were  7  ft  B  ins  x  B  ft 
10  ina,  and  the  materials  encountered  were  a  clay  rock  and  In 
•ome  Instances  slale  rock.  In  the  Urst  section  small  pockets  of  clay 
and  sand  were  encountered,  which  necessitated  very  close  aide 
sheeting.  All  of  the  drilling  was  done  by  hand,  four  hotea  spaced 
about  a  foot  from  the  side,  being  drilled  In  the  face.  The  two 
upper  holes  were  drilled  aliout  IS  ina  from  the  roof,  the  lower  ones 
being  from  18  Ina  to  Z  ft.  from  the  floor.  At  first  each  hole  was 
loaded  with  one  stick  of  40%  dynamite,  and  all  four  holes  blown  at 
<mce.  This  threw  down  the  whole  face  and  was  very  eftectlve. 
It  was  found,  however,  that  the  charge  was  too  heavy  for  the  tlm- 
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b*ring  ta  atand  safely,  ssd  accordingly  the  two  opper  twlea  wtn 
loaded  wllb  1\A  Mlcka  of  dynamite  and  fired.  After  Uie  muck  had 
been  cleaned  away  the  two  lower  nolea  were  loaded  with  tbe  HUDe 
■lied  charKe  and  fired.  The  result  proved  satisfactory.  The  holes 
were  drilled  from  t  tt.  to  3%  ft.,  and  the  face  thrown  out  by  ttke 
blast  had  a  depth  of  18  Ida  to  2  ft.  Betore  a  blast  was  fired  »  plat- 
form was  laid  at  the  foot  of  the  Caee^  and  the  material  or  muck  was 
blasted  out  upon  It.  In  this  way  the  tnatwlal  was  more  eaally 
handled. 

The  method  of  timbering  the  tunnel  I*  shown  In  Flff.  8.  An  tim- 
ber used  In  the  tunnel  was  tteech,  which  on  account  of  Its  fmnliiinw 
did  not  splinter  or  brush.  The  timber  consisted  of  6-ln.  x  f-lo. 
frames,  spaced  about  6  ft.  centers.  The  cap  and  alU  were  6H  ft. 
long  and  uprights  were  6^  ft.  Ions,  with  comers  tempofarlly 
strapped  with   angla   Iron,   which   was   withdrawn   after   overbaad 


Fig.  8. 


and  sldebrldgliig  had  advanced  two  frames.  On  top  of  the  frames 
at  each  comer  were  blocks,  on  which  was  placed  2-ln.  ptank,  leav- 
ing a  space  far  driving  overhead  sheeting.  On  account  of  this 
overhead  sheeting  causing  a  pressure  on  tbe  plank  placed  on  the 
blocks,  the  edge  of  the  plank  was  beveled  and  the  overhead  eheetl&g 
pointed  to  allow  It  to  enter  the  space. 

The  excavated  matter  was  removed  in  buckets,  similar  to  tboM 
described  under  open  cut  work.  These  buckets  were  placed  on  a 
platform  car  which  ran  on  a  Z-tt.  gage  track  carried  along  as  the 
tunnel  progressed.  The  car  was  pushed  lo  the  mouth  of  the  tun- 
nel by  one  of  the  men.  where  It  was  raised  by  trenching  machine 
previously  described,  and  conveyed  to  the  dumping  ground.  The 
excess  of  material  was  used  in  Oiling  low  land  near  the  tunnel 
opening,  the  haul  consequently  being  very  short.  The  platform 
car  was  also  used  in  carrying  lumber  and  other  materials  Into  the 
tunnel,  and  in  carrying  out  bouldt-s;  etc. 
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The  tonl  air  caused  by  the  dimamlte  tames,  bIbo  from  working 
ao  far  In  the  tunnel  without  ventilation,  wa*  overcome  by  pump- 
ing freab  aJr  Into  the  tunnel  through  a.  9-In.  gelvanlied  pipe  by 
meani  of  a  rotary  steam  Ian.  In  this  manner  the  air  was  kept 
very  pure,  and  within  a  short  time  after  a  blast  was  flred  tbe 
fumes  had  passed  away  and  the  workmen  were  able  to  return  to 
the  breast  of  the  heading  to  clear  away  the  muck. 

Some  water  was  encountered,  and  this  was  pumped  from  the 
ttmnsl  at  the  low  points,  as  Station  4  +  10  and  shaft  at  Oak  street, 
by  means  of  a.  steam  siphon  Into  the  completed  sewer.  At  the 
DeWltt  street  shaft  the  water  was  pumped  out  by  a  pulaometer, 
and  In  this  way  the  tunnel  was  kept  comparatively  dry.  In  the 
■ectlon  of  the  tunnel  from  Oak  street  to  DeWltt  street  a  very  hard 
cISLy  rock,  bearing  cypsum,  was  encountered.  whEch  proved  not 
only  hard  to  drill,  but  could  not  be  blasted  out  satisfactorily.  In 
addition  water  ran  continually  from  the  breast  of  the  heading  and 
also  from  the  aides  of  the  tunnel,  making  constant  pumping  necee- 
lary.  The  drillers  were  obliged  to  wear  rubber  suits.  The  rate 
of    prOKTesa   was  about   one-half   as    great   as    In   the   section   from 

4  +  70  to  Oak  street. 

Coel  Data  on  Tunnel  Sevier  ConatrucHon.— Cost  data  on  the  con- 
■tructlon  of  a  greater  portion  of  the  Qrst  section  of  the  sewer 
built  by  the  tunnel  method  are  given  below.  These  costs  are  tor 
B  total  length  of  eewer  of  1.04T  ft.,  that  Is.  for  the  sewer  starting 
Bt  Station  4 +  70  to  within  about  100  fL  of  DeWltt  street  (see 
Fig.  1).  In  these  data  the  cost  of  drilling  per  foot  of  hole  could 
not   well   be   separated   from  picking  and   shoveling   Into   buckets. 

05  aome  men  worked  on  both.  The  drilling  was  all  done  by  hand, 
and  after  a  shot  was  flred  the  drlllera  shoveled  the  muck  and 
trimmed  up  with  picks  Waler  was.  In  general,  taken  care  of  with 
a  steam  siphon  at  one  shaft  and  putsometer  at  other.  Hand  ball- 
ing was  occasionally  resorted  to. 

From  Jan.  IE  to  Feb.  ^S.  in  35  days  of  actual  work,  lit  lln.  ft 
at  tunnel  was  excavated,  or  an  average  of  4. 94  tL  per  day  of  ten 
hours.  The  allowed  excavation  was  45.18  cu.  ft.  per  lineal  foot  of 
tunnel;  consequently  an  average  of  8.2<t  en.  yds.  was  excavated 
«ach  day.  The  material  was  hard  red  clay,  which  worked  well. 
The  work  was  done  by  one  gang  working  ten  hours  per  day.  The 
labor  cost  per  day  was  as  follows: 


™„  ta  ..™.l ... 

-» 

Total. 

"I:!8 

tsi.as 

Per  lln.  ft 

men  on  tap'.'.'. .'.'.','. 

:::::::  i:?! 

■:SS 

K-EO 

Tram  Feb.  SI  to  March  S3,  three  shifts  of  eight  hours  each  per 
day  were  worked  by  the  men  In  the  tunneL  The  actual  number  of 
days  worked  was  30,  and  In  this  time  115  lln.  ft.  of  tunnel  was 
excavated,  an  average  of  S.gt  lln.  ft  per  34  hours,  or  1.S8  lln.  ft 
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per  8-hr.  shift  The  materiai  was  clay  rock  with  Irom  13  Ino.  to 
20  ins.  of  gypBum  in  the  bottom.  This  material  was  very  hard 
and  progrOBa  wom  conaeQuently  slow.  The  labor  coat  per  day  waa 
as  tollowB: 

Per  shift.        Per  day.      Per  lln.  ft. 


::::::': 

tZSi^'r. //--.::::::  Vd 

136.00 

G.0O 
7.00 
S.GO  0.01 


2.00  O.&l 

154.60  (1^2! 

The   t    men   in   the   tunnel   worked   an   8-hr.   shin ;    all   others 
worked  12  houra. 

From  March  iZ  to  April  4,  two  headlnKB  were  worked,  the  men 
In  the  tunnel  working:  In  three  shifts  of  eight  hours  each.  The 
actual  number  of  days  worked  was  13,  and  In  this  time  the  tunnel 
was  advanced  21t  ft,  or  8.31  ft  per  heading  per  24  hours.  At 
the  shaft  heading  at  Oak  street  Che  material  was  a  soft  clay  rock 
which  worked  easily.  In  the  west  heading  the  gypsum  continued 
until  March  14.  when  It  disappeared  entirely. 
The  labor  cost  per  day  was  as  follows; 

Total 
Per  shift.        per  day.      Per  lln.  ft. 
""  "  "  »72.00  M.3S 

12.00  0.T2 


1  tog   line   boy 

S,1EG  lbs.    dynamite.. 


-      EOiflne  oil 34%              17.26  .01 

860  electrical    exploders...     .03{i            SO.IO  .06 

EMOO  f t  a  U.  lumber 16.00              880.00  l.Il 

Total     tl,404.G6  11.78 

nie  total  coat  of  the  tunnel  work  from  Jan.  IS  to  April   4, 
total  progress  of  504  ft  having  been  made,  was  aa  follows: 

Per  day.  Total 

£«bor,   SG  days t  87.2G  t    >G3.Tt 

Labor,  30  days Gt.GO  l.SSG.OO 

lAbor,    13   days 122.E0  1.G92.GO 


Total     

Blacksmith,  lEB  hra,  i 
Materials    
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of  the  men  on  top  and  la  not  s^xu«t«d  from  cost  of  Ubor  of  meo 
on  top.  Men  on  top  alao  made  wedgea  and  asaiated  tbe  sheeter 
In  cutting  frames,  etc.  One  niait  on  top  acted  aa  conductor  on  tbe 
bucket  car. 

Ttie  above  costs  Include  not  only  tbe  excavation,  but  also  the 
sheetloK  of  tbe  tunnel,  and  In  addition  a.  small  amount  of  concrete 
work.      The   coat   of   sheeting    tho   tunnel   was   approximately    aa 

Total       Per  lln.  ft. 

Labor     t    54S  fl.OS 

Timber     830  1.74 

Total     J1.428  fi.SS 

The  labor  coet  on  concrete  amounted  to  about  1110;  deducting 
this  and  the  coat  of  sheeting  from  the  total  cost  (t5,624.S0),  we 
bave  t4. 088.80  aa  the  cost  of  excavating  the  tunnel  The  average 
coat  per  lineal  foot  of  enoavatlon  would  then  be  (8.11.  At  the 
Bllowad  excavation,  4G,18  cu.  ft.  per  lineal  toot,  the  average  coat 
Of  excavation  per  cubic  yard  for  the  Ei}4  ft.  was  (4-87.  The  lat>or 
referred  to  In  the  foregoing  tables  as  "men  on  top"  Included  man 
tending  dump,  conductor  on  bucket  car,  cutting  wedges  and  all 
Incidental  work. 

'  BrU:ku)ork  in  Ftrat  Baotion  of  TunneU — The  aewer  constructloa 
In  the  tunnel  Is  the  same  aa  In  the  open  cut.  or  SJ-ln.  circular, 
2-rlDg  brick,  laid  On  a  cradla  The  allowed  thlckneas  was  9  Ina,  or 
8.2E  cu.  ft.  per  loot  of  sewer.  All  space  below  the  spring  Una 
Is  filled  with  second-class  natural  cement,  mixed  In  a  1 :  8 :  T  pro- 
portion. From  the  vrlng  line  of  the  sewer  to  the  roof  tunnel  the 
space  Is  baclcfllled  with  carefully  rammed  earth.  The  brickwork 
waa  carried  4  ft  from  the  opening  of  the  tunnel,  naklng  GOO  ft. 
of  completed  sewer  for  the  flrat  section. 

The  bricliwork,   backfllllng,   etc.,  for  the   GOO   ft.   of  aewer  were 
completed  In  18  days  of  12  boura  each,  the  cost  being  as  follows: 
Rata  Total.        Per  lln.  ft. 

1  mason    14.60  I  4.50  80.16 

1  mowan 8.00  8.00  .11 

G  men      2.00  10.00  .38 


Rate. 

6,000  brick    87.60 

lis  bbla.    cqnent 1.20 


Grand  total fl,146.TG  82.80 

The  above  work  Included  163  cu.  yda  of  brickwork.  110  cu.  yila 
of  concrete  and  IIO  cu.  yda  of  backfilling.  The  latter  was  done 
by  the  men  who  asaiated  the  bricklayera,  each  G-ft  section  taking 
four  men  about  l\i  boura  The  labor  cost  of  the  backfilling  was 
9113.4a.    The  labor  on  concrete  consisted  ot  about  660  hours'  work 
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at  10  cm  per  honr,  or  |110.  Deducting  them  amoonti  from  tha 
total  of  tltllG'TG.  we  get  fSit.SS  as  the  cost  of  the  brlckwoi^  for 
the  first  eectton  of  aewer. 

On  this  basis  the  cost  per  lineal  foot  was  II.SG,  uid  the  cost  prr 
cubic  rard  of  brickwork  was  H.OJ. 

The  cost  of  the  forms  or  cradles  used  In  construction  of  brick- 
work could  not  be  separated  from  lumber  cost.  The  cost  was  ver7 
slight 

eitatt  at  Oak  Btreat — The  dlmenaiOQa  of  the  abaft  at  Oak  street 
were  10  ft.  X  IS  ft.  on  top ;  the  bottom  measured  S  fl.  x  15  (t. 
The  shaft  was  sunk  to  a  depth  of  iS  tL  The  materials  encountered 
followed  very  closely  those  shown  by  the  test  borings  as  «bown 
in  Fig,  I.  The  shaft  was  divided  Into  three  compartments,  the 
middle  compartment,  used  for  holBtlng  buckets,  being  E  It  In  clear 
and  the  end  compartments  being  3^  ft.  In  clear.  One  end  com- 
partment ivas  used  for  a  ladderway,  the  other  end  compartment 
being  used  for  a  pumpway.  Beech  timber  was  used  and  sets  or 
tramea  were  all  8-ln.  x  8-ln.  timber;  the  sldewalls  were  It  ft. 
long,  braces  6K  ft.  long.  The  lagging  was  2-ln.  beech.  All  of  th» 
drlUlng  on  shafts  and  tunnel  was  done  by  hand. 

A  machine  was  used  at  this  shafl  tor  hoisting  and  disposing  of 
excavated  matter  from  the  tunneL  It  conststod  of  a  platform  car,' 
13  ft.  long  by  8  ft.  wide,  mounted  on  standard  gage  steel  trucks. 
Buckets  were  hoisted  through  a  hole  4  ft  10  Ina  by  6  ft  In  tha 
platform.  Over  this  hole  was  an  iron  angle  frame,  at  the  top  of  ■ 
Which  was  the  hoisting  device  for  raising  and  lowering  the  bucketa 
The  mechanism  Is  similar  to  that  of  the  trenching  machines  pre- 
viously described.  A  4'cyllnder,  4-cycle  gasoline  engine  of  3D  hp. 
furnished  the  power  to  operate  the  hoisting  apparatus  and  to  move 
the  car.  The  engine  acts  through  a  two-way  friction  clutch ;  one 
way  throws  In  a  single  drum  and  operates  the  cable  which  hoists 
or  lowers  the  buckets :  the  other  way  throws  gears  connected  to  a 
sprocket  on  the  car  wheel,  causing  the  car  to  move  forward  or 
backward,  the  direction  being  controlled  by  a  marine  reversing 
device.  The  bucket  operator  stands  between  the  bucket  opening 
and  one  end  of  the  car.  The  engine  and  drum  are  at  the  other 
end  of  the  car  and  the  engineer  Is  stationed  near  the  opening, 
where  he  can  operate  levers  and  at  the  same  time  have  a  dear  view 
of  tha  shaft  below.  The  machine  was  designed  and  built  by  tha 
contractor  for  the  work. 

In  sinking  the  shaft,  red  clay  was  encountered  to  within  16  ft 
of  the  bottom,  when  some  boulders  were  reached,  and  in  the 
bottom  was  S  ft  of  clay  rock.  The  shaft  was  sunk  In  14  days  of 
ID  hours  each,  the  cost  being  as  fallows; 

Rate.  Total.        Per  lln  ft 

T  men   In   ritaft    M-OO  (1400  is.sg 

4  men  on  top  l.Te  7.00  i.l* 

g  teams     4.00  B.OO  l.M 

1  engineer    I.T5  l.TG  At 

1  tag   line   boy l.«  LIB  M 

Total    fii.00  I7.TS 


SEWERS,  CONDUITS  AND  DRAINS.  877 

Material 

Bau.  ToUL  Per  Un.  It 

ISO    lbs.    dmamita t0.14  (lE.OD              lO.ftO 

IDO   «lectTlcal   exploden 3.Ba  1.G0                .OS 

4  too*  cool   S.BO  l*.aO                .14 

Tot&l     f  tLGO              «0.>0 

KbU.  Tot*L  PerUiLfL 

Hatartel    fSl-SO            t»-»0 


. .  IQ.S6 

,.    ,_    SS.00  

11,100  f t.  B.  H.  lumbar K.OO  30B.BO 


14    <la,yu.   labor IS-OD  44S.0D 


Total,    E6    ft.,    at    fl4.07 fSlS.SO  fl4.0T 

Tbe  manhole  la  the  Oak  atreet  abaft  was  E  ft.  Inatda  diameter 
wltb  a  1-ft.  wall  of  brickwork  to  within  30  ft.  of  the  nirface,  where 
It  wa«  reduced  to  a  1-in.  wall,  and  E  ft  from  the  surface  waa 
drawn  In  from  G  ft.  diameter  to  2  ft.  to  allow  for  an  Iron  cover. 
Around  tbe  Mwer  the  alie  of  the  maohole  and  aa  far  up  as  tha 
mpiiatiUM  was  toUd  brickwork  to  innire  a  aolld  foundation  for  tta« 


Flrat-clasB  Portland  cement  concrete  was  UMd  aa  backHIllns 
around  the  manhole  (or  the  full  dlmenaioDa  of  the  Aaft  from  the 
■prfngUne  of  the  sewer  to  the  top  of  the  nonnal  tumiel  excavation : 
from  this  point  to  the  surface  the  backflUing  In  tbe  abaft  was  earth. 
-Tbe  tlmberlnK  In  both  shaft  and  tnnnel  was  allowed  to  remain 
In   place   permanently. 

The  cost.  IncludlnK  labor  on  brickwork,  backfllllnsr,  tending 
maaone  and  all    Incidental  work.   Was  aa  fotk>ws: 

Rate.  TotaL 

1  mason     14.60  f  4. SO 

1  mason     8.00  1,00 

fi  men    1.7S  g.TG 

Per  day  of  ten  hours |ie.2E 

Aate.  Total. 

6    mm    I1.7S  18.76 

Rate.  Total. 

t  8/G  daya   tlS.2G  171.(0 

m    days    S.TG  13.13 

Total    tabor    184.88 

JrotarloJ. 

Bate.  Total. 

IB.GOO  brick     t  7.E0  |14fi.2e 

70  Iron    atepa     08  G.SO 

1  Iron  cover  lO.SO  10.00 

S4  bbia   cement    1.70  40.80 

It  cu.    yda    gravel l.tE  2S.TS 

Total  material    1238.40 


I^bor t  84.01 

Material     226.40 

Total    ISll.OS 
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The  measured  work  eompleta  was  37  cu.  jAm.  brickwork,  10  cu. 
yda.  concrete,  6G  cu.  yds.   backfillinK. 

BHaFt  at  De  Witt  Blreet.—'nia  dlmenilona  of  the  ahaft  at  r>e  Witt 
Btreet  were  9  ft.  by  IS  fL  The  ahalt  wu  sunk  to  a  depth  ol  SBH 
ft.  through  red  clay  mixed  with  a  tew  boulders,  and  4  ft  ol  clay 
rock  at  the  bottom.  The  ahatt  wan  sunk  In  seven  daya  of  ten  bour* 
each,  the  coat  being  as  IoUowb: 

Bate;  Total.  F«r  Iln.  n. 

S  men  In  shaft fS-OO  112.00            fS.SI 

2  men    on    top 1.1G  t.GO                .IT 

1  foreman     2.00  2.00                  .38 

IitIo  ts.si 

T    days     IIT.EO  tltiXO  tS.lB 

Engineer,   S   daya 1.7G  8.TB  .14 

Sheetar.    S    days 1.00  IS.OO  .41 

21    hours,    blacksmith ZG  G.2G  .14 

Total     flGLGO  jtLIG 

Material 

110  tba    dynamite fO.ll  111.20  |0.1t 

00  electric    exploders I.OD  1.7G  ,01 

Z  toni    coal    3.G0  T.OO  .ZO 

lO.SOO   (L    B.  M.   lumber 16.00  1(8.00  4. BO 

llSa.lG  (G.10 

Summarv. 

TotaL  Ferlln.tt. 

Labor     f  lGl.tO  tl.lG 

Material     189.06  G.ZO 

Total,    SS'A     fL,    at    tB.35 fB41.4G  tO.lE 

CotI  Data  on  Second  Btcllon  of  Tunnal — The  second  section  of 
the  tunnel,  from  Oak  street  to  De  Witt  street,  G43  fL,  was  driven 
in  139  days'  labor  ot  24  hours  each.  The  average  progreaa  was 
about  3.9  ft.  per  day,  or  1.3  ft.  per  shift  ot  eight  hours. 

The  material  from  entrance  (Slatlon  O  +  gg)  to  Station  10  +  11 
was  clay  rock,  which  broke  up  easily,  but  from  this  point  to  Sta- 
tion 15  the  material  was  a  hard  clay  rock  bearing  gypsum,  much 
of  which  was  of  a  tllnty  nature  and  very  dinicult  to  handle.  An- 
other disagreeable  feature  of  this  soollon  was  the  large  amount  of 
water  encounlered.  which  was  continuous  from  Station  10  +  GO  to 
Station  16.  Hen  were  obliged  to  wear  rubbo'  suits  and  pumping 
and  balling  were  constantly  necessary. 
The  cost  of  the  work  was  as  follows: 

P«r  shift  Per  dsr.  Per  Un.  ft- 

4  men    In   tunnel fZ.OO  tZ4.00            fO.lS 

1  sheeter    3.00  6.00              1.G4 

5  men    on    top 1.7B  lO.BO                l.«9 

1  engineer     1.7G  S.GO                  .10 

Total    844.00  ttl.SS 
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Labor  fContinued). 

I3»  daya    f44.oo       te.llS.DO  111.18 

77  dar>  extm  men  bolllns-  -     2.00            154.00  .26 

62  days    blacksmith l.TB              IDS.EO  .20 

Si  days  waterboy   1.00              62.00  .11 

Grand  total  for  labor tM40.G0  fll.e? 

ifotertab. 

Bate;  Total  W  lln.  tt. 

400  lbs.  dynamite   t  0.14  f  GO-OO  |0.I0 

94B  Iba    dynamlto    12. CD  113.40  .21 

S43  exploders a.&O  2S.5U  .OS 

280  sala.    oUve    oil 4&  128.00  .28 

El  sals,   engine  oil    (bbl.; . .         .S4U  IT.GO  .03 

36  tons  cmQ 3.60  132.b0  .22 

i4««.00  tO.S4 

G98.40  tl.lO 

Summary. 

Total.  Per  Un.  IL 

Latrar     f  S,440.&0  tll.B7 

Material     406,00  .84 

Lumber     598.40  1,10 

Total.  543  tt.  of  tunnel  at  tl3.82.  .37,504.90  313.81 

As  In  the  case  of  the  first  section  the  above  figures  Include  the 
coat  of  sheeting  and  a  small  amount  at  concrete. 

The  cost  of  the  material  for  the  sheeting  was  3598.40,  and  the 
labor  cost  was  approximately  as  follows : 

«9fi  hours,  at  2G  eta 3173. 7G 

1,300  houra.  at   17  W    ctB. 248.2G 

Total     I417.O0 

Total       Per  Un.  It. 

Lumber     3    598.40  3110 

Labor     417.00  .77 

Total    31.016.40  31.87 

The  cost  of  the  labor  on  concrete  was  approximately  1149.50; 
deducting  this  sum  and  the  cost  of  sheeting  from  tbe  total  of 
S7,G04.90,  and  we  get  36,310  as  the  cost  of  excavating  the  second 
section  o(  the  sewer.  As  the  second  section  of  the  tunnel  was  G43 
fL  long,  (he  actual  average  cost  per  lineal  foot  was  311,67;  the 
average  cost  per  cubic  yard  of  excavation  was  (7.00. 
Coal  of  TMrd  Section  of  Tunnel. 
Section  3  of  the  tunnel,  from  Station  15  +  45.60  to  21  +  50,  or 
605  ft,  was  driven  In  96  days  of  24  hours  each,  or  6.36  It.  per  24 
hours.  Work  on  Section  3  began  on  Aug.  22,  with  gang  working 
east.  On  Oct, '  8.  another  Bhalt  wan  opened  and  gang  started  west 
(rom  shaft  No,  3,  The  two  headings  met  on  Nov.  2.  The  laborers 
In  tunnel,  and  sheeters,  worked  In  8-hr.  shifts,  and  engineers  and 
men  on  top  were  on  duty  12  hours  The  material  was  clay  rock, 
not  bard,  and  therefore  easily  handled.     In  this  section  the  engi- 
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ei  attended  to  blacknttlthtng,  so  there  wu  no  CbkTKe  asalnat 
M  Item. 

Labor  Coat. 

Kate.  TotaL       FarlliLtt. 

SSE  daya.  labor  In  tunnel 4^.00         H.TIO.DO  #1.84 

iU  dayi,  Bheetsra  In  tunnel l.DO            SfiS.OO  L41 

ISO  daya.  enclneers 2.00              SBO.OO  .6> 

ISe  doya,   labor   on    top 1.7S            49B.7S  .81 

Total     f  l,4<a.IG  81.78 

From  allowed  ezcaratlon,  the  ooM  U  13.41  p«r  ou.  7<L 
MtUeriat. 

11  tona  coal,  at  t3.3G  ton |  <g.2G  80.11 

l,t«G  Iba  dynamite,  at  ttl.50  cwt. 1)1.48  ,t^ 

701  capa,    at    ta&O t6.<7  .«4 

1»0  8b.Tb.  olive  oil,  at  fO.SS 71.30  .IIU 

£0  gala  engine  oil.  at  10.48 B.tO  .01)1 

3      moa    telephone,    at    8i'00 8,00  ,01 

BS.OSZ  ft   B.  M.   lumber,  at  814.00  H...   44t.G4  .71 

Total    t81E.T4  itu 

From   allowed   excavation,    coat   la    fO.SO   per   eu.   yd. 

lAbor     88,440.78  '  86.78 

Material    81E.74  1.38 

Total    81,1m'4S  87.08 

8«tttoff  CraaU  and  Plaotng   Conerttt. 

Rate.  Total.        Per  im.  ft. 

»9  daya,   labor  In  tunnel tS.OG           8182.00  80.11 

14  days,    engineer 1.00                 48.00  .08 

48  daya,    labor    on    top 1.7E                 84.00  ^14 

8824.00  |0.fiS 
Material. 

240  cu.  yds.  KTSTel ll.IO            tt<4.00  10.41 

104  bblB.   cement    98              100.80  .18 

1,818  ft    B.     H.     lumber    tor 

cradlea    20.00              68.86  .08 

8811.48  80.U 

anwd   total    «84E.<«  iLt? 

BHektPork  and  BaekitlUng  Over  aewer. 

Rata  TotaL        F«r  lln.  It 

2>  daya,  maaon  In  tunnel. ..81.80           f  77.00  10.11 

21  days,  mason  In  tunnel. . .  8.00              68.00  .11 

181  days,   labor  In  tunnel..,.  2.00            2(4.00  .41 

24  daya  englneeT  on  top....  2.B0              48.00  ,0S 

72  days,  labor  on  top 1.7E            12E.00  JI        > 

fEgi.00  io!si 

Ualerlat. 

81,000  brick     tT.EO            |*>0.00  '  tl.ll 

IID  vda    sand    1.10            121.00  .» 

ISO  bbia    cement    98            178.40  .88 

Total     f987!40  11.81 

Grand  total    |l,E«g.40  uJt 
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Tho  labor  on  top  under  "Betttng  onuUea  and  placInK  concrete" 
WMM  (or  lowering  cradlea,  mlilns  concrete  and  lowering  sune. 

The  labor  on  top  under  "brickworb^  was  for  lowering  brick  and 
mixing  and  lowering  mortar. 

The  work  la  being  done  by  contract  under  tbe  direction  i>f 
Henry  B.  Brewster,  Asatstant  City  Bngineer,  to  wbom  we  are  In- 
debted for  tbe  above  InformatlOD. 

Ceet  of  a  Sewer  Tunnel  at  Chicago,  Ualng  a  Hydraulic  Shield.— 
The  following  data  were  published  In  Etitfineering-ContTtmUna,  Feb, 
6,   IBOI.. 

The  Lawrence  avenue  conduit  of  the  new  Intercepting  aewer  aya- 
Uaa  of  Chicago,  IIL,  la  tunnel  work  through  clay.  The  completed 
conduit  will  be  IS  ft,  Inelde  diameter,  lined  with  1S2  Ina  of  brlok- 
work  in  four  ringa,  backed  by  a  ring  of  lolld  timbering  8  ina.  thick. 
The  bore  belns  made  by  the  ebielda  la,  thua,  20  ft  In  diameter, 
From  I^ke  Ulchigan  to  the  Chicago  River  the  conduit  la  8,220  ft. 
long  and  there  Is,  in  addition,  an  Intake  tunnel  for  Quahing  water 
extending  out  under  the  lake.  Tbla  article  refere  only  to  the  land 
portion  of  tbe  conduit,  which  la  being  built  by  U.  H.  McQovem, 
Contractor,  at  a  contract  price  of  f7B.E0  per  lineal  foot. 

The  conduit  la  being  constructed  by  driving  two  ahlelda  In  oppo- 
■Ite  dlrectlona  from  a  central  ahaft.  about  the  top  of  which  are 
located  the  contractor'a  power  house,  ahop^  aawmlll,  atorage  yards 
and  the  spoil  bonk.  The  shield  work  is  unuaual  In  the  fact  that  a 
doee  lining  of  timber  segments  Is  used  to  keep  the  clay  In  place 
and  to  take  the  thrust  of  the  Jacks  used  to  advance  the  shields. 
This  timbering  la  deacribed  fully  'n  a  aucceedlng  paragraph,  but 
It  Is  Important  to  note  here  Uiat  it  aerves  Its  purpose  admirably, 
being  neither  crushed  nor  distorted  by  the  preasure  of  the  Jacks. 

jSM«(d  Conttruetion  and  OperaOon. — Fig.  B  la  a  diagram  longi- 
tudinal section  of  the  shield  and  tunnel  lining  and  Fig.  10  ta  an  en- 
larged detail  of  tbe  cutting  edge  of  the  ahleld.  The  structural 
features  and  the  principal  dimensions  of  the  shields  are  given 
clearly  by  these  Illustrations.  Siacb  shield  la  operated  by  21 
hydraulic  Jacks  of  tO  tons  capacity  and  good  for  8,000  Iba  pres- 
sure. These  Jacks  ars  of  the  Watson-StlUman  tyi>e  with  S-ln. 
barrels  and  B.TB-ln.  plungera  They  are  operated  with  S,GOO  lbs. 
per  an.  in.  working  pressure  and  I,0O0  Iba  per  en-  In.  release  pres- 
sure.   Kach  shield  weighs  about  8  tons  and  coat  18,000. 

Etcavation. — The  tunnel  la  through  Clay  which  holda  a  nearly 
vertical  working  lace  and  becomes  quite  hard  In  places.  This  clay 
la  excavated  principally  by  means  of  draw  knlvea  of  the  form  illus- 
trated tiy  the  aketchea  In  Fig,  11  and  the  photosraphlc  view.  Fig. 
12.  The  knives  are  operated  like  a  draw  diave  for  working  wood- 
When  the  clay  ia  soft,  two  men  operate  the  knife,  one  grasping 
each  handle,  but,  when  the  clay  ia  hard,  a  third  man  la  employed, 
who  also  takes  hold  and  bears  down,  A  atrip  of  clay  neariy  E  ft. 
long  IS  shaved  off  with  eaob  stroke  of  the  knife  and  la  passed  to  a 
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third  man.  who  rolls  It  up  and  casts  it  over  his  ahouMer  to  the 
muckers  behind. 

The  draw  knives,  made  by  the  contractor's  blacksmith,  are  of 
T/S2  X  lU-ln.  sprlnft  steel  self-annealed  in  air.  Two  forms  of  knife 
■kre  used,  one  for  soft  and  one  for  hard  clay ;  the  dllference  In 
form  la  In  the  angle  which  the  cutting  edge  makes  with  the 
handle,  this  sngie  being  4G*  for  soft  clay  and  20'  for  hard  clay. 
The  blades  wear  down  to  a  width  of  about  K~ln-  ind  then  break 
at  the  center.  Other  details  and  dlmenalons  are  given  by  Uie 
•ketches,  Fig.  II. 

Work  is  carried  an  continuously  In  8-hr.  Bhtfts,  the  asual  ar- 
rangemoit  being  to  operate  three  shifts  of  miners  in  onA  drift  and 


Fig.  ». 

two  shifts  of  miner*  and  one  shift  of  ti 

masons'  shift  working  the   two  drifts  alternately,     ^lacb  ahlll  of 

miners  is  mode  up  as  follows: 

Per  shifL  Pbt  ti  hra 

1  foreman,   at    t^ t     5.00  I  iKnn 

14  miners,    at    J3.T6 62.B0 

1 2  muckers,     at    )3.2S 39.00 

2  valvamen,   at    f3.a0 7.00 

4  tlmbermen,    at    13.^0 14.00  IS. 

2  Btrltchmen,    at    ti 4.00  12. 

5  drivers,    at    |i.2K..  

Totala     (128.26  t3«l.TE 

This  crew  Is  divided  between  the  two  drifts  and  has  averaged 
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7  11b.  ft.  ot  excavation  p«r  shift  In  each  drift,  or  14  ft  per  shift  In 
both  drifts.  The  tiore  being  20  fL  In  diameter,  there  are  11.63 
CU.  yda.  of  excavation  per  ilnea!  foot  of  tunnel  Therefore 
H  X  11-63  =  163  CU.  yda  of  material  are  taken  out  every  S  hours  at 
a  labor  cost  for  mining,  mucking.  Umbering  and  haulage  In  tunnel 
of  H2S.25,  or  79  cts.  ner  cu.  yd. 

Tlmberina. — The  tliobertng  conelatB  of  a  solid  lining  S  Ins.  thick 
composed  of  rings  of  4-tL  segments  laid  close.  This  timbering  Is 
placed  by  tlie  mining  gangs  inside  the  tall  of  the  shield,  and  as  fast 
OB  the  shield  sdvancea  The  segments  are  prepared  In  the  con- 
tractor's sawmill  by  a  separate  gang  working  one  S-hr,  shift  per 
day.  Since  about  496  ft  B,  M.  of  lumber  Is  required  for  timbering 
each  Uneal  foot  of  tunnel,  the  mlllwork  Is  an  Important  detail 

The  timber  used  for  the  lining  Is  rough  hemlock,  costing  fig  per 
U.  ft-  B.  U.  It  Is  delivered  to  the  work  In  8  x  S-ln.  pieces  about 
12  it  long  and  le  then  sawed  Into  segments  4  ft  long,  6  Ins.  wide 
and  8  Inn.  deep ;  each  segment  has  Its  ends  cut  to  true  radial  planes 
and  Its  back  to  a  true  circular  arc.  The  machines  for  this  work 
are  Installed  In  a  building  at  the  contractor's  plant,  and  consist  of 


Fig.   10. — Cutting  Edge  of  Shield. 

a  circular  saw,  a  band  saw,  a  band  saw  sharpener  and  minor  tool* 
The  circular  saw  Is  fitted  with  a  table  which  swings  with  Just  the 
proper  angle  with  respect  to  the  saw  to  give  the  ends  ot  the  seg- 
ments the  correct  bevel.  The  band  saw  cuts  the  back  of  the  seg- 
mmt  to  the  true  circular  bjc  and  Is  fitted  with  a  table  which  swings 
on  the  proper  curve  to  effect  this.  In  operation  the  6  x  8-in.  pieces 
are  brought  to  the  rear  of  the  building  and  slid  endwise  through  a 
Window  directly  onto  the  table  of  the  cutUng-oft  saw. 

The  uwyer  first  takes  oft  a  crop  end  to  get  the  proper  bevel ; 
he  then  turns  the  stick  halt-way  over,  shoves  It  along  the  table 
nntU  the  end  comes  against  the  stop  and  cuts  it  oft.  The  stick  is 
then  turned  again,  pushed  ahead  against  the  stop  and  cut  off. 
These  operations  are  repeated  for  the  third  segment  As  the  seg- 
ments are  sawed  otF  they  are  piled  up  by  the  side  of  the  band  saw. 
The  band  sawyer  takes  the  pieces  one  at  a,  time,  adjusts  them  on 
the  swinging  table  and  cuts  their  backs  to  the  desired  arcs,  and 
they  are  ready  to  go  to  the  work.  Bach  sawyer  has  one  helper. 
and  there  are  two  other  laborers  to  bring  the  sticks  to  the  mill 
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and  pass  them  to  the  cuttiDK-off  hlw.    The  aawmlll  force  works  oca 

g-br.  ahlft  p«r  Oay,  and  ia  orgaiiiied  aa  followa: 

PerAUt 

1  flreman,  at  fS S  S.OO 

1  englaeer,  at  fS G-OO 

S  Hawyera,  at  fS.EO T.OO 

i  latwrers,   at   (S.OO    IS.OO 

Total    t3«-0» 

Thl^  sawmill  gang  toma  out  all  the  aeKnumta  DeceMarr  to  keep 
the  work  going  In  both  drltta  The  aversKo  advajice  of  each  drift 
Is  21  ft  per  dar,  and  there  being  48S  ft.  B.  M.  ot  timber  per  Uneal 
foot  of  Unlng,  this  gang  tuma  out  49E  X  11  =  20,790  ft.  B.  U.  ot 
finlsbed  eegmenta  at  a  labor  coat  for  aawing  of  129,  or  about  fl.44 
per  thouaand  feeL 
Ltntng—The   It-ia.  hrlck   lining  luaido  the  Umbering  la  ptecaS 


by  a  separate  mason  gang.     It  amounta  to  3.12  cu.  yda.  oC  brltdfr- 
work  per  lineal  foot    The  maaon  gang  la  organlced  aa  followa; 
Pertfilft. 

7  mosonB,   at   (9 1   63.00 

n  helpers,    at    S2.75 41.75 

10  laborera,  at  12.60 lE.OO 

2  drlvera,   at   t2.2E 1.50 

Total    |139.tS 

The  mason  gang  lays  SO  Itn.  tt  or  61.4  cu.  yda  of  lining  per 
ahltt  at  a  coat  tor  labor  and  haulage  In  tunnel  of  (2.04  per  en.  yd., 
or  t4.9S  per  lineal  foot 

Baulage. — The  muck  ta  hauled  from  the  working  facea  to  the 
•haft  tn  tunnel  and  from  the  tfiaft  top  to  the  spoil  bonk  on  aur- 
foce  In  cara  drawn  by  mulea.  The  aome  cara  are  taken  back  load- 
ed with  brick,  lining  aegments  or  other  materials,  ao  that  they  run 
loaded  both  w^a.  tn  the  tunnel  the  hauling  Is  done  by  the  mining 
and  tbe  maaon  gangr'uut  a  aeparate  lift  gang  handles  the  cara  on 
the  eterator,  and ''.u  another-gang  haula  them  ftom  the  Aaft  (<« 
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to  tlw  vol!   bank.     This  spoil   bank   Is  located  about  a  hundred 

yarCU  from  tbe  abaft  top,  dnce  tbe  clay  !■  betng  aaved  for  «HJe.  it 

befnlC  of  a  kind  particularlr  suited  lor  certain  burnt  clay  products. 

Tbe  !ltt  gang  works  tbre*  S-hr.  sblfta  per  dar,  smd  Is  organUed 

Per  shift         P«r  14  hrs. 

S  casemen,    at    fs 11.00  US.OO 

4  laborers,    at   12.50 10.00  30.00 

Total     *1S.00  MS.0O 

The   dump   sane  works  three   8-lir.   sbUt  and  la  organlied   aa 
Mlowa: 

Per  shift  Per  U  bra. 

1  boltting  engineer,  at  |6 f  S.OQ  f  15.00 

1  Qreman.    at    t* 4.00  12.00 

IS  laborers,    at    12.76 44.D0  132.00 

S  drivers,   at    12.25 4.50  13.50 

Totals    »67.B0  flTS.SO 

From  these  figures  we  can  moke  an  approximation  of  tbe  cost  of 
hoisting  and  dumping.     Considering  tbe  ooM  of  hoisting  Bret,  It  Is 


Fig.   12. — Etrair  Knife. 

to  be  noted  that  this  Is  divided  between  the  work  of  hoisting  tba 
muck  and  of  lowering  the  brick,  timber  and  mortar  materiala  We 
will,  therefore,  estimate  the  total  cost  of  hoisting  per  day,  and 
prorate  this  sunt  between  the  two,  Aasuming  that  one-half  tbe  Are- 
man's  wages  and  one-fourth  the  coal  consumption  are  chargeable 
to  hoisting,  we  have  the  following  figures : 

>  eagenien,  at  13  per  shift fiSM 

I  laborers,  at  I2.E0  per  shift.. 


1  hoisting   engineer,   at    tG   per   shift IE. 

U   fireman,  at  fS.GO  per  shift 5. 

(  tons  coal,  at   t>   per   ton IE. 


.00 
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flsura  the  welglit  of  muck  hulated  aad  the  weight  of  materiala  low- 
ered per  llneai  foot  of  tunnei  aa  tollowe: 

11.E3  cu.  yds.  muck,  at  3,000  lbs.  per  cu.  yd.. .17.16  tone. 
Aa  42  lln.   fL  of  tunnel  are  excavated  eacn  24  houra,   the  wetgbt 
of  muck  hoisted   during   that   time  Is  733   tons.     Turning  now  to 
the  m&terlaJe  lowered,  we  have: 

O.Sl  cu.  yds  Band,  at  E,TOI)  Iba.  per  cu.  j± 1.23 

<1.3  cu.  lit  Umber,  at  86  Iba.  per  cu.  ft. 0.T2 

MBO  bricks,  at  4^  lbs.  per  brick S.Tl 

Total    wel^t   of    materials G.66 

This  total  multiplied  by  «S  ft.  slvee  23S  tana  of  materials  low- 
ered every  24  hours.  The  total  tomiage  of  material  handled  le, 
therefore,  971  tons  at  a  cost  of  8.5T  cts,  per  ton.  of  which  about 
one-third,  or  2.8.  cts.,  are  chargeable  to  lowering  materials  and 
two-thlrda,  or  5.88  eta,  are  chargeable  to  holatlng  muck.  The  total 
yardage  of.  muck  holnted  every  24  hours  Is  11.83  X  i3  —  489  cu.  yds. 
The  estimated  cost  of  operating  the  hoist  for  24  hours  being  tSI.SS, 
we  have  [t83.2E -^  4S3)  ft  =  ll<4  eta  per  cu.  yd.  as  the  cost  on 
the  above  assumptions   of  hoisting   the  muck. 

The  cost  of  dumping  per  24  hours  a^  given  above  Is  (172.60,  and 
a  part  of  this  Is  chargeable  to  loading  materials  and  hauling  them 
to  the  Bhalt  head.  It  la  probably  fair  to  aaauine  that  at  least  two- 
thirda  of  the  total  cost  Is  chargeable  to  hauling  and  dumping  muck. 
As  4S9  cu.  yda.  of  muck  are  hauled  and  dumped  each  24  hours,  we 
have  (tlTi,E0-:-483)  %  =  it.i  cts.  as  the  cost  per  cu.  yd.  on  Um 
above  assumptlona 

Plant. — The  contractor'a  plant  ts  housed  In  wooden  building* 
grouped  around  the  bead  of  the  ehaft  ajid  comprises  the  following 
machinery;  Power  plant:  two  IDD  iLp.  hollers,  one  dynamo  and 
dynamo  engine,  20  h.p. ;  one  Utt ;  one  emery  wheel :  one  100  h.p. 
air  compresBor ;  one  positive  blojrer  and  10  h.p.  blower  engine ; 
two  60  h.p,  hydraulic  pressure  IHimps.  aiid  one  40  h.p,  cafce  holatlng 
engine.  Sawmill :  one  GO  h.p,  boiler,  one  SO  h.p.  engine,  and  the 
saws,  etc.,  previously  Itemlaed.  On  the  dump:  one  16  h.p.  hoisting 
engine  boiler.  The  estimated  first  coat  of  this  plant  Is  110,400. 
About  20  tons  of  coal  per  day  (24  hrs.)  at  a  coat  of  13  per  ton  are 
required  to  operate  It.  The  plant  gang  works  three  S-hour  shifts 
and  each  shift  Is  made  up  of: 


hoisting  engineer    at 

I47.T6 

tl4S.16 
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Ogle*  J'are*.— The  ofllce  force  coniliU  of  sersn  men  and  lU  work 
la  divided  Into  two  12-tiour  BhUts.     It  Is  made  up  of : 

Per  month. 

1  B^aerai  manager,  at  1400 1133.00 

3  Euperlntendenti;    at    (IGO SOO.OO 

2  timekeepers,  at  t7S 150.00 

1  receiving  clerk,  Rt  »76 76.00 

1  bookkeeper,   at   (76 TG.OO 

Total     (733.00 

The  general  manager  baa  charse  of  several  Jobs  and  about  one- 
third  of  his  time  1h  cbargaable  to  the  work  beliig  described.  Dl- 
vldlnx  the  total  wages  by  30,  we  set  124.13  as  the  labor  cost  of 
the  olllce  force  per  day. 

Bammart)  of  Coata. — The  daily  coat  of  labor,  summarlaed  trom 
the  above  ngures,  Is  as  follows : 

Olllce   force    I  14. SS 

Dump   gang    1T3.B0 

Utt    gang     48.00 

Hason   gang    139.26 

Sawmill   gang   20.00 

Drift  gang    384.7B 

PlBDt    gang    143.26 

Lock   tender    9.00 

Total (9(0.08 

The  cost  of  lumber  aa  given  above  la  (18  per  H  ft.  6.  H.,  and 
the  coHt  of  coal  Is  (3  per  ton.  Estimating  the  cost  of  brick  at  (9 
per  thousand,  of  cement  at  (1.60  per  t>arrel  and  sand  at  (1  per 
cu.  yd.,  wa  get  the  following  as  the  coat  per  lineal  foot  of  the 
conduit  exclusive  of  Intereat  and  depreciation  on  plant: 

Per  I  In.  ft. 

49E  ft  a  H.  of  timber,  at  (IS (  S.Si 

0,48  ton   coal,    at   (3 1.44 

1,6B0  bricks,  at  (9  per  M 14. 8G 

1,38  barrels  cement,  at  (1.60 S.DT 

0.91  ca   yd.   sand,  at   (1 0.91 

I^bor.    (960.08   per  day 2S.68 


This  does  not  Include  the  cost  of  sinking  the  shaft,  nor  does  II 
include  plant  Interest,   depreciation  and   repaira 

Coat  or  a  IV/a-n.  Sewer  Tunnel  at  Cleveland,  Using  a  Hydraulic 
Shield.* — The  method  of  building  large  ecrwera  by  tunneling  Is  be- 
coming Increasingly  popular,  not  only  because  It  la  usually  cheaper 
than  open  cut  work  In  soft  ground,  but  because  there  la  no  obatruc- 
tlon  of  streets  and  no  settlement  of  buildings  adjacent  to  the 
aewer.  Unfortunately,  however,  the  use  of  a  hydraulic  shield  la 
little  understood  by  most  contractora,  and  leaa  Is  known  about  the 
actual  coat  of  such  work.  We  believe  the  fallowing  data  are  the 
first  itemlaed  coats  of  shield  work  that  have  appeared  In  the  tech- 
nical press;  and,  while  a  few  of  the  Items  are  probably  not  abso- 
lutely correct,  the  data  are  reliable  In  the  main,  and  serve  to  give 


1 
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a  Terr  doM  BsUmate  of  tba  cost  of  altnllar  work.  BafoM  gtrinc 
ttie  Ogurea  of  cost,  a,  irord  as  to  the  conditions : 

Moat  of  the  main  Interoeptlns  aewer  of  dereUnd,  (Kilo,  wu 
bttllt  In  open  cut,  the  top  width  o(  (ranch  behis  SO  ft  and  tlw  depth 
aTAragliis  10  ft.  Two  aeta  of  Wakefield  sheet  plllnr  were  re- 
quired, the  upper  set  being  18  (t  lonK.  The  sheet  piling  waa  well 
dHven.  but  In  paastng  certain  brtck  bulldlnn^  enough  qulekaand 
leaked  tinder  the  sheeting  to  cause  a  setUement  of  Um  buUdlnga, 
and  reaultlng  cra<:klng  of  the  walls.  The  trench  waa  through  dry 
aand.  wet  sand,  qulcluand,  and  clar  and  Mind  mixed.  As  a  result 
at  the  damage  to  ooe  building  it  was  decided  to  build  the  remalader 
of  the  sewer  by  the  tunnel  method.  The  contract  price  for  tbe 
lIH-ft.  sewer  In  open  cut  (14  ft.  deep)  had  been  |T1  per  lln.  f t 
The  contractor  agreed  reluctantly  to  undertake  the  building  of  the 
•ewer  by  the  tunnel  method  for  fSO  per  lln,  ft.,  and,  as  we  shall 
•ee,  made  a  good  proflt  at  thla  price.  The  tunnel  work  proceeded 
day  and  night  at  a  rate  of  IfiO  ft.  a  month,  aa  compared  with  ItG 
ft  per  month  when  the  open  cut  method  waa  uaad.  One  odTaatage 
of  the  tunnel  work  Is  that  It  can  be  carried  on  conUnuouriy,  day 
and  night  and  there  li  no  Interruption  on  account  of  bad  weather. 
Horeover.  It  requires  fewer  laborers  than  the  open  cut  method, 
under  the  conditions  above  stated. 

The  secret  of  the  modem  suooeas  In  driving  tunnels  through 
quicksand  and  other  soft  materials  lies  In  the  use  of  tbe  hydraulic 
shield.  A  shield  Is  a  section  of  steel  tubc^  open  at  both  ends.  The 
forward  end  Is  provided  with  cutting  edge%  and,  in  very  soft 
materlala  it  la  provided  with  trap  doors  through  which  the  mate- 
rial is  excavated.  The  shield  la  shoved  forward  about  1  ft  at  a 
time,  by  means  of  hydraulic  Jacks ;  and  tbe  tunnel  llnlns  Is  built 
up  inside  the  rear  part  of  the  shield,  ready  for  the  next  shove.  In 
this  particular  case  a  brick  lining  was  used,  and  the  hydraulic 
Jacks  bore  against  blocks  of  wood  laid  on  thla  lining  when  shoving 
tbe  shield  ahead.  Where  the  ground  la  so  porous  that  the  water 
flows  In  taster  than  It  can  be  pumped  out,  the  tunnel  la  kept  full 
of  compressed  air.  The  pressure  of  tbe  air  depends  entirely  upon 
the  pressure  of  tbe  outside  water  at  the  face  of  the  ehleld.  In 
this  particular  work  an  air  pressura  of  5  Iba  per  sq.  in.  waa 
ordinarily  suOlclent,  although  In  a  few  soft  spots  a  preaaure  of  9 
Iba  woB  used.  With  such  low  presaurea  aa  theae  there  la  no  danger 
that  the  men  will  get  the  "benda"  And  thera  la  no  danger  of 
"blDwouta"  at  the  face  of  the  shield  where  the  air  pressure  la  ll^t. 
and  the  covering  of  earth  over  the  shield  has  a  fair  thickneaa  In 
a  word,  this  sort  of  aewer  tunneling  by  the  shield  method  Is  not 
at  all  hazardous ;  and,  It  Is  surprlslnir.  Indeed,  to  note  bow  few 
contractora  have  had  the  courage  to  try  It  Perhaps  ths  stories  of 
the  duneultles  encountered  In  driving  tunnels  under  rivers  (which 
Is  a  wholly  dicrerant  matter)  hare  SMTed  to  frighten  eontr«ctor« 
and  engineers  generally. 

Regarding  keeping  the  shield  to  line  and  grade,  no  dUBcnlty  need 
be   experienced   In   aewer  work   of  this  c~ 
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mark  In  the  earth  at  the  face  of  the  ohleld.  It  ia  eoaj  to  see  whether 
the  dileld  la  movlUK  in  »  atralght  line  or  not.  If  the  ehleld  Is 
marine  on  to  on«  aide,  almpl;  rel&x  the  prennirs  on  the  hydraiiUa 
Jacka  ol  the  oppoalte  aldc^  and  the  ehleld  la  easily  brought  to  line. 
Id  alnillar  manner  It  la  kept  to  Krad&  The  Jacks  are  eo  connected 
by  piping  that  any  one  of  them  can  be  cut  out.  All  that  Is  needed 
la  careful  watching,  and  the  ahleld  con  be  easily  kept  to  line.  A 
cut  ahowlns  the  general  dlmenstona  of  the  shield  ta  Klren  herewith 
<FHg.  19). 

We  now  come  to  the  detail*  of  the  work. 

The  sever  1*  ISH  (L  In  diameter  and  waa  buUt  of  tow  rlns> 
|« ^'— >(< 71 


Big.  IS. — Tmmel  Shield. 


of  No.  I  rtiale  brick  laid  In  Portland  cMnent  mortar. 

from  a  point  i  ft.  below  the  spring  Une  to  a  point  i  fU  from 

crown  of  arch,  was  laid  in  Flemish  bond,  keyed  In  with  row-l 


The  air  lock  conalBted  of  a  section  of  the  sewer  Included  b 
two  brick  bulkheadu  3  ft.  thick  and  34  fL  apart  A  wooden  door 
made  of  4-ln.  tongued  and  fcrooved  timber  was  placed  In  each  bulk- 
head. When  closed  the  doors  prem  againit  rubber  gaskets  to  pre- 
vent leakage.  The  lock  was  supplied  with  large  valves  so  that  It 
could  be  filled  or  emptied  In  about  one  minute.  The  ordinary  air 
pressure  wa*  about  E  lbs.,  and  It  was  found  that  this  was  sufficient 
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to  keep  the  tunnel  dry  and  to  Slve  a,  good  supply  of  fresh  air  to 
the  workmen.  When  >aft  spots  occurred  In  the  excavation  the 
pressure  was  run  up  to  about  9  Iba  A  higher  pressure  than  this 
might  have  caused  a  "blowout"  as  the  liard  material  In  the  roof 
of  the  tunnel  was  not  partlcularlr  thick. 

The  shield,  a  section  through  the  center  ot  which  Is  shown  tn 
Fig.  13,  was  constructed  of  \-ln.  steel,  and  had  a  total  wetKhl  of 
about  16  tons.  The  shield  was  1  fL  long  and  1«%  ft.  In  diameter. 
The  upper  half  Was  provided  with  a  follower,  7  ft.  long,  made  of 
\-la.  steel,  bolted  to  the  ehleld.  When  the  roof  was  of  hard 
material  the  "follower"  was  pulled  off  the  brickwork  about  2H  ft. 
The  shield  was  pushed  forward  by  It  hydraulic  Jacks,  5In&  in 
diameter  and  it  Ins.  long.  The  water  Is  conveyed  to  the  Jacks 
by  a  pipe  line  containing  a  swinging  Joint  In  the  shape  of  an  in- 
verted "V"  with  the  Joint  at  the  apex,  which  allowed  tlie  Aleld 
to  i>e  shoved  ahead  and  pulled  the  pipe  with  It.  The  average  pres- 
sure used  In  shoving  the  shield  was  about  TOO  lt>s.  per  sq.  In.,  but 
the  piunp  could  develop  a  pressure  of  6,000  lbs. 

The  material  excavated  was  principally  a  hard,  dry  quicksand,  at 
times  mixed  with  clay.  All  material  was  handled  in  cars  ot  a 
1  cu.  yd.  capacity,  the  cars  being  pushed  In  and  out  by  the  laborers; 
The  method  of  excavation  waji  a»  follows:  The  miners  exca- 
vated about  2  ft.  tn  advance  of  the  shield,  the  pressure  was  then 
applied  and  the  shield  shoved  ahead  Into  the  part  Just  excavated. 
At  the  beginning  of  eacb  day's  work  the  heads  of  the  Jacks  stood 
about  1  It.  from  the  brickwork.  Large  wooden  blocks  were  then 
placed  against  the  two  outer  rings  of  the  brickwork  and  other 
blocks  were  placed  between  these  and  the  heads  of  the  Jacks.  The 
pressure  transmitted  to  the  brickwork  Old  not  damage  it.  After 
the  first  shove  of  2  ft,  the  Jacks  were  forced  back  and  more  block- 
ing placed  between   them  and  the  other  blocks. 

The  sewer  for  part  of  the  thne,  at  least,  was  constructed  at 
the  rate  ot  9  ft.  a  day  or  about  250  ft  a  month.  An  additional 
foot  a  day  could  easily  have  lieen  made  hut  the  cantmctor  did  not 
care  to  take  too  great  chances  by  pulling  the  shield  follower  oS 
the  brickwork  any  further. 

Two  brick  layers  laid  up  the  S  tt.  of  sewer  In  aliout  S  hours; 
each  man  laying  about  G,000  bricks.  The  mortar  was  mixed  In 
the  tunnel  at  the  face  of  the  work.  In  each  lineal  foot  of  sewer 
there  were^B  cu.  yds.  of  excavation  and  2.82  cu.  yda  of  masonry, 
OT  about  1.100  bricks  per  lineal  foot 

The  work  was  divided  hito  four  shifts,  the  wages  and  number 
of  the  men  In  each  shift  being  as  follows:  the  superintendent's 
were  the  contractor's  sons,  their  wages  being  estimated  at  %S  per 
day; 

1  Head  Miner  at   14.00 t     4.00 

3  Miners    at    tS.60 lO.BO 

2  Muckers    at    |2.B0 E.OO 

1  Double  Team  at  (6.00 B.OO 

Total     t  84.60 
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Second  Tunnel  GanKi  T  a.  u.  to  3  p.  u. : 

Same  number  aa  flrat  gang %  24.50 

Total   for   tunnel  gangs t  19.00 

Brick  Shift,  i  p.  u   to  10  P.  u.: 

2  Brlckloyera   at    18.00 , t  16.00 

4  Tendera    at    11,76 7.00 

2  Car   Pushers  at   H.76 3.G0 

Total     t  £e.B0 

Top  Gang.  7  a.  u.  to  G:30  p.  u.  : 

4  laborers    at     tl.SO I  (.00 

Day  Shift.  T  A.  H.  to  7  P.  u. : 

1  Superintendent    at    fi.OO I  6.00 

1  Engineer    at    J3.2E 3.ZE 

1  Flrsnan  at  J1.T6 1.7B 

I  Carpenter   at    (2.00 2.00 

*  Car  Paahers  at   |1.7B 7.00 

1  Car  Dumper  at  I1.7B 1.T6 

Total    I  20.75 

Night  Shift,  7  p.  u.  to  7  A.  H. : 

1  Buperintendent  at   (5.00 t  G.OO 

1  Engineer   at   (3.25 3.2S 

1  Fireman  at   J1.75 1.76 

4  Car  PuahcTB  at  H,7E 7.00 

1  Car  Dumper  at  tl.7S 1.7G 

Total     ^ t  18.76 

Total  labor  for  24  hours .1121.00 

The  two  tunnel  gangi  worked  8  hours  each,  and  the  total  wages 
paid  them  were  %i9  for  18  hourB,  during  which  time  they  excavated 
9  lin.  ft.,  or  72  cu,  yds.  Hence  their  labor  cost  fS.44  per  lln.  ft., 
or  88  cts.  per  cu.  yd. 

The  two  top  gangs  worked  12  hours  each,  and  their  total  wages 
were  f39.G0.  In  addition  to  this  there  was  the  fuel  for  a  fiO-hp. 
trailer,  which  could  not  have  exceeded  4  tons  in  24  hours,  and, 
doubtless,  was  much  lesa  Assuming  4  tons  at  |3,  we  have  112 
to  be  added  to  the  I39.G0,  making  tGl.60,  or  |2.1G  per  hour. 
In  the  16  hours  of  excavating  work,  the  cost  of  the  top  labor  and 
fuel  would  be  16  X  (2. IS  =  134.40.  which  Is  equivalent  to  13.82 
per  Ho.  ft.  of  tunnel,  or  48  ots.  per  cu.  yd.  The  total  cost  of 
excavation  was,  therefore.  tOGS  plus  tO.48,  or  tllS  per  cu.  yd., 
exclusive  of  interest  and  depreciation  of  plant. 

The  brick  mason  gang  worked  T  hours,  and  the  total  wages 
were  I2E.G0.  Since  2.S2  cu.  yds.  of  brick  masonry  weie  laid 
per  lin.  ft.,  there  were  23.6  cu.  yds.  laid  each  shift,  the  advance 
being  9  lln.  ft.  Hence  the  cost  of  labor  was  (1.12  per  cu.  yd,, 
of  13  per  M,  or  (2.95  per  lin,  ft.  But  this  does  not  include  the 
wages  and  fuel  charged  to  the  surface  gang,  which  is  12.16  per 
hour,  or  117.20  tor  8  houra  Distributing  this  I1T.20  over  the 
23.6  cu,  yds.  of  brick  masonry  we  have  73  cts.  per  cu.  yd. 
of  mosonir,  or  11.91   per  lln.    it.  of  tunnel.      The  total    labor  coat 
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of  brick  nuMmtv  la,  thtrsfora,  tl-Ii  pliu  0<1I.  or  ll.SG  [ 
We  are  now  able  to  approximate  the  cost  of  the  t 
lineal  foot 


8  cu.  rde.  BxcftT.,  undersroand  labor,  at  tO-*8--- 

8  cu.  yds.  excav.,  surface-  labor,  at  10.48 

2.E2  cu.  rds.  briclcwork.  underKTOunil  labor,  at  fl 
2.SZ  cu.  yds.  brickwork,  surface  labor,  at  10.13.. 

1.100  brlclCB  at  t9  per  M 

i.l  bbla  cament  ( 1  ^3  mortar)  at  fl.TO 

1  cu.  yd.  aand  at  (1.00 

Plant,  BO  per  cent  of  flrat  cost,  dlatrlbuted  over  1, 


(3.000  for  track  rail*,  pipe,  wire  and  lamps;  and  we  ha 

that  half  of  this  310,000,  or  tS.OOO  should  be  charged  to  the  1,(00 

lln.  ft.  of  tunnel,  which  Is  tS  per  lln.  ft 

The  tunnel  was  temporarilr  floored  with  plank,  and  upon  thla 
the  tracks  were  laid.  We  have  eatlmated  that  this  flooring  need 
not  have  exceeded  3S  ft.  B.  M.  per  lln.  ft  of  tunnel. 

No  data  are  available  for  accurately  estfmatinK  the  cost  of 
ahafts.  but  It  Is  safe  to  aaautne  II, GOO  for  the  1,600  ft  ol  tunnel 
as  the  cost  of  shafts. 

It  win  be  remembered  that  the  above  costs  are  based  upon  ■ 
progreos  of  9  lln.  tt  per  24-hour  day.  Very  bad  material  might 
reduce  progress  to  6  ft  per  day,  oorretvondlngly  Increasing  the 
cost  of  labor. 

The  contractor's  plant  on  this  tunnel  work  wtts  as  tollowa: 

2  boUerB,  60  hp.,  return  flue,  only  one  In  use  at  a  lime. 

1  Duplex  feed  pump.  4-tn.  steam  cylinder.  I-ln.  water  cyllnder> 
5-ln.  stroke,  made  by  Laldlaw  ft  Dunn,  Cincinnati,  O. 

1  atralght  line  air  compressor,  cliiss  "A,"  16-ln.  steam  cylinder, 
16K-In.  air  cylinder,  I8-[n.  strtdie,  made  by  Ingersoll-Raud  Ca, 
New  York  City. 

1  vertical  high  speed  engine  (SO  hp.)  for  dynamo,  cyL  8  x  10  Ina. 

1  dynamo  with  rfaeoatat,  capacity  260  incandescent  lights,  110 
volts,  EG  amperes. 

1  Norton  voltmeter  and  swltchea 

1  high  pressure  hydraulic  pump,  10-ln.  steam  oytlnder,  I-tn. 
water  cylinder,  IS-ln.  stroke,  mode  by  the  National  Pump  Co^ 
Chloago. 

1  hoisting  engine,  double  cylinder,  S  k  10  Ins.,  with  one  drum 
(23  X  23  Ina),  sink  motion  reverse,  made  by  J.  B.  Mundy,  Newark, 
N.  J. 
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I  eicmtor  tmge  and  guldM. 

II  hydnullc  Jacks  (G  x  IS  Ino.),  wltb  valvaa,  for  ahlelO. 
1  aueld,  weight  12,000  11m; 

tn  cottcluBkm  It  Bhonld  b«  Mid  that  this  work  wai  done  wElhout 
tbe  Bll^teat  Mttlement  of  adlaceat  buUdlnss,  althouKli  a.  S-story 
brick  bulldlns  WBB  with  a  few  r«et  of  the  line  of  the  aewer. 

The  contractor  waa  Mr.  John  Wa«ner,  of  devAIand.  O.  Mr.  J. 
U.  EMap  waa  AaaWant  Bngtaieer  Intereeptlng  Sewsra;  and  to  him 
we  are  Indebted  for  the  data  upon  which  the  above  Ktven  costs  are 
baaed. 

Coat  of  Bawar  In  Tunnel,  Cleveland,  0>* — The  tunoel  coiutructloD 
Is  a  portion  of  the  contract  for  the  lAkeHlde  Ave.  Intercepting 
aewer,  between  E.  10th  and  Marquette  streets  In  Cleveland,  Ohio, 
ICr.  TiKBDae  W.  Nlcbolaon,  contractor.  For  some  of  tbe  Intercepting 
aewer,  brick,  with  Internal  diameter  of  It  ft.  6  Ina,  approximate 
depth  to  bottom  of  sewer  10  ft.,  the  price  per  lineal  foot  in  open  cut 
waa  188.  In  spite  of  all  the  care  taken  by  the  conCractars  to  brace 
the  trench  it  broke  away  from  them  In  places  until  at  some  spots 
the  abikhig  of  the  street  extended  to  the  curb  lines.  Much  trouble 
was  experienced  with  settlement  of  buildings  With  the  drawback* 
Incidental  to  such  happenloKS.  The  contractors  were  In  so  muoh 
trouble  that  they  ware  permitted  to  tunnel  and  no  more  trouble  waa 
experienced  witb  buildings  settling  and  there  was  an  Immediate 
reduction  In  the  cost  of  the  work. 

The  aawer  now  being  put  In  by  Mr.  Nicholson  was  let  to  him  for 
|3>  par  lineal  foot  when  using  three  rings  of  brick  with  wood 
I>acklng,  hla  price  for  four  rings  of  brick  without  the  wood  backing 
being  fie.  There  were  a  number  of  other  bidders  who  all  bid 
higtier  lor  the  wood  backing  form  of  construction,  than  for  the  four 
rings  of  brick.  Internal  diameter  of  the  sewer  12  ft.  The  work  Is 
DOW  in  progresa  It  may  be  Interesting  to  note  that  on  Aug.  4, 
ISOB,  a  contract  was  let  for  another  section  3,430  ft.  long,  to  John 
Wagner,  the  Internal  diameter  being  12  ft.  1  Ins.  at  a  price  of  I33.TS 
with  wood  backing  and  f33.7i  for  all  brick.  The  cost  to  the  city 
Is  thus  less  than  half  by  tunnelling  compared  with  the  open  cut 
work  and  the  dangers  supposed  to  be  guarded  against  by  open  cut 
work  are  really  less  with  the  tunneL  On  his  present  contract  for 
the  IZ-fL  aewer  Mr.  Nicholson  Is  said  to  be  meeting  with  no  trouble 
by  reason  of  settlement  of  buildings. 

To  get  rid  of  water  and  prevent  settlmnent  by  a  too  rapid  un< 
watering  of  the  ground,  the  tunnel  Is  canitmcted  under  air  pressure 
of  about  T  lbs.  to  tbe  aq.  In.  Men  work  In  this  pressure  for  a 
Whole  Shift,  the  work  being  continuous  In  S-hour  shifta  A  shield 
la  uaed  and  an  attempt  Is  made  to  complete  a  It-ft.  length  In  each 
shift  The  table  given  shows  the  progress- made  during  August  and 
September,  up  to  the  time  the  tunnel  was  visited. 

*BiKiin«erint/-OoiitracUMB,  Oct.  4,  1009. 
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The  material  being  a  nne  Joint  clay  1>  tfuived  by  knlVM.  These 
knives  are  made  like  a  carpenter's  draw  knlFe,  or  shave  knUe,  with 
the  blade  bent  to  a  halt  circle.  Small  ones  can  be  used  by  one 
man  but  In  this  tunnel  the  air  makes  the  clay  dense  and  several 
men  pull  on  the  knives,  thus  being  enabled  to  take  oIT  long  slices. 
When  2  ft  o(  excavation  are  sained  the  shield  Is  driven  ahead. 
and  the  wood  lining  put  In.  This  wood  lining-  conslBtH  of  blocks 
of  wood  about  2  ft.  long,  g  In*,  wide  and  S  ins  thick.  On  one 
side  a  curved  piece  Is  cut  so  the  face  of  the  block  Is  cut  to  a 
radlua  of  T  ft.  1  In.  The  piece  removed  Is  nailed  on  the  back  and 
thus  the  block  is  E  Ina  wide  and  6  Ina  thick  but  front  and  back 
both  curved  to  a  radius.  The  excavation  Is  3S  Ins.  larger  than 
the  Interior  diameter  of  the  sewer  and  the  wooden  blocks  are  used 
to  lino  the  entire  excavation,  making  a.  wooden  ring  with  the 
inside  face  13  Ina  larger  than  the  sewer.  The  Jacks  of  the 
shield  press  against  this  wood  lining  and  the  pieces  being  cut  to  fit, 
any  pressure  exeried  on  the  side  of  the  excavation  will  simply  force 
the  ends  of  the  blocks  together  and  no  other  bracing  is  required. 
This  leaves  the  space  clear  for  the  brick  masona 

The  masons  lay  three  rinse  of  brick  on  the  wooden  ring  for 
one-half  the  height  Great  care  Is  taken  to  Insure  grade  and  as  the 
excavation.  If  anything,  Is  usually  slightly  In  excess,  the  extra 
apace  Is  filled  with  cement  mortar.  The  Inside  diameter  of  the 
sewer  Is  therefore  true.  When  the  sewer  Is  completed  on  either  side 
to  the  middle,  brsces  are  spiked  to  the  ends  of  tlie  ties  oC  the  material 
track  and  leaning  against  the  sides  of  the  sewer.  Upon  the  upper 
ends  of  these  braces  are  placed  heavy  timbers  carefully  leveled  and 
resting  upon  these  timbers  are  placed  saml-clrcular  steel  centers 
made  from  4  In.  channels,  with  feet  riveted  to  them  to  enable  them 
to  bo  maintained  In  a  vertical  position.  These  centers  are  placed 
4  ft.  apart  and  the  total  length  of  brickwork  put  In  on  a  shift  Is 
generally  12  ft.,  requiring  three  centers.  The  sfmce  between  the 
brickwork  and  the  centers  Is  sufficient  to  permit  the  placing  of  I  in. 
lagging  on  the  centers 

Against  the  lagging  the  masons  lay  the  brick  horizonully  on 
the  sides,  presenting  the  narrow  edge  to  the  Inside  of  the  sewer. 
The  three  rings  are  thus  laid  and  If  any  spaces  exist  between  the 
brick  and  the  wooden  lining  It  is  easy  to  slush  them  In.  At  the 
top.  arrangemenlB  are  made  to  place  lagging  for  3  ft  across, 
Instead  of  lengthwise,  and  thus  1  ft.  at  a  time  can  be  built  and 
cavities  taken  care  of.  Brick  and  mortar  are  carried  In  by  can 
drawn  by  a  mule  on  ordinary  Industrial  track.  Double  lines  of 
track  are  laid  with  frequent  switches  and  cross  overs.  All  the 
excavated  material  Is  taken  out  on  these  tracks  and  the  brick 
and  other  materials  brought  In,  There  is  one  ahaft  from  which 
work  Is  carried  In  two  headings  but  only  one  heading  was  being 
worlted  at  the  time  of  the  visit.  The  equipment  at  the  shaft  head 
consists  of  a  hoisting  engine  and  air  compressor  and  In  the  tunnel 
is  a  pump  to  force  out  the  water  when  It  becomes  troubleSMne. 
The  air  lock  Is  at  the  foot  of  the  shaft  and  about  IS  ft.  Ions,    f^ 
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tunnel  was  In  about  2,000  ft.  whan  vtrited  Euid  under  air  the  wtaola 

length. 

A  usual  worktng  force  conalBta  of  11  men,  accordlnK  to  the  eltr 

■ewer  inspector,  divided  about  as  follows: 

Miners    t 

Hen   placing;   blocks | 

HuckOTS   i 

Uule    driver 1 

Total     11 

This  exact  dlvlston  Ih  not  adhered  to  an  all  the  men  help  the 
miners  except  when  blocks  are  to  be  placed,  when  aome  of  the 
laborers  are  detailed  for  that  work.  There  are  generally  two 
masons  with  four  or  more  helpers. 

The  men  are  paid  by  the  shift  and  the  inspector  did  not  know 
what  they  were  paid  but  from  conversation  with  the  men  he  gath- 
ered that  the  rates  of  pay  are  about  as  follows: 

Perboura. 

Masons    11.00 

Helpers   0.S6 

Miners   0.30 

laborers   0.2B 

The  following  table  Is  copied  from  the  Inspectors  dally  reports 
and  collected  for  each  week  from  tables  prepared  In  the  otHce  of 
the  city  engineer.  It  will  be  noted  that  the  laborer^  hours  are 
lumped,  regardless  of  the  work  perfonned,  no  distinction  being  made 
between  miners,  muckers  and  helpers. 

Engineers  from  the  sewer  department  go  Into  the  sewer  dally 
to  keep  up  the  line  and  grade  points.  For  grade,  nails  are  driven 
In  each  side  at  a  definite  height  at  Intervals,  and  strings  are 
stretched  from  nail  to  nail  across  the  sewer  when  the  men  want 
to  check  their  grade  at  any  time.  Upon  the  strings  pieces  of 
paper  ate  hung  and  sl^ts  are  taken  across  two  or  mora  strings. 
In  this  way  It  is  easy  to  keep  It  almost  exactly  on  the  grade  with 
the  work.  Owing  to  soft  places  encountered  from  time  to  time 
Id  the  material,  It  Is  more  difficult  seemingly  to  preserve  the  line 
than  the  grade.  The  alignment,  however,  seemed  excellent  and  the 
work  was  creditable  to  the  contractor  and  the  men  in  charge  for 
the  dty. 

Feet 

Week        Hours of  ae 

ending.  F  .  --  —  .  .    . 

Sept  IS...  -- 

Sept.  11...    B4  S4  SO 

Sept  4 81  84  24 

Aug.   Zg...ISg  16B  154 

Aug.    21... 188  IBS  leO 

Aug.    14... 168  108  leO 

Aug.    1 1«8  1(8  193 

Total     ..936  93E  882  4 

The  cost  was  as  given  In  Table  XI. 
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T^MIM  XI. L>ABOK  COBM   Pn  FOOT  <V  BlWHI. 

Total 

Week  labor  cart 

endlDc.   ^TenMD.   Bocliieer.  Maaona.  Helpen.   lAborers.    per  foot. 
Sept    18...f0.eB  lO.EE  ll.flS  t^Ot  tt.GS  111.1$ 

Sept.    n...    O.M  0.61  LET  l.BS  8.5Z  II. 5S 

Sept.    4 2.3S  l.ST  1.33  1.11  6.!D  12.84 

AufC.     28...    0.8T  0.S9  1.E9  2.08  T.OO  11.21 

Aug.     21...    O.TS  O.SI  1.44  1.80  «.G>  11.20 

Aus.     14...    0.6S  O.ST  l.EB  1.9S  T.B2  12.98 

Aug.     7 O.tS  0.G4  I.eE  1.9S  E.Tl  10.41 

The  waves  &re  asaumed  to  be  correct  a>  Klvan  by  the  Injector. 
The  wsgea  for  laborers  are  aaaumed  at  an  average  of  27  ^  eta.  per 
bour;  foreman  aaaumed  GO  eta.  per  hour;  enxlneer  aaaumad  at  40 
eta  per  hour.  This  aualyaia  is  made  upon  the  foregotnc  data 
solely  and  has  not  been  checked  with  iDtormatlon  from  the  con- 

The  loregoliiK  labor  cost  takes  the  wood,  Itrlck.  mortar,  «tc, 
down  Into  the  tunnel ;  puts  them  In  place  and  the  excavated  material 
Is  brought  to  the  surface  to  be  hauled  awar.  ThU  banllng  must 
add  t2  per  foot  to  the  cost  unlees  sontA  arrangements  ai«  made 
to  dispose  of  the  material  at  a  profit 

Each  toot  of  excavation  contains  S.T  cu.  jOk  In  each  foot 
there  are  300  brick  and  ST6  ft.  B.  H.  of  lining  blocka.  The 
mechanical  equipment  consists  of  a  shield,  a  holstlns  engine,  air 
compresMir  and  two  pumps ;  one  In  each  heading  and  of  tracks  for 
cars,  cars,  mules,  piping,  etc.,  and  locka  For  this  equipment  and 
operation  a  charge  of  11.25  per  foot  rtioulfl  be  reaaonable  as  It  will 
not  be  worn  out  on  this  one  Job. 

The  following  estimate  should  be  about  right  for  similar  work: 

Plant,  fuel,  etc f  I.IS 

800  brick  at  1 16  per  M 12.00 

Morlar  1.28 

Wood  lining,  2Te  ft.  B.  M.  at  |SG >.«S 

Hauling  away  material t.OO 

Cost  per  foot  exclusive  of  labor ISfi.lt 

The  labor  costs  vary  as  shown  from  (10.41  to  112.98  per  toot, 
which  brings  the  cost  per  toot  train  tSS.ST  to  IIS.14.  the  contract 
price  being  133. 

When  both  headings  are  going  the  cost  tor  foreman  and  aigineer 
will  of  course  be  divided  but  this  will  cut  off  lass  than  tl  per  foot. 
It  the  excavated  material  Is  sold  the  price  cannot  more  than  par 
the  coat  of  hauling.  Assuming  everything  favorable  that  can  be 
assomed.  It  looks  as  It  the  contract  Is  not  going  to  be  very 
remuoenitlve. 

The  men  lumped  together  as  laborers  handle  all  the  material 
Into  and  out  of  the  tunnel,  do  the  inlnInK  cleaning  up,  assisting 
brick  maaona,  helpers,  etc.,  ao  the  actual  excavation  cost  Is  less 
than  fl  per  cu.  yd.  The  cost  of  masons  and  helpers  Is  about  11.80 
per  1,000  brick.     No  fault  can  be  found  with  these  Items; 

Labor  Coat  of  a   Large   Brick  Sewer  In  Chlcaflo-*— In  1901  the 

*E»ffineertna-CoKtractinB,  May  30.   190fi, 
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Cl^  ot  Chicago  began  the  construction  of  tb«  south  arm  of  Its 
littMcepUng  aewer  irstem.  comprlalng  liecUon  G,  which  extended 
from  tSth  Btroet  to  Girt  street,  and  SocllonB  G  !  and  H,  which 
«xtended  trotn  Elst  atreet  to  TSd  Htreat.  Tho  work  was  done  by 
day  labor  under  the  supervlBloii  ol  the  city's  engineers.  Deacrlp- 
ClODB  ot  the  methods  and  coat  of  driving  sheet  piling  and  of  the 
excavation  for  these  sewers  were  given  In  the  March  and  April 
laaues  of  this  magailn& 

The  speclScatlons  for  th«  brlclcworlc  on  Section  a  called  for 
live  rings  of  hard  burned  sewer  brick,  laid  In  natural  cement 
mortar,  composed  of  one  part  cement  and  one  part  sand.  From 
SSth  Street  to  44th  place,  the  sewer  was  IS  ft.  In  Internal  diameter, 
and  from  44tb  place  to  Elat  street,  it  had  an  Internal  diameter  ot 
IGli  ft  Bricklaying;  on  Section  Q  was  commenced  in  the  early 
part  of  June,  I9QI,  and  was  completod  about  March  1,  19D3,  no 
work  being  done  during  the  winter  of  1901-Z.  On  account  ot  the 
necessity  ot  getting  through  the  freight  yards  of  the  IlllnotB  Central 
Ry.  at  51st  street,  bricklaying  was  carried  on  during  the  winter  of 
I90Z-3  when  the  weather  would  permit.  At  no  time  was  brick  laid 
when  the  temperature  weis  lower  than  15  decrees  above  lero.  The 
iMst  quality  of  torpedo  sand,  thoroughly  heated  was  used  In  the 
mortar.     This  section  of  the  conduit  was  about  300  ft.  long. 

Tha  brick  were  unloaded  from  the  cars  and  placed  in  piles  about 
IS  ft  from  the  aide  of  the  trench.  From  these  piles  the  bricks 
were  loaded  and  wheeled  to  the  side  of  the  trerkch,  and  were  tlien 
delivered  to  the  bricklayers  br  mecuia  of  tossers  working  on  the 
bank  and  on  scaftoIdH  on  the  braces.  All  cement  mortar  was 
mixed  by  hand  and  lowered  In  galvanised  Iron  palls  by  means  of 
ropes,  from  scaftolde  on  the  top  set  of  braces. 

During  the  season  of  1901,  eight  bricklayers  Were  employed,  and 
an  average  of  about  12  ft.  of  conduit  was  built  per  day.  Thie  was 
equivalent  to  about  lO.Ei  cu.  yds.  of  brickwork  per  day,  or  G  cu. 
yda.  per  mason.  The  second  year,  13  brlciilByerB  were  used,  and 
they  averaged  about  3G  ft  ot  conduit  per  day.  It  should  be  re- 
marked that  while  13  bricklayers  were  carried  on  the  roll  at  this 
tlme^  the  gang  usually  conalsted  of  13  men.  The  gang  for  handling 
brick,  mixing  cement  etc.,  conslBted  ot  from  TO  to  TG  men  tor  12 
DTlcklaj'era. 

On  the  construction  ot  that  portion  of  the  Intercepting  sewer 
lying  between  61st  street  and  73d  street,  the  flrst  brick  was  laid 
Dec.  S,  1901.  But  144  ft.  were  finished  that  year  owing  to  the 
cold  weather.  Construotion  was  resumed  about  March  IE.  190S, 
and  continued  until  Jan.  2,  1903,  when  It  was  stopped  tor  the 
winter.  The  work  was  resumed  April  10.  1903,  and  was  completed 
July  10.  The  masonry  conalHted  of  five  concentric  rings  ot  brick 
laid  In  natural  cement  mortar,  composed  ot  one  part  cement  and 
one  part  sand.  From  Gist  street  to  GSth  street  the  sewer  was  to 
have  on  Internal  diameter  ot  14%  ft;  from  GOtb  street  to  SSd 
•treat  tb*  diameter  was  I3H  It;  from  S3d  atreet  to  TOtb  street 
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1114  ft.  uid  from  ?Oth  atraet  to  TSd  street,  12H  ft.  The  excavated 
■ectlon*  were  48  ft.  long,  and  coDoequeDUy  12  bricklayers  were 
employed  moBt  o(  the  time.  The  work  v/bm  bo  arranged  thai  as 
Boon  as  the  Invert  traa  finished,  work  was  begun  on  the  arch.  The 
arch  work  waa  usually  kept  at  least  one  day  behind  the  Invert  tft 
order  to  give  plenty  of  room  (or  setting  up  centers,  reniovai  o( 
timbers,  and  at  the  same  time  keep  the  mason  gang  busy.  It  there 
should  bo  any  delay  In  eicavatlng  the  bottom  or  from  other  caunea 

Brick  were  delivered  In  cars  on  the  atreot  by  the  Municipal  nar- 
row Ease  railway,  no  hand  wheeling  being  necessary.  When 
dumping  space  was  available,  sufDclent  brick  (or  half  the  Invert 
were  usually  on  the  bank  before  the  masona  began  to  work.  The 
brick  were  passed  from  band  to  hand  to  the  masona 

As  in  the  construction  of  Section  G,  the  cement  was  mixed  by 
hand,  the  mixing  being  done  as  cloee  to  the  workers  aa  possible, 
but  on  the  opposite  side  of  the  trench  from  the  brick  pile.  The 
mortar  was  lowered  by  band,  one  man  supplying  three  masons,  that 
number  being  allotted  to  each  12-fl.  section.  The  divlalon  was 
made  on  account  of  the  Potter  trench  machine  bents,  which  were  so 
low  that  a  man  could  not  i>ass  under  them  while  on  the  cement 
platform.  The  cement  platform  was  laid  on  the  cross  timbers  which 
supported  the  trench  machine.  The  platform  was  about  1  ft.  above 
the  street  surface,  thus  making  a  lowering  distance  of  from  22  ft. 
to  28  ft  When  mortar  was  delivered  for  the  Invert.  A  departure 
was  made  from  the  ucual  custom  of  having  the  mason  tender 
dump  tbe  mortar.  In  that  one  man  In  the  bottom  was  assigned  to 
do  this  work.  This  proved  a  decided  advantage  as  the  morlar 
boxes  were  always  kept  filled.  It  might  be  well  to  note  here  that 
while  a  mason  tender  could  have  handled  the  mortar  for  a  part  of 
the  time,  yet  even  a  delay  of  a  few  minutes  tor  one  mason  at 
frequent  Intervals,  amounts  to  conaldemble  at  the  end  ot  tbe  day. 
Every  contractor  knows  that  a  slight  excuse  (or  slow  work  wlU 
make  a  considerable  dl((et«iice  in  the  amount  ot  finished  product 

When  1 2  maaona  were  working  the  mason  gang  consisted  of  from 
GS  to  6G  men.  The  gang  Included  masons,  tenders,  brick  tossera 
and  cement  handlers.  With  this  force,  from  88  to  H  ft  of  com- 
pleted sewer  were  built  dally. 

The  mason  gang  was  a«  follows: 


Rate. 

TM 

Cement    mixers 

}?-^ 

Total   l>er  day 

tlOl.GO 
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Aa  an  averas«  of  3S  ft  of  sewer  was  built  each  day,  the  tabor 
coat  per  foot  Is  about  tT.93.  AsmuninK  that  the  Inside  diameter  of 
the  sewer  was  13^  (some  sections  were  14!4  ft-.  1344  ft-  and  12^ 
ft.)    the    labor    coat   for    the    brick   masonry   amounted   to    f2.1S 

It  will  be  noticed  In  the  above  tabulation  that  the  rates  of  wages 
in  many  cases  were  excessive.  All  that  It  Is  necessary  to  say  In 
resard  to  this  Is  that  the  work  was  done  by  the  city. 

Cost  of  a  Concrete  and  Brick  Sewer, — Mr.  William  O.  Taylor, 
City  Blnglneer  of  Medford.  Mass..  gives  the  tolIowlnBT  data  ot  work 
done  Id  19S2,  by  day  labor,  for  the  city.  Figure  H  Is  a  cross- 
section  of  the  sewer,  which  has  a  concrete  Invert  and  sides  and  a 
brick  arch.  The  concrete  was  1 :  3 :  C  craveL  The  forms  (or  the 
Invert  were  made  collapsible  and  In  lO-fC  lengths.    The  two  halves 
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were  held  together  by  Iron  dOKS  or  clampa  The  momlne  following 
the  placing  oc  the  concrete  Che  dogs  were  removed  and  turnbuckle 
hooks  were  put  In  their  places,  so  that  by  tightening  the  turn- 
buckle  the  forms  were  carefully  separated  from  the  concrete  The 
concrete  was  theen  allowed  to  stand  £1  hrs..  when  the  arch  centers 
were  set  In  place.  These  centers  were  made  of  %  x  1%-in.  l^iglng 
on  2-ln.  plank  ribs  2  fL  apart,  and  stringers  on  each  side.  Wooden 
wedges  on  the  forward  end  ot  each  section  supported  the  rear  end 
ot  the  adjoining  section.  The  forward  end  of  each  section  was  sup- 
ported by  a  screw  Jack  placed  under  a  rlh  2  ft.  from  the  front  end. 
To  remove  the  centers,  the  rear  end  of  a  small  truck  was  pushed 
under  the  section  about  18  Ins.;  an  adjustable  roller  was  fastened 
by  a  thumb  screw  to  the  forward  rib  of  the  center;  the  screw  Jack 
was  lowered  allowing  the  roller  to  drop  on  a  run  board  on  top  of 
the  truck ;    the  truck  was  then  pulled  back  by  a,  tall   rope  until 
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tlie  adjustable  roller  ran  oti  the  eod  of  the  track ;  wtteroopon  the 
truck   was   pullod  forward,   drawing  the   center  off   the   supporting 

wedKSR  of   Uie   rear  section.      In   thle   manner  not  the  least  Injury 
was  done  to  the  fretih  concrete. 

Each  lineal  foot  of  aewer  required   Hi   eu-  yda  of  excavation; 
4   cu,   ft.   of  concrete,  and   1  cu.  ft.  of  brick  arch.     The  sewer  ma 

1,810  ft  long  and  was  built  by  day  labor,  wages  being  |!  for  8  hra. 
The  material  excavated  was  gravel  and  clay. 

Excavation  and  bsckflll :                              Percu.yd.  Forlln.fL 

Excavation,  labor,  2E  eta.  per  hr 10.339  %OAIH 

Bracing     0.026  0.0S2 

BackfilTlng     0.108  0.210 

Waterboy    0.017  0.011 

Kerosene    0.000  0.011 

Lumber    0.03B  0.044 

Total   |0.B>4  IO.T48 

Concrete  masonry :                                         Per  cu.  yd.  Per  lln.  (t 

Portland  cement,  at  |2.1E  per  bbl I2.1»t  tO.S4J 

labor  mixing  and  placing 8.017  0.4tl 

Cost   of   forms 0.187  0.018 

Labor    screening    gravel" 0.471  0.070 

Carting    0.E93  0.088 

MlBcellaneouB   0.146  0.021 

Total     .t6.70G  tl.OOt 

Brick  masonry:                                              Percu.yd.  Per  lln.  ft. 

492  brick,  at  8S.S0  per  H |  4.IS2  tO.Ui 

1%  bbla.  cement,t  at  t2.2E  per  bbl S.0t6  O.Ill 


Labor,   mason 1.841  0.049 

Labor,    helpers 2.091  O.OTT 

Carting     0-880  O.OJS 

Incidentals O.340  O.OIJ 

Total     812.070  t0.412 

'The  gravel  and  sand  were  obtained  from  the  excttTatlon. 

tThla  LicludeB  cement  used  In  plastering  the  arch. 

The  cost  of  this  30-In.  sewer  was,  therefore,  11.44  per  lln.  ft.. 
exclusive  of  the  excavation  Which  cost  74  cts.  per  lln.  ft.  The  cost 
of  brickwork  In  manholes  was  (IE. 34  per  cu.  yd.  It  Should  ba 
noted  that  wages  were  high  (82  per  8  hrs.)  and  that  the  work  was 
done  by  tlnr  labor,  thus  making  the  cost  higher  than  It  would  be  to 


Cost  of  a  Concrete  Sewer.* — The  work  consisted  of  a  aewer  1,180 
ft.  long  and  SO  Ins.  Inside  diameter,  with  a  4-ln.  shell,  constructed 
during  November  and  December,  1908,  with  the  thermometer 
ranging  IG  degrees  above  zero  to  above  freexUiE  point  The  neces- 
sity of  using  frost  preventives  added  about  i%  cts.  per  lln.  ft.  to 
the  cost  or  the  work.  The  following  Is  a  description  of  the  sewer 
and  Its  construction.  The  location  of  the  work  was  at  Pond  du 
Lac,  Wis. 

About  four  rears  ago  the  city  dug  an  open  drain  along  a  high- 
way upon  the  outskirts  of  the  city  for  carrying  storm  wat*r  Into 

' Bitffiiu»i1ng-Contractt>iff,  Jan.   IT,  IDOO. 
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Da  Navwi  ere«lt.  On  ooeonnt  of  th«  ditch  wniAiiiis  Into  tlio  load  tt 
waa  decided  to  place  a  pipe  In  thla  tranch  and  beckflU  over  tt  The 
oontract  woa  awardad  to  Burett  *  Dooler  for  a  monoUthlc  con- 
It  contained  alraut  l/>  en.  yd.  of  concrete  per  lineal  foot  In 
addition  there  were  IT  cu.  rda  of  concret*  tn  tbe  two  abutmenta 
or  portal*  at  tba  enda  of  the  aewer. 
The  Itenlaed  total  cot  of  the  wwer  waa  as  followa; 

Par  Unit 
Itttna.  Total.  Cta. 

Labor   (S3S.ED  4e.fz 

TooU  2*.B»  1.91 

Sandy  siavel 308.40  IG.St 

Lumber     H.04  l.OS 

Water   11.16  0.S8 

Froat  preventiveB   34.]g  i.GS 

Cement   170.13  IT.St 

Steel  forma   i04.Se  lO.DS 

Bndneerlns     ISi.OO  S.Tl 

Totals    11,634.80  tl.3D 

la  Oits  etatement  the  labor  Item  la  for  unaklDed  laborara  at  tl 
per  dar,  working  from  S  to  14  men  a  day  for  2S  dara  and  2  fore- 
men at  tS  each  for  tl  daya  The  coat  itenu  for  toola,  lumber  and 
frost  praventlvea  are  the  diaarencea  between  their  purchase  prlcea 
and  what  tb«y  broughi.  when  afterwards  sold.  The  sandy  gravel 
waa  purchased  delivered  from  three  dlltarent  pita  at  |1.G0  per  load 
of  about  l.TS  cu.  yda,  with  some  at  10  cta  extra  per  load ;  it 
cost,  therefore,  about  SE>  cta  per  cu.  yd.  The  gravel  was  mixed 
to  obtain  the  greatest  density  of  agsregates,  and  G  parts  of  gravel 
were  mixed  with  I  part  cement  to  make  the  concrete.  The  cement 
•>st  II.TO  per  barrel  delivered  Id  sacks,  less  tbe  rebate  on  aacka 
returned.  Water  coat  for  hauling  only  3G  cta  per  load.  The  lum- 
ber waa  uaed  for  abutment  forms  and  for  establtshing  gradea  The 
frost  preventives  constated  of  horse  stable  manure,  marsh  hay,  and 
ft  thin  layer  of  flax  atraw  aewed  between  two  sheets  of  roaln  paper 
and  also  fuel  for  heating  the  concrete  materials.  The  steel  (arms 
were  rented  and  the  cost  Includes  drayage  to  and  from  the  Job  and 
a  small  sum  for  oil  to  grease  (hem.  The  charge  for  enKlneerlng 
Dovers  the  entire  expense  to  the  city  and  township  for  plans,  speci- 
flcatlona,  advertlslDg,  Inspection  of  sewer  during  construction,  etc 

Separating  the  abutments  containing  IT  cu.  yda  of  concrete  the 
cost  was  as  (allows: 

Itona  Total.  Per  cu.  yd. 

Labor    J2B.B0  t  1.60 

Tools     00.59  0.08S 


0.882 

.    3S.0t  1.882 


.   00.40 


0.2ST 


Total*   ise.si 
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Soma  of  tb«M  Items  ftr«  actual  amounts  and  others  are  close  ap- 
proximations.    The  coats  for  Uie  sewer  proper  aniTed  at  In   th« 

Iteois—  Total.  Lin.  FL  Cu.  Td. 

tabor    or    concrete fZEJ.OO     fO.lST     (l.tSS 

LiB-bor    excavation aST.OO        O.ISS       2.36T 

Tools  14.00     0.O17     o.ies 

Gravel    193.10  D.14i  l.STS 

Lumber     lO.OO  0.007  O.OES 

Water     10.70  O.OOS  0.073 

Froit    preveDtives SI. SO  0.024  O.llS 

Cement     3SS.1S  0.249  S.i41 

Center    molds 201.60  0.149  1.311 

Engineering    127.00  O.09t  0.SS7 

Totals    tl,E49.t)     fLlSS  fl0.2Sl 

In  tbe  above  table  the  amount  for  the  concrete  labor  Inclndea 
the  labor  cost  lor  heating  the  materials,  mixing  and  depositing  tbe 
same  In  position  complete,  also  for  the  small  expense  of  operating 
the  sted  forma  The  rest  of  the  labor  expense  was  for  excavating 
tbe  trench  an  average  depth  of  S  ft.  and  for  back  lllllng.  This  was 
done,  as  noted  previously,  In  an  old  ditch,  the  bottom  ol  which 
was  red  clay  soil,  requiring  but  a.  slight  expense  for  trench  bmcbiK 
No  water  ran  In  the  trench  except  on  a  couple  of  dars  It  reined 
when  the  water  ran  out  soon  throu^  the  molds  Into  the  eewer. 

Flax  straw,  bound  In  paper,  already  put  op,  was  tried  as  a  cover 
to  the  fresh  concrete  ptpe^  to  keep  frost  away  while  the  conent 
was  setting,  but  the  vapor  from  the  concrete  softened  the  paper 
cover  so  that  It  could  not  be  handled  and  the  article  had  to  be 
discarded.  The  horee  stable  bedding  of  straw  proved  to  be  efficient 
for  keeping  frost  out  of  the  green  concrete.  It  generating  a  certain 
amount  of  heat  and  allowed  the  moisture  to  pass  through  It  from 
the  heated  concrete.  Due  to  the  chemical  changes  going  tm  In  this 
cover,  too  strong  an  article  should  not  be  laid  next  to  fresh  con- 
crete, as  In  some  places  on  the  pipe  It  was  observed  that  the 
cement  did  not  set  well  for  a  depth  of  1/1«  to  <^  In.  A  thin  layer 
of  marsh  hay  was  placed  between  the  manure  and  the  concrete  on 
the  balance  of  the  work  and  the  condition  did  not  ^>paar  again. 

In  the  steel  forma  lighted  oH  heaters  were  placed  at  short  Inter- 
vale to  keep  up  summer  conditions  while  the  canent  made  It* 
Initial  set 

The  style  of  tbe  centen  used  was  the  full  drcle  form  so  that 
the  crown  and  Invert  of  the  pipe  were  built  In  one  operation.  The 
materials  were  mixed  on  a  flat  No.  11  gage  steal  sheet,  slie  SO  x  Ifit 
ln&  Concrete  was  put  In  the  bottom  of  the  trench  Qrst,  which  was 
dug  somewhat  rounding,  and  graded  4  Ina  thick.  Strips  of  No.  IS 
ga«»  sheet  steel  IS  Ina  wide  by  8  ft  long,  previously  rolled  to  the 
arc  of  SO-ln.  circle,  was  next  laid,  one  piece  lengthwise  on  this 
bed.  then  one  G-ft  eectlon  of  steel  forms  was  placed  upon  the  strip, 
or  track.  The  form  was  expanded  to  slie  by  turning  the  hand 
wheel,  the  correct  diameter  l)elng  obtained  by  fitting  a  wire  hoop 
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«•«•  around  the  iie«r  end  ot  th*  center  and  expanding  the  eenler 
s«ain>t  the  sace.  Another  batch  of  concrete  now  ready  was 
poaltloned  around  the  foraa,  an  operator  at  the  front  end  of  the 
form  bavinc  k  ateel  blade^  S  Ini:  wide  br  10  Ina.  long,  affixed  to 
a  lODK  handle,  tamped  the  concrete  Simly  to  place  under  the  two 
bottom  Quarter*  of  the  form  eo  that  the  powlbiuty  of  volda  or 
pocket*  forming  In  the  bottom  of  the  concrete  pipe  to  be  reflnlehed 
later  wa*  eliminated,  the  concrete  being  positioned  on   top  of  the 


Fig.   IE. — Centere  for  Concrete  Sewer. 

form  nearly  out  to  the  end.     Another  form  being  set,  the  process 
deacrlbed  wa*  repeated. 

The  object  of  using  a.  light  ateel  track,  or  slide,  under  the  forms, 
was  so  that  the  molds  could  be  drawn  out  eaally  the  next  morning 
one  at  a  time,  and  to  prevent  scraping  out  partially  set 
concrete  from  the  bottom  ot  the  sewer,  the  steal  track  being  laid 
with  lapped  ends  so  that  the  forma  could  slide  over  the  Joints 
and  not  disturb  the  track.     The  track  was,  of  course,   taken  each 
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momlDK  from  the  aewer  after  the  centera  were  wtthdrawn  and  (wed 
r«DsBte<Jly. 

CoUaprins  of  the  centera  was  accompllabed  by  marelr  givliw  tb« 
hand  wheel  a  tew  turns  to  the  left,  when  the  mold  waa  pulled  out 
of  the  aewer  with  a  rope  and  taken  ahead  In  the  trench  for  re- 
aettlnK  when  needed.  No  bracing  of  the  forma  waa  required  to 
keep  them  In  allgriment.  The  top  of  the  c<mcret«  pipe  waa  abaped 
with  a  wood  bend  Boat,  the  concrete  for  thia  purpoae  not  belnf 
made  vet  enough  to  make  It  aloppy. 

Tha  adjuatahle  ateel  centers  aa  uaed  on  thia  Job  ware  bandlMI  on 
the  dealrable  unit  plan ;  however,  ail  the  forma  may  b«  Mt  befora 
placing  concrete  about  them,  or  In  any  other  way  that  may  appeal 
to  a  contractor  aa  most  advantageoua  Two  T-cannectlona  were 
mada  to  this  aewer  by  placing  ttie  small  ends  of  day  pipe*  agatnat 
the  ateel  forma  aa  the  concrete  waa  being  poaltlaned.  The  next 
morning  when  the  ateel  forma  had  been  removed  the  flrat  coimeo- 
tloD  had  some  concrete  to  be  broken  out  of  the  end  and  reflntahed, 
while  tbe  one  made  later  waa  found  perfect.  Oaa  engine  oil  thinned 
with  kerosene  and  applied  With  a  brudi  to  the  aurface  of  the  molds 
prevented  the  adhesion  of  concrete  to  the  forma  The  tempecAtOra 
varied  during  construction  when  concrete  waa  made  from  IB* 
above  MTO  to  above  the  freeilng  point.  The  thermometer  one 
morning  registered  12°  below  sero,  but  by  10  o'clock  it  ahowed  16* 
above  when  concreting  waa  started.  One  foreman  with  a  crew  of 
six  men  often  put  In  10  fL  of  aawer  In  leaa  than  G  hours'  time. 

The  Etylo  of  mold  used  on  this  Job  la  patened  by  J.  El  Dooley, 
and  la  manufactured  by  the  Adjustable  Steel  Centering  Co.  of  Fond 
du  LiOf,  Wla  We  are  Indebted  to  the  contractor^  Burett  *  Doolcr, 
for  the  information  from  which  this  article  haa  been  prepared. 

Coat  of  Reinforced  Concrete  Sewer  at  Cleveland,  O.— Ur.  Wal- 
ter C.  Fonnley,  U.  Am.  Soc  C.  &.,  gives  the  following  data;  There 
were  8M  miles  of  reinforced  concrete  aewer.  IS^  fL  diameter,  of 
aectlon  shown  In  Fig.  16,  and  It  Ins.  thick  at  the  crown,  "^e 
contract  price  waa  |fi2  per  lin.  ft.,  Inciodlng  excavation,  and  tha 
excavation  averaged  30  cu.  yda.  per  llo.  ft.  The  bid  for  a  brick 
aewer  waa  (76  per  lln.  ft. 

It  will  be  noted  that  there  are  two  rowa  of  "anchor  bara"  burled 
In  the  aide  walls.  The  Invert  and  aide  walla  were  Qrat  built  up  aa 
hlgti  aa  the  top  of  tbe  brlcii  Uniog,  then  the  arch  centers  were 
placed,  and  the  steel  skeleton  wae  bolted  to  the  anchor  bara  The 
ribs  of  this  ateel  skeleton  were  spaced  IB  Ina  center^  and  there 
were  B  rowa  of  horizontal  or  longitudinal  bare  of  lU  x  ^-In.  steel 
bolted  to  the  riba  The  metal  was  all  bent  to  shape  In  the  ahop, 
BO  that  there  was  no  Held  work  except  to  place  and  bolt  the  metal 
together.  There  were  9S  Iba  of  steel  per  lln.  fL  of  aawer,  of  which 
GS  tba  made  the  skeleton  In  the  arch,  and  IT  Iba  of  anchor  bar*. 
Thia  design  of  steel  skeleton  waa  patented  by  Mr.  Parmley. 

The  lagging  of  the  arch  centera  waa  covered  with  building  p^jer 
water-proofed  with  parofflne.  Then  Portland  cement  mortar  1  to  I 
Ina  thick  waa  plaatered  on  the  pa^er,  ao  aa  to  form  the  Interior 
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nnlsh  of  the  arch.  Then  the  concrete  for  the  a.rch  wae  placed 
and  ramiDed,  being  12  Ina.  thick  at  the  crown  and  IS  Ina  thick  at 
the  Bprlne  line.  No  outside  foriHB  were  used  on  the  arcti.  The  arch 
concrete  was  1:3;?^.  When  the  paper  lining  was  pulled  off  a 
smooth    surface   was   left      The   Invert   concrete   was   made   with 

Mr.  Parmley  had  an  Inspector  keep  a  record  of  proBrese  for  sev- 
eral days  on  the  work,  when  the  men  did  not  know  they  were  beioi 


Fig,  10. ^Reinforced  Concrete  Sewer. 

timed.     He  infomis  me  that  an  S-hour  shift  was  worked.     The  labor 
cost  of  bulldtnc  131^-ft.  concrete  steel  sewer  was  as  follows: 
Labor  placing  anchor  bars  (1.600  Iba)  : 

1  man     1  day.    at    J3.50 13.60 

1  man     I  day,    at    il.75 1.7S 

I  man  W  day,    at    *i.60 O.SO 

Placing  1,500  IbB.  steal,  at  OA  eta. tS.OE 

l^bor  on  concrete  Invert  and  side  walls: 

E  men  mixing  and  wheeling,  at  11.73 1  S.TE 

I  man  tamping 1-7E 

1  man  carrying  concrete   1.7B 

H  man  lowering  concrete,  at  (3.26 1-60 

Labor,  13  cu.  yds.  concrete,  at  (1.06 I1S.7S 
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on  shale  brick  lining   (2  rlnga) : 

WnB,    Qt    (6.S0 

a  mixing  mortar 

n  wheellns  sand,  AUlnK  buckets  and  dumping  ix  11.16., 


tlLZO 


1  man,  3  days,  at  I3.BD tlO.EO 

' "   ' -t  11.76 10.ES 


a  lowering  malerlais,  at  |1.26.. 
lAbor,  6.38  cu.  yds.  brick  work,  at  f3.06 flMfi 

1  man  putting  mortar  lining  on  centers.  8  days,  at  11.15. .f  6.19 

2  men  mixing  mortar,  screening  and  wheeling  Sand.  I  days, 

al    *1.76     ........ T7..  10.B6 

8  men  on  mixing  board,  3  d^B,  at  fl.TE 42.00 

1  man  t&mping,  3  days,  at  fi.76 E.36 

I^bor,  72  cu.  yds.,  at  10.87 WM 

Labor  placing  centers  and  stMl  skeleton : 
3  days,  a     

Labor,  40  Un.  ft,  at  62  W  cts.  per  tt flLOO 

There  were  GS  Iba  of  steel  skeleton  per  Un.  ft,  and  about  H  the 
time  of  this  last  gang  of  3  men  was  spent  Id  placing  the  metal. 
%  being  spent  In  moving  and  placing  the  centers ;  so  the  labor  cost 
0,3  cts.  per  lb.  of  steel  <not  Including  shop  work)  and  tbe  labor 
moving  centers  cost  35  cts.  per  lln.  ft.  of  sewer.  The  backOlltng 
was  begun  S  to  12  hrs.  after  the  arch  was  built,  but  the  centers 
were  left  In  place  14  days. 

On  another  section  of  this  sewer  a  sli-day  observation  showed 
the  labor  cost  (hand  work,  no  machine  mixers)  Was  81  cts.  per  cu. 
yd.  of  concrete  In  the  Invert  and  side  walls,  and  70  cts.  per  cu.  yd. 
on  the  concrete  In  tbe  arch;  36  cts.  per  lln.  ft.  for  placing  centers, 
and  18  eta  per  lln.  ft.  for  placing  the  steel  skeleton ;  O.tS  eta  per 
lb.  tor  placing  the  anchor  rods.  A  gang  of  2  brick  masons  and  ■ 
laborers  laid  11.2  cu.  yda  of  the  double-ring  brick  lining  per  day, 
at  a  cost  of  f2  per  cu.  yd.  All  wages  were  as  above  given.  It 
will  be  seen  that  this  longer  observation  gave  much  lower  cost* 
than  above  tatnilated,  and  Mr.  Parmley  regards  It  as  being  nearer 
a  fair  average. 

Cost  of  Rslnforeed  Concrete  Sewer,  Wllmlnoten,  Del^— Hr.  T. 
Chalkley  HaCton,  M.  Am.  Soc.  C.  E..  gives  the  following  data:  Fig. 
IT  shows  a  proaie  of  Price's  Run  Sewer,  Wilmington,  DeL,  built  in 
1903,  by  day  labor  for  the  city,  the  working  day  being  S  hrs.  long. 
Fig.  18  shows  cross-sections  at  different  points.  The  notable  fea- 
ture Is  the  boldness  In  the  design  of  such  thin  concrete  shells  for 
sewers  of  such  large  diameters.  The  cross-sections  of  sewers  In 
trenches  deep  enough  to  cover  the  arch  are  marked  "deep  cutting" ; 
the  sections  where  the  arch  projects  above  the  ground  surface  are 
marked  "light  cutting."  The  section  through  the  marsh  was  TOO  ft. 
long,  the  cutting  being  8  ft  deep,  and  at  high  tide  the  marsh  was 
flooded  1  to  4  ft.  The  material  was  a  soft  mud  that  would  pull 
a  tl^t  rubber  boot  from  a  workman's  foot.  The  cost  of  this  marsh 
excavation     Including    cofferdams,     underdralnlng,    pumping,     etc.. 
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wftjj  tl.ao  per  cu,  yd.  For  1,100  «.  the  9^4-'t.  aewer  was  through 
a  cut  iZ  to  34  ft  deep,  the  material  being  clay  underlaid  by  gran- 
ItA.  A  CarBOn-lJdgerwood  cable  way  woh  used.  Although  the 
crown  of  the  arch  wax  but  S  ins.  thicic.  It  nlthetood  the  Bhock  of 
dumpliiK  1  cu.  yd.  buckets  of  earth  and  rock  from  heights  of  3  to 
10  ft. ;  and  the  weight  of  26  ft  of  kioea  fllUng  caused  no  crack* 
tn  th«  concrete. 

Concrete  was  placed  tn  4-ln.  layera  (the  depth  of  the  lagging) 
and  well  rammed,  Unce  tt  was  found  that  "wet"  concrete  left  small 
honeycombed  iqiaceB  on  the  Inner  surface.  Concrete  for  the  Invert 
was  1 :  Z :  G,  the  atone  being  l^-ln.  and  smaller,  and  the  sand 
being  crusher  dust     The  arch  was  1:2:5. 

The  reinforcing  metal  used  In  the  9^-'^'  sewer  was  No.  S  ex- 
panded  metal,  S-ln.  mesh.  In  sheets  8x5^  tt,  supplied  by  Merritt 
A   Co.,    ol   Philadelphia.     A  single   layer   was   placed   around   the 


Fig  IT. — Profile  of  Sewer. 


sewer.  9  InK  from  the  Inner  surface.  Its  position  being  carefully 
maintained  by  the  men  ramming,  and  with  but  little  difficulty  as 
the  sheets  were  first  bent  to  the  radius  of  the  circle.  Each  sheet 
was  lapped  one  mesh  it  Ins)  over  Its  neighbor  at  both  ends  and 
sides,  and  no  sheets  were  wired  except  the  top  ones,  which  were 
liable  to  diqilacement  by  men  walking  over  them. 

The  metal  used  on  the  rest  of  the  work  was  a  wire-woven  fabric 
furnished  by  the  Wlght-Baston-Townsend  Co.,  of  New  York.  This 
fabric  comes  In  rolls  B'A  ft.  wide  and  100  ft  to  (he  rolL  The  wlr« 
la  No.  8,  with  a  I  X  4-ln.  meeh.  This  fabric  was  placed  by  first 
cutting  the  sheets  to  the  required  length  to  surround  the  sewer 
entlnriy,  embedding  It  In  the  concrete  as  fast  as  concrete  was 
placed,  tn  the  lame  manner  as  was  done  with  the  expanded  metal, 
except  over  the  center  where.  On  account  of  lis  pliability,  the  fabric 
was  held  the  proper  distance  from  the  lagging  by  a  number  of  i-ln. 
blocks,  which  were  removed  as  the  concrete  was  placed.  The 
wli«  cloth,  being  all  In  one  sheet,  can  be  placed  a  little  more  ex- 
p«dItlouBly    than    expanded   metal,    but,    on   the   other    hand,    the 
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Smctfsn  in  DMpCuttinCf . 


FlK.  IS.— Craas  gpctlonB  of  Concrete  B 
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^PMBded  toMol  ttiMM  Its  poclUoii  better  In  tlie  imacrM^  since  it  la 
more  risid. 

I  quote  now  frcmi  Mr.  Hatbm's  letter  to  me:  "The  major  portion 
of  ooncreta  iras  mixed  by  machine  at  a  coat  of  6t  cente  ]>er  yard, 
Includins'  wheeilns  to  piac^  coal  and  running  ot  mixing  macbine, 
WBsea  belns  II.BO  per  day  of  S  hrs.  Stooe  was  Oeiivered  olouKSlde 
of  machine  and  all  material  bad  lo  be  wheeled  In  borrowa  uiwn  the 
platform,  and  after  mtoing  to  the  eewer.  Placing  and  rtunmLng 
concrete  around  the  forma  coat  3B  eta.  per  cu.  yd.,  addltlonaL 
SettlnK  forma  In  Invert  cost  I  eta.  per  cu.  yd.  of  Invert ;  aetUns 
centenh  T  cts.  iier  cu.  yd.  of  arch.  Coat  of  aettlnK  forma  and  cen- 
tara  Indudea  placiox  ateel  metaL  Bach  Lneai  foot  of  SU-ft. 
aemr  cootsliied  1  cu.  yd.  of  concrete,  altbou^  the  aection  only 
calla  tor  0.9*  cu.  yd.  The  ezceas  waa  uauallr  waated  by  fallliv 
aver  aldee  of  forms  or  belns  made  too  thieii  at  crown. 

"Tbli  yard  of  1:1:6  concrete  coat  In  place  aa  follova  (record 
taken  aa  an  average  of  several  days'  run) : 


mt,  1.11  bbla,  i 
0,  0.8'- 


Stone,   0.S4   cu.  yda,   at  11.21 

Stone  dust  0.42  cu.  yda,  at  fl.ll 

Labor,  at    18%   cCs.   per  hour 

lAtMr  setting  forma  and  seUIng  metai.. 


Coat    of    forms    (dlatrlbuted    over    1.8DD    ft.    of 

sewer)     0.088 

40  sq.  (t.  Mpanded  metal,  at  4U  eta. l.TOO 

Labor  plastering  Invert Q.070 

Coat  per  lb),  ft.,  or  per  en.  yd. 18.111 

THie  forms  for  the  Invert  were  made  of  2-ln.  rough  hemlock 
boards  cut  out  4  Ina.  leas  diameter  than  the  diameter  of  the  sewer, 
ezc^t  for  18  Ids.  at  the  bottom  of  the  form  which  coincided  with 
the  inside  form  of  sewer.  The  bottom  ot  the  sewers  was  laid  to 
the  tx>ttom  of  this  form  before  It  was  set  Then  the  lagging,  con- 
■latins  of  I  ■  O-lii.  I  18  ft  hemlock  planed.  Was  placed  agalnat  each 
tfde  of  the  form,  one  at  a  time,  and  the  concrete  brought  to  the  line 
ot  this  top  In  B-In.  layers  until  the  whole  Invert  was  flniahed. 
Tbeae  forma  ware  set  In  IS  ft.  sectiona,  live  to  each  aectlon. 

"The  centers  consisted  of  aeven  ribs  of  2-ln.  hemlock  upon  which 
was  nailed  IM-ln.  lagging,  2  laa  wide,  tongued  and  grooved,  and 
were  16  ft  long.  non-coUapslble,  but  liad  one  wingr  on  each  aide, 
t  ins.  wide,  which  could  be  wedged  out  to  tit  any  inaccuracies  in  the 
Invert.  Wa  used  four  of  these  centers  setting  two  at  each  opera- 
tion and  worked  from  two  anda  We  left  the  centers  In  for  18 
boars  before  dratrlng. 

The  coat  of  the  concrete  on  tbe  smaller  sewers  was  the  Kune  as 
are  tbe  larger  sewers,  but  the  ateel  metal  cost  less,  as  tt  was  wire 
woven  metal  that  cost  2%  cts.  per  sq.  ft  It  was  much  easier 
ttandled  and  cut  to  no  waste  as  It  came  In  long  rolls  and  was  very 
^tabia 

"After  training  our  men,  which  occupied  about  one  week  or  10 
days,  W«  had  no  dlOcultr  In  getting  the  concrete  well  placed  around 
Ota  metaL  preserving  the  proper  location  of  the  latter,  which,  how- 
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ever,  bor«  constant  watcblnK,  na  a  earoIOM  workman  would  ortoa 
take  the  temporary  (upiiOrUng  bloclu  and  allow  Uie  metal  to  reM 
agnfnat  the  wooden  oentar,  In  wtilch  csao  the  metal  would  Aow 
throng  tbe  mrface  Inalde'of  the  aevrer.  The  metal  was  kept  I  [na, 
away  from  the  Inalde  torma  and  the  aroh.  To  keei>  It  at  thla  loca- 
tion we  had  aeveral  1-in.  wooden  block*  cut  which  were  allpped 
under  the  wire  or  exEianded  metal  and  as  soon  aa  aorae  concrete 
Waa  pushed  under  the  wire  at  thla  potnt  the  block  was  removed. 

"After  the  forms  were  rmnoved  the  Invert  needed  plaaterlns.  bat 
the  arch  waa  practlcallr  like  a  ■nMothlT  plaatered  wbS  «zoeiit 
where  It  joined  the  Invert,  where  It  frequently  abowed  the  reatilt 
of  too  much  hurry  In  depoaltlnc  the  firat  loada  of  concrete  on  the 
lu^^     We  runedled  thla  tty  reqnlrlDK  leaa  ooaerat*  to  be  depoetted 


at  the  atart  thus  glvlnx  the  rammera  time  to  place  the  material 
properly. 

"An  Intereatlns  r««ult  waa  obtained  In  tbe  nwothneaa  of  the  In- 
side surface  br  uslnK  a  mixture  of  dlffereat  slied  stonea.  Wben 
%-ln.  atones  or  amaller  were  uaed  In  the  arch,  tbe  Inside  waa 
honeycombed;  but.  where  1  to  l%-\a.  atonet  (notblnx  amaller) 
were  uaed,  the  Inalde  waa  perfectly  amooth,  and  the  Kune  was  tiM 
of  the  invert,  ahowtnE  that  the  use  of  larver  stonea  la  an  advan* 
lase  and  aecurea  more  monolithic  work.  When  the  nm  of  tbe 
oruaher  from  H4  to  %-ln.  stones  was  used  the  work  was  not  at  aU 
satisfactory, 

"The  dlfCerence  In  cost  of  mixing  by  band  and  machine  ts  pr*c- 
tlcally  nothing-  on  this  kind  of  work,  as  the  moving  of  the  ma- 
chine to  keep  pace  with  the  progress  of  the  work  eouola  the  extra 
cost  of  mixing  by  hand  when  the  mixing  can  be  done  doae  to  tbe- 
point  where  the  cement  la  being  placed." 
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Tbetotal  oo«  ot  the  sewers;  InclndlnK  excavatloti,  etc.,  vat: 

Cost  p«r  lln.  (t 
BU-rt.  aewer   throuBlt   marab 132.00 


averaging  Z4U   ft 24.00 

tui  averaging  12  n...  .~  n- 

It  averaging  IlH   ft... 


C«M   of   a   Relnlarced   Concrete   Sewer,   Kslamuoo,   Mlch'-^lr, 
'  G«o.  3.  Plerson  glvea  the  f ollowlnx  data ; 

A  reinforced  concrete  sewer  1,DS0  ft.  long  at  Kalamasoo,  Mlph., 
waa  begun  Hov.  3,  1»()2,  and  flalehed  Jan.  10,  1903.  The  Work 
waa  done  by  day  labor  for  Che  city.  Uucb  of  the  work  was  dono  at 
a  temperature  of  12*  to  25°.  The  sewer  arch  has  a  span  of  )  ft. 
10  Ina,  and  the  sewer  Is  fl  fC  high  from  Invert  to  crown.  The  arch 
IB  8  Ins.  thick  at  Che  crown,  and  the  Invert  Is  G  Ins.  thick.  Fig.  1». 
The  ooncreCa  was  reinforced  with  woven-wire  fabric  of  No.  11  steel 
Wires,  The  concrete  was  l  cement  to  S  gravel  and  sand,  but  this 
proportion  was  noC  strictly  adhered  to.  The  centers  were  built  In 
s  12H  ft.  long,  and  there  were  S  arch  sections  and  12  Invert 
The  ribs  for  the  arch  centers  Were  of  2-ln.  pine,  and 
•  2  ft.  aj)srt.  The  sheeting  was  I-ln.  dressed  white  pine.  The 
S  was  10  men  mixing  and  wheeling  concrete,  5  man 
placing  and  ramming,  and  4U  men  moving  and,  setting  up  forma 
This  gang  averaged  18.6  lln,  ft.  of  sewer  per  day,  Che  best  day's 
work  being  23  lln.  ft  There  were  0.9G  cu.  yda  of  concrete  per  lln. 
n.  of  sewer.  Wages  were  fl.TS  a  day.  The  cost  per  lineal  toot 
W&a  a*  follows,  Including  superintendence : . 

Per  lln.  ft    Per  cu.  yd. 

1.18   bbls.   cement   fl.Il  t3.5« 

Band  and  gravel o.*l  0.44 

lAbor  mixing  and  wheellnit   ( 


lAt>or  placing  and  ramming   ( B  men) 
Metal  fabric   (176  lln.  ^ 


LiBbor  moving  and  setting  fOrme  (4^  men)    0.43 
Cost  of  forms  and  templateB 0.30 


Plnlshhig 

Tools,   general   expenses   and   super!  ntend- 

onSo  v: ;; oas         0.4s 

Total    tS.BE  |«.2< 

The  cost  of  excavaCIon  and  bat^fllllng  Is  not  included 
It  will  be  noted  that  the  coat  of  moving  and  setting  the  forma 
was  unneceasarlly  high.     Compare  this  cost  of  4G  cts.  per  cu.  yd. 
with  tlM  E  cts.  per  cu.  yd.,  at  Wilmington,  Del,  In  the  next  case 
clt«d. 

Cost  ef  ■  Relnforcsd  Concrete  Sewer  at  South  Bend,  Ind.*— In 
building  £.4(4  ft.  of  S6-in.  circular  reinforced  concrete  sewer  at 
Bouth  Bend,  Ind.,  In  1908,  the  meChod  of  construction  Illustrated  In 
Figs.  20,  21  and  22  was  employed.  The  sewer  has  a  9-In.  ahell  but- 
tresaed  on  the  aides,  and  Is  reinforced  every  12  Ins.  by  a  3/lG  x  I-in, 
peripheral  bar  In  the  sides  and  roof  and  3  Ina  In  from  the  sofflL 

'Snotntertmff-ConlTiHitliie,  Aug.  22,  190(. 
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Biach  bar  la  composed  of  tbr«e  plecM;  two  aide  plecea  from  IE  ln«i 
below  to  S  Int.  above  iprlnglDK  lines  and  a  connectliis  rool  bar  at- 
tached to  the  aide  bars  br  cotter  pin*.  Two  snidea  of  coDcret* 
were  used,  a  1:3:0  bonk  p^^el  concrete  lor  tha  Invert  and  a 
1:2:4  bank  e>^vel  concrete  for  the  arch.  The  Invert  was  given  a 
fi-ln.  plaster  coat  of  1 ;  1  mortar  as  blKh  ai  the  aprlnKlntt  lines. 

Pormt  and  CtmcrtHng. — In  constructing  the  sewer  the  tnmch  inM 
excavated  n  as  to  give  a  clearance  o(  1  fL  on  each  side  and  wa* 


Pig.  20. — Concrete  Sewer  Conatructloa 


Fig.  21. — Concrete  Sewer  ConstructioiL 

■hMted,  ae  shown  by  Fig.  20.  The  Bewer  was  built  In  IS  ft.  secUoni 
as  follows:  The  bottom  ot  the  trench  was  shaped  as  nearly  ai 
possible  to  the  grade  and  shape  of  the  base  of  the  sewer.  Four 
braces  to  each  12-ft  section  were  then  nailed  across  the  trench  l>e- 
tWMD  the  lowest  rangers  on  the  trench  sheeting.  A  partial  tonn 
oonslEtlng  of  a  vertical  row  of  lagging  was  set  on  each  of  the  out- 
side lines  of  the  sewer  t>arrel  as  shown  by  Fig.  20.  Each  sectioa 
ot  this  lagging  was  held  by  atalces  driven  Into  the  trench  bottou 
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and  nailed  at  their  tops  to  the  croaa  braces,  aa  ahowti  br  Pig.  31. 
A  template  tor  the  Invert  waa  then  8UBi>ended  from  the  crosa  brace* 
by  plecee  nailed  to  the  four  ribs  of  the  template  and  to  the  croM 
braces,  aa  ahonn  by  Fig.  tO.  The  concrete  was  now  placed  and 
carried  to  the  top  of  the  template,  which  was  then  removed.  The 
Bide  pieces  of  the  reinforcing  bara  were  then  set  and  fastened,  aa 
Shown  by  Tig.  21.  The  Bide  forms  extending  up  to  the  aprlnglns 
lines  were  then  placed.  They  were  held  In  position  by  braces 
nailed  to  their  ribs  at  the  tops  and  by  other  braces  flttlng  Into 
notches  In  the  ends  of  their  ribs  at  the  bottom.  The  concrete  was 
then  carried  up  to  the  eprlnKlng  lines ;  the  arch  canters  In  two  ' 
pieces  were  placed :  the  arch  bar  of  the  reinforcement  was  placed, 
and  the  eitrados  forms  erected  up  to  the  t5'  lines,  all  as  shown  by 
Pig.  22.  The  placing  Of  the  arch  concrete  completed  the  sewer 
barreL      The   outside   forma  and   braclne  were   removed  about   24 


Fig.  it. — Concrete  Sewer  Construction. 

hours  after  the  completion  of  the  arch,  and  backnuing  the  trench 
waa  twBun  Immediately,  but  the  Inside  forms  were  left  In  place  for 
two  weeks;  they  were  then  removed  by  the  simple  process  of 
knocking  out  the  notched  braces.  By  building  several  lengths  of 
invert  first  and  following  In  succession  by  the  side  wall  construction 
and  then  by  the  arch  construction,  the  form  erection  and  the  con- 
creting proceeded  without  Interruption  by  each  other.  It  was  also 
found  that,  by  making  bends  In  the  form  ot  polygons  with  10-fL 
sides  Instead  ot  in  the  form  ot  curves,  there  was  a  material  saving 
In  expensive  form  work.  To  overcome  the  friction  ot  the  angles 
In  such  bends,  an  additional  fall  was  provided  at  these  placea  AH 
concrete  was  made  In  a  Smith  mUer  mounted  on  trucks  so  (hat  it 
could  be  moved  along  the  bank  ot  the  trench  and  discharging  Into 
a  trough  leading  to  the  work. 

I^bar  Force  and  Coat. — With  a  gang  of  12  men,  from  2*  to  36 
ft.  of  sewer  were  built  per  ID-hour  day.  working  only  part  ot  the 
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time  on  actual  concreting.     The  diapoiltlon  of  the  torce  mixing  and 
\B,y\at  concrete  and  the  waBea  were  as  followa; 

Per  day. 

Six  wheelers,  at  IS.E  eta.  per  hour III. 10 

One  mlier.  at  82.6  eta  per  hour l.iG 

One  dumper,  at  IS.E  cfa  per  hour l.gS 

Four  placers,   at  2Z.E   ctB.   per   hour ir.DD 

Total    124.20 

There  were  0.594  cu.  yds.  of  concrete  per  lineal  foot  ot  aewer, 
and  Ita  cost  la  given  aa  tollowa: 

Percu.  yd. 

Gravel    I0.7TI 

Band    O.SB 

Cement    l.BO 

Bteel   reinforcement   0.81 

Labor,  mixing  and  placing  concrete 1.094 

Moving  forma,   templates,   etc '0.7E7 

Forms,    templateH,    etc. 0.E89 

Finishing,    plastering,    etc 0.6S9 

Tools  and  general   expensea 0.S41 

Total IT.JIE 

The  work  was  done  under  the  direction  ot  Mr.  A.  H,  Hammond 
M.  Am.  Soc.  C.  E.,  City  Engineer,  Bouth  Bend,  Ind.,  to  whom  w« 
are  Indebted  (or  the  Information  given. 

Coat  of  a  Leroe  Reinforced  Concrete  Sewer  at  St.  Loula,  Mo.^— 
An  unusual  piece  of  sewer  work  is  being  carried  out  by  the  city  ot 
St  Louis,  llarlem  Creek,  which  drains  a  large  area,  ot  the  city 
and  which  has  been  made  the  outlet  of  diatrict  aewera  until  It  haa 
become  a  menace  to  health,  ia  being  replaced  by  a  large  reinforced 
concrete  Intercepting  sewer.  Ultimately  the  sewer  will  be  Beveml 
mllea  long,  but  at  present  only  2,200  lln.  ft.  of  the  lower  end  are 
under  construction  and  about  bh  much  more  Is  planned  for  early 
contract  The  sewer  under  construction  comprises  1«2  ft.  of  29-rt. 
aectlon.  and  1,340  tt.  of  ZT-ft  section;  the  1E2  ft.  of  29-fL  Bectlon 
have  been  completed  and  the  following  la  an  account  of  the  methoda 
ot  construction  adopted  by  the  contractors,  the  Hoffinan-Hogai) 
Construction  Co.,  ot  3t.  Loula,  Mo.,  with  a  statement  of  the  coat 
of  the  work. 

The  Interior  dlmenalona  of  the  sewer  are  29  x  18.62  ft.,  giving  an 
area  of  opening  of  411  bq.  ft.  The  grade  of  the  sewer  la  0.0016 
per  cent,  which  gives  a  velocity  running  full  of  18.9  fL  per  eecond 
and  a  capacity  ot  7,489  cu,  (t.  per  seconA  Tiie  estimated  run-oS, 
calculated  by  McMalh'a  formula.  Is  100  CU.  ft  per  second  leaa. 
The  area  drained  Is  about  6,0D0  acres  and  tbe  maximum  ralnttll 
assumed  la  3.75   Ina.  per  hour. 

Tiie  croBS-seclion  of  the  sewer  Is  given  by  Fig.  2S,  which  also 
BhowB  the  arrangement  of  the  reinforcing  bara  Johnson  corru- 
gated bare,  old  atyle,  are  used  for  reinforcement  The  aectlone 
Dt  the  various  reinforcing  bara  are:  Longitudinal  bare.  0.1  B  sq.  In.; 
Invert  bnra  0.7  sq.  In. :  and  arch  bars,  O.T  sq.  In.    The  spacing  of 


•BBj)infler<ni7-Co«(rac((nff,  Feb.   20,   1907. 
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1  the 


the  bara  and  the  amuiBemeDt  of  tlie  splices  are  Indicated  a 
ArawlngB  o(  Fig.  23.  All  bpUcsh  have  a  lap  □!  3S  Ins.  Some  gravel 
coaorete  has  been  used  in  the  Invert,  butmont  of  the  concrete  has 
bee*  crushed  llmestODe  and  UIsBiMlppl  River  channel  Band.  The 
proportions  were  1 :  3 :  G  In  Che  invert  and  1:2:5  In  the  arch.  The 
arch  vas  computed  by  Prof.  Qreena'a  method.  The  ultimate 
strength  of  concrete  In  compression  was  taken  as  2,000  lbs.  per  sq. 


rength  at  EOO  lb*,  per  sq.  In.  The  elastic 
bars  was  taken  at  50,1100  lbs. 
The  trenching  waa  dona  by  wheel  scrapers  to  the  amount  of 
waWe;  Then  a  cableway  was  erected  spanning  the  entire  length  o( 
the  section  and  the  remainder  of  the  material  taken  out.  The  lost 
4  or  E  ft.  in  depth  were  In  llmeetone  and  the  excavated  rock  was 
taken  by  cableway  to  dmnp  carte  which  took  It  to  the  crusher  and 
returned  with  cruehed  rock  to  be  used  for  concrete.  This  rock 
foundation  was  taken  advantage  of  to  reduce  the  amount  of  Invert 
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creted.  Both  templates  and  arch  form*  Were  constructed  of  wood. 
The  arch  fonns  were  moved  ahead  on  Iron  rails  and  Jacked  Iota 
place.  The  rlba  were  2  x  lO-ln.  pieces  and  were  apoced  4  ft  on 
cenlers;  the  lagging  was  2-ln.  tongue  and  grooved  stutl  and  Wa« 
smeared  with  rrude  oil.  The  reinforcing  bars  were  bent  to  proper 
radius  by  means  of  a  wagon  tire  bender  and  were  held  In  placs 
by  leroplatea  The  concrete  was  all  mined  by  two  Chlcagij  Im- 
proved Cube  mixers  operated  by   electric  power. 

The  cost  records  of  constructing  the  section  of  29-ft.  sewer  so 
far  built  are  not  susceptible  of  complete  analysis,  but  the  follow- 
ing ngurea  can  be  given.    The  prices  of  materials  were  aa  foUowi: 

Cement,    per    barrel t  1.84 

Sand,    per    cubic    yard 0.7K 

Broken  stone,  per  cubic  yard 1.00 

Reinforcing    bare,    per    pound 0.03 

Vltrlfled   bHclt,  per  1,000 li.OO 

The  wages  paid  different  classes  of  labor  were : 

Per  hour. 

.  nremen     (O.BO 

Laborers   0.176 

laborers    O-Ie 

Laborers   0.18 

Laborers    D.302t 

Bricklayers    O.esn 

Helpers 0.26 

Carpenters    0.66 

Engineers     0.60 

Timekeepers    0.311 

Watchmen    0.176 

Hostlers    0.176 

Teams    0.60 

Taking  up  tbe  several  Items  of  work  in  order,  the  excavatloi. 
amounted  to  11,400  cu.  yds.,  of  which  1.400  cu.  yds.  were  rock  ex* 
cavatlon.     The  cost  of  excavation  was  as  follows: 

Total.        Per  cu.  3rd. 
Earth,  excavation  fT.640  to.SK 

Earth,    bracing    2.000  0.10 

Hock,   excnvatlon    1,400  1.00 

Rock,  dynamite.  toolBt  etc. 500  O.IO 

The  cost  of  crushing  the  excavated  rock  and  retumlns  It  to  the 
mixer  waa  tl  per  cu.  yd. 

The  cost  of  the  concrete  work  was  as  follows: 

I.JO  bbL  cement,  at  11.80 12.14 

0.44  cu.  yd.  sand,  at  75  eta 0.S3 

1   cu.   yd.   broken   stone,   at   f  1 I.OO 

Total   concrete  materials 13.07 

There  were  1,800  cu.  yds.  of  concrete  placed  at  a  cost  of  (or: 
Total.         Per  cu,  yd. 

Mlxinx   and    placing 81.180  (0.7376 

Forms    2,000  1.25 

Moving  forms   400  0.26 

Total  for  forms  and  labor. ..  ,83.680  tS.2176 
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For  nlnforclnK  the  concrete  SS.SOO  Iba.  of  stMl,  or  about  Gi  Iba. 
MT  cu.  I'd.,  were  uaed.  Tbe  co*t  at  placing  and  bending  thlB  ateal 
naa  om  foUowa: 

TotaL  Per  lb. 

Placlns    1172  0.2O  ct 

Bendinc   G2  O.Ot  ct. 

We  can  now  aununartoe  the  coat  of  tie  concrete  work  proper  Of 
thla  aewer   aa   follows: 

Cement,  aand  and  stone fS.fli 

G5  Iba.  steel,  at  2  cts... 
Formic  labor  and  i 


crets  labor. . 


Uovlng  forms   . . 
Total  labor  a 


O.OH    ( 


r  lb... 


0.0S 


V\f.   24. — Reinforced  Concrete  Sewer. 

To  set  the  total  coat  of  the  sewer  proper  we  must  add  the  oost  oC 
the  Tltrlfled  brick  Invert  pavlDg.  There  were  71  cu.  yds.  of  thl< 
paving  and  Ua  coat  waa  aa  follows : 

0.6     bbls.   cement,   at  H.SO '.^M 

0.2|[  ou.  yd.  aand,  at  76   oti, 0.19 

4G0  bricks,  at  tl2  per  M 6.40 

X«bOr  larlnx.  71  cU.  yds.,  at  f  180.(3 2.G1 

Total     (9.21 

None  of  the  preceding  (iKures  Include  llie  plant  charges.  The 
plant  co»t  112.000,  and  the  coat  of  running  It  during  the  work  de- 
scribed waa  12,000.  Thla  plant  will,  of  course,  serve  tor  the  whole 
woilc  under  contract. 

CMt  of  a  .Reinforced  Concrete  Sawer.— Ur.  Wm.  Q.  Taylor  Is 
authority  for  the  follawlns  data. 

The  aewer  had  the  aectlon  shown  by  Flft  M  i  it  was  oimetracted 
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o(  I:  TH  eoDcrttte  mixed  to  a  mushy  conolatency  u>lnK  the  forms 
diowD  by  the  UluBtration.  The  reinforcement  wss  ot  twtated  steel 
rods  for  parts  of  the  work  and  o(  expanded  metale  for  parts. 
When  rod  reinforcement  was  used  It  was  bent  on  tbo  bank  and 
erected  In  case  form  In  the  trench.  The  inv«rt  section  was  built 
as  the  first  operation  and  the  forms  erected  on  It.  The  first  cost 
of  the  forms  shown  was  fl,80  per  lln.  fL  of  sewer  and  the  cost 
ot  maintenance  was  about  li  eta  per  lln.  ft..  Including  depreciation 
«0d  Hxed  chargea  PetroUne  was  used  to  groase  the  forms  and  was 
found  «up«rior  to  soft  soap  or  to  both  light  and  dark  mineral  oils 
Which  were  also  tried.  The  concrete  was  depoaltod  In  level  layers 
<  1ns.  thick.  The  normal  cost  per  lineal  foot  and  per  cubic  yard  oC 
the  sewer  was  as  follows ; 

Uaterlaja:  Parlin.n.    P«rcii.7d. 

Reinforcement  Wi  Iba  per  Un.  ft) t0.4S  11.11 

Cement  (0.482  bbl.  per  lln.  ft),  at  I1.S3..    0.74  S.OO 

Sand   (O.IT  cu.  yd.  per  lln.  ft),  at  fO.SO..   0.09  0.S4  ' 

Stone  (0.43G  cu.  yd.  per  lin.  fL),  at  tl.lO 


and^  placing    reinforcement t1U4  t0.3S 

iHxing  c 


Total    I1.T3  t^.t^ 

Making   a , „ 

Operation    of   forms. . 

-  - u.au  u.Bi 

0.27  0.7S 

Screedlng  and   nnlshlng   Invert O.OS  0.2S 

Finishing  Interior  surface O.DI  O.OS 

Bprlnkllng  and   wetting 0.02  O.OS 

Total     lO.OB  t2.6S 

Oflneral  charges: 

Interior  forma,  cona  and  maint tO.l)  tO.tt 

Bxterlor  forms,  cona  and  malnL O.OG  0.14 

Contlne  oil  tor  forms 0.01  0.03 

Cement,  storage,  handling  and  cartage 0.08  0.i2 

Total t.2e  10.71 

Grand    total K.»J  18.04 

In  reference  to  these  figures  It  should  be  noted  that,  as  several 
contractors  did  the  work,  these  are  the  composite  costa  They  In- 
clude a  foreman  at  60  eta,  a  gub-foremon  at  IS  eta,  common  labor 
at  ITA  eta,  and  teams  at  60  eta.  per  hour.  No  admlAlstTatton  ex- 
panses or  contractor's  profit  ore  Included. 

Cost  or  Concrete  Sewers,  Richmond,  Ind. — From  a  long  and  In- 
structive article  br  Mr.  Fred  "R.  Charles.  In  BnalnfeHnB-ContraeNna, 
Dec.  20,  1909,  the  following  Is  an  abstract: 

CoKorete  Pipes.— Fifty- two-Inch  was  the  largest  sIm  uaed  In 
concrete  pipe.  This  was  made  according  to  the  "SheetiT  system.  In 
which  expanded  metal  Is  used  for  reinforcement;  thickness  of  Shell 
Is  1 1/12  Ins.  per  foot  diameter;  24  Ins.  pipe  made  In  Sfi  ft,  and 
larger  sizes  In  3-fL  lengtha  Pipe  Is  made  In  a  mold  consisting  of 
an  outer  steel  casing  and  an  Inner  coUapsIblB  shell.  The  pipe 
rests  on  the  end  upon  a  pallet,  and  each  end  Is  formed  by  a  Aaping 
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ring,  w  that  It  ia  notched  or  rabbeted  through  half  the  thlcbneu 
or  tbe  aliell.  on  the  outside  tor  one-halT  the  circiunlerence,  and 
on  Uwlnalde  for  the  other  half  circumference.  The  pipes  are  laid 
MO  aa  to  form  a  groove  at  the  joint,  comlns  on  the  Interior  for  the 
lower  bolt  and  on  the  exterior  of  the  upper  half,  wbereb?  the 
mortar  la  alwaya  plastered  downward  In  cementing  the  Joint. 
Fbr  >'°"i1M"K  and  placing  In  tbe  trench  a  tripod  or  beam  derrick 
Is  needed  with  a  block  and  tackle  or  chain  holn,  as  tbe  waiBtat  1> 
considerable.  Our  averase  cost  to  lay  theso  pipes,  including  plas- 
terlny  the  Joints,  was  for  IS-In.,  tO.083 ;  tO-ln.,  tO.OS;  a4-ln.,  |0.0E3 
p«r  tin.  fL 

MonoUthio  CoHcrrte. — Another  sewer,  E4  tns.  In  diameter,  was 
bnilt  fn  horae-shoe  shape,  seml-circnlar  arch,  vertical  sides  and 
iMttom  sliKfatly  V  shaped.  It  was  In  an  open  ditch  or  water  course, 
■0  naarlr  all  except  tbe  flow  line  was  above  ground,  and  outalde 
forms  were  necessary.  In  the  absence  of  the  tr«nch  volli^  to  bold 
the  concreta  First  the  bottom  waa  laid  as  in  sldewalkB,  and  the 
vertical  sides  run  up  to  tbe  spring  line  with  ordinary  plank  Inner 
and  outer  forma,  the  expanded  metal  reinforcement  having  been 
bent  and  placed  as  I>efore,  with  plentyof  lap  at  the  spring  line.  The 
arch  was  put  on  with  a  semi -circular  "Blaw"  form.  On  hII  these 
monolithlo  Jobs  the  average  labor  hours  per  linear  foot  for  the 
dllfereDt  operations  of  conatnicting  the  sewer,  using  "Blaw"  forma 
and  oxpended  m«t«l  retaforcement.  Is  given  In  the  following  table. 
Knowing  the  wages  paid  labor  per  hour  and  tbe  price  Of  materiala, 
thia  will  be  some  gnlda  to  tbe  ooat  in  otbar  plocea: 

labor  hours 
per  Un.  ft 

Placing  flow  tine 0.48 

Setting  invert  fomu O.EO 

Concreting   Invert 0.44 

Setting  arch  forms O.St 

Concreting  arch 0.39 

For  the  lower  half  of  the  sewer  the  concrete  should  be  very  wet, 
BO  that  It  will  flow  freely  around  and  under  Ihe  forms ;  for  th» 
arch  not  so  much  water  must  be  used ;  only  enough  to  show  qulto 
perceptibly  when  concrete  Is  tamped,  as  the  concrete  must  have 
BUlOclent  consistency  to  retain  its  position  and  not  run  off  the 
arch;  for  the  flow  line  the  proper  consiBtencr  is  between  the  two. 
At  first,  house  connecttona  were  provided  tor  hy  building  In  ordinary 
vltTlfled  slants  or  thimbles,  but  the  QangeB  of  these  were  freQuently 
brofcen  by  falling  rock  and  otherwise,  so  a  change  waa  made  and 
an  opening  left  In  the  concrete  shell  by  means  of  a  Bpecial  form  or 
core,  devlaed  by  Ur.  D.  B.  Davis.  Inspector  on  the  work.  This 
compriaed  two  circular  blocks  of  hard  wood,  nailed  together ;  ona 
8  ln«.  Id  diameter  and  1  Ins.  thick,  tbe  other  6  Ins.  In  diameter  and 
t  In*,  thick.  Inserted  In  the  concrete  this  left  a  good  flange  to 
receive  tbe  end  of  the  fi-in.  house  connection  pipe,  and  waa  ex- 
tr«nely  Inexpensive,  two  of  these  blocks  lasting  for  the  whole  sea- 
son.   Th*  average  coat  Of  thIa  work  was  as  follows: 
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For  G4-ln.  aetrer,  E-ln.  ahell,  rib  metal  10  ft: 

Per  llD.  ft 

Cement,  0.34T  bbL  at  tl.SS %tl.tU 

Onvel  at  |0.80 O.J«0 

Hlb  metal O.JO 

Forme   (cost  of) O.ltS 

Labor,  10  oI«.  F«  hour ■   O-MB 

Total   coat.   excIuelTe   of  machine  end    niper- 

InteodeDce fl.Mt 

For  tS-ln.  seirer,  E-ln.  eh«II,  rib  metal  9  ft: 

Cement,  O.ZB  bbL  at  |1.» lO.tIt 

Oravel  at  |0,80 M« 

Rib    metal 9M 

Forma    O.llB 

Labor.  10  eta.  par  hour ■   O.lg* 

Total ll.OU 

For  4i-ln.  Mwer,  <-ln.  ahell,  rib  metal  8  ft; 

Cement.  0,20  bbL  at  I1.Z6 |«.» 

Gravel  at  |0.80 0.118 

Rib  metal O.It 

Forma    O.llS 

Labor  at  SO  eta.  per  hour O.ISB 

Total   cost.   exclUHlve  of   machine  and   auper- 
iDtendence lo.lll 

Farms  were  made  by  the  Adjustable  Steel  Ceaterini  Co.,  C  ft 
Iddk,  and  6  section*  were  used,  whlcli  make  S5  ft  of  sewer,  allow- 
ing [or  the  neceaeary  lap.  These  forms  are  especially  well  adaptsd 
to  large  sewer  work,  owing  to  the  accessibility  of  all  the  parts, 
which  renders  them  easy  and  inexpensive  to  handle.  They  are 
made  o(  sheet  steel  with  steel  rlba  on  the  Inalde  at  each  end. 
Theae  ribs  are  collapsed  by  especially  made  "collapaerB" ;  forms 
then  set  In  place. 

Cast  of  Making  Blocks  for  a  Concrst*  8awer^-At  Coldwater, 
Hlch.,  In  I»01,  there  was  built  a  concrete  sewer  with  a  monoUlhlc 
Invert  and  an  arch  of  concrete  blocks.  RlKgs  Jk  Sheridan,  of  To- 
ledo, O..,  deslcned  the  sewer,  and  H.  V.  Oltford.  Of  Bradner,  O^ 
was  In  charge  of  construction. 

The  sewer  was  circular,  having  an  Inner  diameter  of  <I  Ins.,  tbe 
thlcknesa  of  the  Invert  and  the  arch  alike  was  8  Ins.  The  con- 
crete waa  1  of  Portland  cement  to  t  of  graveL  There  were  11  con- 
crete blocks  In  the  ring  of  the  arch,  each  block  being  S4  Ins.  long, 
a  Ina  thick,  B  Ina.  wide  on  the  outside  of  the  arch  and  6%  Ins.  wid* 
on  the  Inside  of  the  arch.  A  block  weighed  SO  Iba  which  was  too 
heavy  for  rapid  laying;  blocks  IB  Ina  long  would  have  bean  t>ettw. 
Some  8,600  blocks  were  made.  Molds  were  of  t-In.  lumber,  lined 
with  tin,  for  after  a  little  use  it  was  found  the  concrete  would  stick 
to  the  wood  when  the  mold  waa  removed.  The  four  sides  of  tha 
mold  formed  the  estradoit  the  Intrado^  and  the  two  ends  of  tb< 
block;  the  other  two  sides  being  left  open.  When  put  togethef 
the  mold  was  laid  upon  a  1-ln,  board,  lIxSO  Ina.,  r^nforced  by 
cleats  across  the  bottom.     TbB  aldoa  of  the  molda  vara  held  to- 
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(Other  with  acrewi  or  wedge  clamps.  When  tbe  blocks  had  Mt, 
Uie  Bldea  of  the  molds  were  removed,  and  the  blocks  were  left  od 
tti»  ISxtO-ln.  boards  for  I  days,  tben  piled  up,  being  watered 
aevenil  times  each  day  for  a  week. 

A  KaoK  o(  14  men  made  the  blocks;  2  screening  grmvel  through 
l-ln.  mesh  screen :  4  mixing  concrete ;  4  mulders ;  3  shifting  and 
watering  blocks:  and  1  (oreman.  With  a.  little  practice  each 
molder  could  turn  out  17G  blocks  a  day :  and  since  each  block 
measured  %  cu.  tL,  the  output  of  the  14  men  was  19^  cu.  yda  a 
day.  Mr.  Glfford  Informs  me  that  the  wages  were  }1.E0  a  day  lor 
all  the  men.  except  the  foreman.  The  daily  wages  of  the  14 
men  w««  tZ2,  so  that  the  labor  of  making  the  hlocka  was  tl.lO 
per  cu.  yd. 

Bach  t>atch  of  concrete,  containing  >A  bbl.  of  Portland  cement 
costing  tl-35  per  bhl.,  made  IS  blocks,  (i  bbl.  per  cu.  yd.)  Since 
the  gravel  cost  nothing,  eicept  the  labor  of  screening  It  the  total 
cost  of  each  block  was  11  to  12  cts.,  which  includes  0.86  cent  for 
use  of  molds  and  mold  boards,  which  were  an  entire  loss.  At  12  eta 
per  block  the  coat  was  11.32   per  cu.  yd. 

The  contract  price  was  (3  per  iin.  ft.  of  this  sewer,  as  against 
a  bid  of  13.10  per  ft.   for  a  brick  sewer. 

When  the  trenching  had  reached  to  the  level  ot  the  top  of  the 
Invert,  two  rows  of  slakes  were  'riven  In  the  bottom,  stakes  being 
6  ft  apart  In  each  row,  and  rows  being  a  distance  apart  K-ln. 
greater  than  the  outer  diameter  ot  the  sewer.  Those  stakes  were 
driven  to  suen  a  grade  that  the  top  of  a  2  x  4-ln.  cap  or  "runner" 
set  edgewise  on  top  ot  them  was  at  the  proper  grade  of  the  top 
of  the  Invert  The  excavation  for  the  invert  was  then  bwun  and 
finished  to  the  proper  curve  by  the  aid  of  a  templet  drawn  along 
tha  S  X  4-I11.  runners.  In  gravel  it  was  Impossible  to  hold  the  true 
curve  of  the  Invert  bottom.  Concrete  was  then  placed  for  the 
Invert  To  hold  up  the  sides  of  the  Invert  concrete,  a  board  served 
aa  a  support  for  the  Insldes.  but  regular  forms  were  more  satls- 
Csctory  in  every  respect  except  that  they  were  In  the  way  of  the 
workmen.  A  form  was  tried.  Its  length  being  B  ft  It  was  built 
like  the  center  for  an  arch,  except  that  the  sheeting  was  omitted 
on  the  lower  part  of  the  Invert  It  was  suspended  from  cross-pieces 
resting  on  the  "runners"  After  the  concrete  had  been  rounded  In 
place,  the  form  was  removed  and  the  Invert  trued  up.  This  form 
worked  well  In  soil  that  could  be  excavated  a  number  ot  feet 
ahead,  so  that  the  forms  could  be  drawn  ahead  Instead  of  having  to 
be  lifted  out ;  but  In  soil,  where  the  concreting  must  Immediately 
follow  the  excavation  for  the  invert  the  form  is  in  the  way.  The 
Invert  was  trued  up  by  drawing  along  the  runners  a  semicircular 
templet  having  n  radius  of  21 W  Ins.  Then  a  W-ln.  coat  of  1 :  2 
niortar  was  roughly  troweled  on  the  green  concrete.  Another  tem- 
plet having  a  21'In.  radius  was  then  drawn  along  the  runners  to 
flnlsh  the  Invert 
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the  U  part  belne  lime  paste.  The  lime  made  Um  mortw  more 
plastic  and  easier  to  trowel  Then  the  form  for  the  arch  waa 
placed,  and  as  each  S-fl  aectioa  of  the  arch  was  built,  a.  grout  ot 
1 ;  1  mortar  was  poured  over  the  top  to  fill  the  Joints.  Elarth  w>s 
thrown  on  each  shoulder  and  tamped,  and  the  ceuler  moved  ahead. 
Common  laborers  were  used  tor  all  the  Invert  work,  except  the 
plasterlnfc,  which  was  done  by  masons  who  were  paid  SO  ets.  per  hr. 
Masons  were  also  used  to  lay  the  concrete  blocks  In  the  arch.  Hr. 
QlSord  states  that  two  maeons  would  lay  at  the  rate  of  100  Iln.  tt 
of  arch  per  day.  If  enough  Invert  were  prepared  In  advance.  As 
there  were  11  blodte  In  the  rltig  of  the  arch,  this  rate  would  be 
equivalent  to  T!ii  cu.  yds.  of  arch  laid  per  mason  per  day. 

Cost  ef  Concrete  8<wer  Btocki — The  cost  of  molding  severtU 
thousand  concrete  blocks  to  be  used  In  sewer  construction  at 
Halifax,  N.  8.,  Is  given  In  the  "Canadian  £:nKlneer,"  Croro  which 
we  rearrange  and  further  analyze  the  figures  as  follows: 

The  work  Involved  the  mixing  and  molding  o(  366.SS  cu.  yda. 
of  concrete  In  1,341  batches  of  T.IT  cu.  fL  each.  The  cost  Ot 
the  moldad  blocks  was  as  follows : 

TotaL 

5,0GO  hra  tabor,  at  IE  to  24  cts *    SSS.TC 

1,733  buBhelB  cement,  at  80  cts. "  ""  " 

2,850  bushels  sand,    at  S   cts. 

I  bushels  gravel,  at  (  eta.. 


i.SU  bushels  stone,  at  T  eta 37e. 


Per  cu.  ft. 
lO.OgT 
0.144 
0.017 
0.014 
0.038 
83  0.0028 

8S  0.OD18 

".0060 


Coiil    

Total     J3,O0S.S0  lO.JOSB 

The  cost  of  the  blocks  complete  was  thus  SI  cts.  per  cu.  ft.  or 
18,37  per  cu.  yd.  This  cost  Includes  cleaning  molds,  moving  and 
storing  blocks  and  all  expenses  Incident  to  the  cost  of  manufactura 
except  the  cost  ot  the  water  used. 

Cost  ot  Concrete  Block  Manholes.— Mr.  Hugh  C.  Baker,  Jr., 
glvCB  the  following: 

The  cost  of  making  concrete  block  manholes  at  Rye,  N.  T.,  wa> 
as  follows  per  manhole: 

30  blocks  tor  walls,  2.E  cu.  yd.  of  1:2:B  concrete Ifl.OO 

S  blocks  for  cover,  H  cu.  yd.  reinforced  concrete 4.tT 

I-bpama  tor  cover  tn  place 6.40 

Supervision,  freight  and  hauling,   5.6  tons  concrete, .      S.S8 

3  bra  labor  placing  covpr,  at  15  eta 0.45 

30  hrs.  labor  placing  walls,  at  16  cts. 3.00 

Total  per  manhole,  exclusive  of  Iron  cover t43.E0 

Bach  manhole  was  5  (t.  deep  Inside,  B-ln.  walls.  5  ft  In  diameter. 
All  concrete  was  hand-mixed,  very  wet,  K-'n.  stone  being  used.  A 
set  ot  30  wooden  molds  for  the  wall  blocks  was  made.  These 
molds  cost  from  t3.&0  to  tl2  each;  some  being  made  of  hard  wood 
lined  with  line.  In  making  the  blocks  4  men  averaged  It  wall 
blocks  a  day  of  abotft  Z%  cu.  ft.  each,  which  Is  equivalent  to  0.84 
cu.  yd.  per  man  per  day.     The  concrete  was  allowed  to  est  S  to  IS 
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hrs.  befors  removing  the  molda;  24  Co  3B  hrs.  before  taking  the 
bloclCB  outside  to  i3ry,  aod  7  daya  before  BhlpplDg  Che  blocks.  About 
1,000  blocks  were  made  and  only  9  lost  by  breaklDK' 

For  comparison  It  Is  well  to  e^ve  Che  cost  of  brick  manboles,  as 
follows; 

1,4E0    brick,    at    18.26    per   M fll 


46  t\ 


:  at  1 


cts... 


6.00 


4  bblK   ceroenC,   at   fl.25.. 


ThlB  brick  manhole  had  a  flat 


hole! 


Eitlmatlno  the  Coit  of  Manholes  from  a  Diagram. — This  dia- 
sram  and  cbe  description  of  lis  use  were  given  by  Mr.  John  Wilson, 
In  Enifineering-Contracting,  Dec.   S.  190S. 

Herewith  Is  given  a.  diagram  (Fig.  25}  for  estimating  the  quanti- 
ties ol  materials  In  manholes ;  and,  at  given  prices  of  materials  and 
labor,  the  cost  of  the  manhole  can  likewise  be  ascertained.  The 
diagram  shown   Is  (or  a  4-ft.  manhole. 

Having  the  depth  of  the  manhole  given,  the  number  of  brick,  the 
amount  of  sand,  cement,  mortar,  the  cost  of  labor,  and  total  cost  of 
manhole  complete,  plus  lb  per  cent  profit,  may  be  taken  from  the 
diagram. 

Thus  for  a  IB-ft.  manhole,  follow  the  vertical  lE-ft.  line  to  Inter- 
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section  with  brick  curve,  thence  horlzontallir  to  left  read  2,600. 
From  the  Intersections  Of  the  last  horizontal  line  with  the  sand. 
mortar  and  cement  curves,  respectively,  read  vertically  above  1-88 
cu,  yds.  of  sand,  2.22  cu.  yds.  of  mortar  and  4.S  barrels  of 
cement      To  ascertain  the  cost,   follow  the  vertical  16-fL   line  tram 

to  right,  cost  plus  IB  per  cent,  (64.  of  which  the  cost  o(  labor  alone 
la  $12.50.  as  shown   by  the  labor  curve 

The  curves  allow  for  a  double  layer  of  brick  In  the  bottom  and 
the  outside  of  Che  manhole  to  be  well  plastered.  It  Is  an  easy 
matter  to  draw  similar  curves  to  meet  local  conditions  and  tliuB 
secure  a  very  ready  method  of  making  estimates. 

A  Device  for  Bulldino  Circular  Manholes.*— We  Illustrate  here- 
with a  device  (Fig.  26)  for  use  In  bulldins  circular  manholes  hav- 
ing a  concrete  bottom  and  brick  walls.     The  device  was  deslsned 


Fig.  26.— Device  Used  in  Buildlns  a  Manhole. 

by   Mr.   Elmer  E.   Barnard.   Assistant   City  Engineer  of  Lynchburg, 
Va.,  and  has  been  In  use  In  the  sewer  department  of  that  clly  for 

While  the  device  was  put  In  service  with  the  primary  object  o( 
getting  a  better  class  of  work,  yet  both  this  has  been  obtained  and 
the  cost  of  the  work  bus  also  been  decreased  quite  a  good  deal. 

Mr.  Barnard  informs  us  that,  using  the  device,  they  have  built 
two  iO-ft.  manholes  [n  ZVt  days,  two  men  at  HAD  per  day  each, 
and  one  man  at  {2.00  being  employed. 

Hence  the   labor  cost  of  each   manhole  was: 

2}4   days,    _at^^(1^40 J3.1B 


(2.00.. 
Total     t6.40 


_        'Engineering-Contracting,  SepL    19.   1S06. 
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It  hac  be«n  found  that  en  a  srMem  where  a,  largs  number  of 
manlu>lM  are  to  be  tnaUtlled.  they  can  be  bulll  In  much  leM  time 
than  tb*  Osuree  gtven  above,  owing  to  the  fact  that  the  concrete 
bottom*  can  be  put  In  before  the  brIclilayerB  have  sottan  up  to  tbe 

Coat  of  «  Concrete  Manhole.— The  following  Ogurea  of  tbe  cost 
of  co&atmctlng:  a  concrete  manhole  are  rearranged  from  the  "Cana- 
dian £!iislneer."  Tlie  coustructJon  of  the  manhole  Ib  clearly  ahown 
by  the  aooompAnylnK  ihetcta  (Fig.  37).  About  the  only  point  that 
need  be  noted  it  that  the  form  lumber  waa  ao  cut  up  that  It  could 
not  be  lued  asaln  and  Ita  total  coat  la  therefore  charged  agatnat  the 


work.     The  coata  were  : 
Crete  In  the  manhole : 
UaterialB : 


a  followa,  there  being  4.08  c 


Total  materlala   IM.OO 

Labor: 
Forma.  TO  hra.,  at  WA  eta t22.7G 

Ulxlng  and  placing  concrete: 
IS  hra,  at  S2H  eta. t  2.9Z 


t  0.71 


Total   labor    iZ6.S7  «  8.28 

Total    labor   and   materlala UV.ei  $12.16 

Ca«t  of  Brick  Ma>ihole«.-^he  walla  of  brick  manbolea  are  gen- 
erally 8  Ins.  thick  up  to  12  ft.  In  depth,  and  12  Ina  thick  below. 
The  croaa-aection  of  manholea  la  usually  elliptical,  3  ft  x  4  H  ft.,  up 
to  the  nach  of  the  manhole  which  la  circular  and  narrawa  down  to 
about  24  Ina  In  diameter.  The  caat-lron  ring  and  cast-Iron  oover 
weigh  from  S7E  Iba  to  650  II>a,  the  lighter  weight  being  uaed  In 
vlUaga  Btreeta  A  common  weight  for  use  In  cities  la  476  Iba  These 
-manbole  head^'  are  carried  In  stock  by  maoufocturara  of  aewer 
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plp«k   and  are   llit*d   In    their   catalogueo.      Tha   followLnc   li   tba 
actual  cost  of  a  numbole  built  by  day  labor  (or  a  WeaLam  city : 
1,000  brick,  at  16 (12.00 

«B-lb.    T\ns  and   cover,   at   2    eta. 0.60 

2%  bblB.  Lioulsvllle  cement,  at  T5  eta 3.00 

1  cu.   yd.   sand   1.60 

tt  hra  bricklayer,  at  SB  cts. 13.20 

24  bra  helper,  at  18  K   eta 4.G0 

TotaJ     »4S.70 

It  win  be  noted  that  the  masoD  averased  leaa  tban  740  brtcka  per 
8-br,  day,  whlcb  ladlcatea  that  be  reallaed  that  he  waa  workhiK  for 
'  a  city  and  not  for  an  IndlvlduaL  However,  onall  job*  Uke  manholtt 
work  are  apt  not  to  be  handled  with  rapidity.  Consult,  for  com- 
parison, other  data.    Sec  "Manhole"  and  "Vault"  In  the  index. 

Coat  of  a  Brick  Manhole,  Fluih  Tank  and  Laylnu  Pipe  Saiwer.*~> 
The  followlUE  data  relate  to  the  construction  of  a  brick  manhole^ 
a  brick  ttuBh  tank,  and  the  laylns  of  a  seotlon  of  aanltary  aewer  ac 
Columbue,  Uaaa.    The  work  was  constructed  by  day  labor. 

Slick  Manlmlt. — Tlie  manhole  waa  4  ft  in  diameter  and  t\t  fL 
deep;   It  waa  of  the  "chum  pattern."    Its  coat  was  as  follows: 

1,000   hard   brick,    at    |S.SD %  fl.EO 

7  Backs  Portland  cement,  at  GOc S.EO 

1  cu.  yd.  sand,  delivered  O.gS 

Ring  and  cover,  39e  iba,  at  12.40  per  100  iba 9.48 

S    step    Irons O.30 

Hauling  iron   0.20 

DlHlns   hole — fn   brick   clay i.!E 

FimK    0.7S 

Hason,  B  hour^  at  EE  eta 4.40 

Helper,  6  bours.  at  12^  eta I.OD 

Toua  actual  cost t2».tS 

BnKlneera^  estimate  of  cost 130.00 

Brick  Flu*K  Tank. — The  fluih  tank  was  4  ft  in  diameter  by  k. 
ft  deep.     Its  cost  was  as  follows : 

BSO    brick,    at    I0.60 t  4.11 

t  sacks  Portland  cement  at  EO  cte 4.Bt 

1  load  sand   CS 

1  load  eravel   I* 

nins  and  cover,   335  Iba,  at  12.10  per  100  Iba 8.1S 

6-ln.    automatic    syphon 11.10 

Freight    06 


DrayaKf 


A  pipe    60 

DlKSlng    and     tilling     (sand) l.tt 

Uason.  9  hours,  at  GE  eta 4.9S 

Helper,  0  hours,  at  12^   cts. l.Il 

Total   actual  cost IGO.GI 

Elnglneer'B  estimate  of  cost SO.OO 

Laying  finosr.— The  sewer  was  l.tlS  ft  long.  Of  8-ln.  terra  cotta 
pipe.  The  aewer  pipe  waa  furnished  by  the  city,  d^vered  on  the 
Job,  so  that  the  follawlns  iB  fhe  cost  of  laying  only. 

Pour  manholes  and  one  flush  tank  wore  aloo  conatrvetedl,  but 
these  were  paid  for  separately  and  their  cost  Is  hot  Inelnded  In  tha 

'Bngineerinff-ContracUng,  Juno  9,   1909. 
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flcuruk  Itbluir.  Tb«  average  d^th  of  the  tranch  was  S\k  tt  The 
work  was  completed  In  14  days  ot  10  houra  each.  The  coat  was 
as  followe; 

TotaL      Far  Un  ft. 
Ldbor,   l.flSSU   houra.  openLiiK  trench,  laying 

and  backflulaK  with  shovelB,  at  10  eta.  per 

hour    n«SJI        »0.H1B 

WlplDs  jolnU   (acting  loreman),   14S  boura, 

Bt    16    ctH, S1.4E  .0188 

Superlatendaaca,   14   dayo,  at  16 70.00  .04S4 

Cement,  12  oack^  aX  60  eta. e.CO  .0037 

Sand,  t  loRdi,  at  60  eta 1.60  .OOIO 


Total 


..ises.RO      io.ias 


We  are  Indebted  to  Charlsa  I4vn  Wood.  C  SL,  Columbus,  Maaa.. 
Cor  the  above   Information. 

Coat  of  Making  Csnient  Plpa, — Mr.  Arthur  S.  Bent  gives  the  fol- 
lowing data:  In  18BS  four  mllea  o(  2g-ln.  cement  pipe  were  laid 
tor  an  irrigation  aystem  In  Riverside  county,  California.  The  mor- 
tar was  mixed  by  hand  in  boiea  holding  H  cu.  yd.,  and  was  hoed 
over  3  times  dry  and  8  times  wet.  It  was  then  tamped  (IT-lb. 
tampera)  by  hand  Into  sheet  Iron  molds. 

The  pipe  was  38  Ina  In  diameter,  1^  Ins.  thick  and  In  3-It. 
lengths.  The  mixture  used  was  I  part  Portland  cement  and  SH 
parts  pit  gravel  and  sand.  During  the  twM  week's  work,  a  gang 
of  26  men  made  1  mile  of  pipe,  or  36  ft  per  tnatt  per  day,  or  IK 
CO.  yd&  of  concrete  per  man  per  day.  But  the  average  week'e 
work  was  H  mile  of  pipe  made  by  a  sang  of  tS  men,  or  17  lln.  ft, 
or  0.9  cu.  yd.  per  man  per  day.     The  laborers  received  12  and  up- 

Thla  pipe  line,  after  seven  years  of  use,  showed  DO  appreciable 
loss  of  water  In  Its  4  miles  of  length. 

The  Miracle  Pressed  Btone  Co.,  of  Minneapolis;  Minn.,  manufac- 
ture molds  tor  making  cement  tile  and  cement  aewer  pipe  with 
bell  enda  Their  catalogue  contains  the  data  given  In  the  follow- 
ing table: 

Coer  or  Cbukht  Pipi,  m  !-pt.  tavarBM. 

(Mortar,   1:S   mixture;  sand,  76  eta.  per  cu.  yi.;   cement,  12  per 

bbL:   labor,  12  per  day.) 

—Pipe,  2  ft  long.- 


^ 

im,  1, 

"" 

luue 

Tot  cost  Total 

Kindol 

Thick-  Cu.  ft 

Cost 

Coat  of 

Cost  of 

2-(t          COB 

S4'    £Si-Bnd. 

nesa  ofaand. 

of  sand. 

cement 

labor. 
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Com  of  C«m«nt  Pip*  S*w«r  «nd  Manholes  at  Brooklyn,  N.  V.— 
Tbo  (ollowlnK  records  of  the  methoda  and  cost  of  conatrucUns  s 
ti-in,  egs-ahaped  cement  pipe  aewer  fc  Butler  itreet,  Brooklyn, 
N.  T.,  were  fumlabed  br  Hr.  J.  J.  B.  I^iUarsh  and  publlahed  In 
Snai'teering-CoMracline,  Oct.  1.  UOS.  A  plan  and  profile  of  tlie 
•ewer  are  shown  In  l-'Ic.  28.,  which  gives  all  lengtha.  The  work 
Included  trenchlDK.  plpe-Iaylnx  and  tkadEflUlng,  manhole  coiutrufr- 
tion  and  catch  basin  construction. 

The  trench  had  aji  averaEe  depth  of  II  fL  and  was  opoied  ■  ft. 
wide  throuKhouL  For  the  drat  2  ft  the  soli  was  loam  and  for 
the  remainder  of  the  depth  It  was  xravel  and  sand.  Picks  were 
used.  The  tlmberlns  conslBted  of  1^  x  12-hi.  vertical  aheetlnK 
held  br  t  z  10-lnx  IS-ft.  rangera  asd  4-ln.  diameter  bars  I  ft.  Ions. 


.-^-^=^V^ 


JjL 


gi   la" 


FIb.   28. — Plan  and  Proflle  of  Sewer. 

The  sheetInK  naa  easily  placed,  as  the  bonk  stood  Until  dried  by  tb« 
sun.  On  the  lg-in.  pipe  curve  Into  Rogers  avenue  the  sheeting 
was  left  In  place,  but  all  the  other  timbering  was  removed. 

The  pipe  WBB  laid  on  a  foundation  plank  lUxIi  Ins.     It  was 
cement  pipe  manufactured  by  the  Wilson  ft  Balllle  Mfg,  Co.,  and 


il  form  shown  br  Fig:.  ZS. 
e  500  Iba  each, 
leg  derrick,  using  a  goose-neck  to  lower 
pipe  to  the  derrick  and  lowered  It  and  I 
the  trench  placed  It  Thei 
being  done  by  men  taken  t 
of  from  S  to  20  Iflnfttha.  as  the  proKress 
all  933  ft  of  21-ln.  pipe  were  actually  lal 
got  paid  for  9G1  ft :  the  dlCtereDce  of  3! 


ft  iMKths, 

'as  laid  with  a  three- 

>ur  men  handled  the 

len  In  the  bottom  of 

pipe  gang,  the  work 

the  trenchlnir  sanK  and  In  atretcbea 

'k  neceaaltated.    In 

although  the  contractor 

was  token  up  In  tlw 
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Turning  now   to  the  coat   o(   this  work  we   have  the  following 

Amounts  and  Coat  of  JfaieHoIs  Used. 

lg,BOO  brick,    at    J8.7S    t    161.876 

27   barrels  of  cement,  at  fl.35 36.4E0 

10  manhole  heads  and  covers,  at  f  11.00 110.000 

e,600  tt.  B.   M.  lumber,   at  118.60 40.760 

3  sets  granite  stones  for  basins,  at  136 lOS.OOO 

i  sets   blue   stones   for    basins,  at   f5> 15.000 

a  pans  and  hoods,  at  tO.SD 28.600 

833  ft.   21-in  pipe,  at   tl.43 1,834.1»0 

36  ft.  IB-ln.  pipe,  at  io.S5 30.000 

06  ft.  12>ln.  pipe,  at  (0.40 33.400 

Total  cost  of  materials 11,806.705 


Tig.  SO. — Cement  Pipe  for  3ew8r. 

Owing  to  the  method  of  doing  the  work  the  labor  coats  can  be 
011I7  pa.rtlall7  classlfled.  The  trenching,  sheeting,  pipe-laying  and 
backfllling  were  all  done  by  the  aame  gang,  the  men  changing 
from  one  Item  to  another,  as  occasion  demanded.  As  a  rule,  the 
whole  gang  was  worked  on  badcHlUng  from  4 :30  to  6  p.  m.  each 
day:    there  was  no  ramming. 

Of  the  6,500   ft.   B.  H.   of  lumt>er,   the   contractor  got  paid  tor 
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3.251}  ft  B.  M.,  leavlns  2,ZG0  rt  B.  H.  lOM  Crom  uw.  In  thIB  con- 
nectton  It  Bhoutd  be  noted  that  about  40  loads  of  sand  from  the  ex- 
cavation were  sold  by  the  contractor  at  2B  cto.  a  load,  or  a  total 
of  tlO. 

The  t«am  work  wan  moatlr  hauUns  brlclc  and  lumber;  the  outfit 
was  owned  by  the  contractor  end  with  driver  waB  estimated  to  cost 
tS.EO  per  day.    The  labor  thus  Is  Itemlied  as  follows: 

TretKhing,  Pipe-laying,  Timbering  and  Back/llUitff. 

Per  Un.  ft. 
Total.  CtB. 

One  toreman,  34  days,  at  13.50 |1IB  —  ---- 


One  boy,  317  days,  at  TG  cts. 23.77B 

One  bracer,  94  days,  at  |2.4n 8l.«oa 

lAbor,  A,   172. G  days,  at  (1.70. 


Labor,  B,  IS2.S  days,  at  H.tB 308.640  JO.SK 

Team  and  driver.   12  days,  at  fl.GO..,.      42.000  4.10 

Total    |8Sg.2«5  SS.'sZ 

These  flguras  per  foot  are  based  on  1,002  ft.  of  aewer,  namely, 
ess  ft.  S4-in„  36  ft  18-ln.,  and  33  ft.  12-ln.  sewer.  They  includa 
labor,  excavating  and  backfllUnK,  manholes  and  basins;  but  not  the 
mason's  labor.  With  a  trench  3  ft  Wide  and  12  ft  de^,  there  were 
1.33  cu.  yds.  of  trench  eicavatlon  per  lln.  ft ;  hence  the  excavation 
coat  55  cte.  per  cu.  yd. 

The  labor  for  ten  manholes  and  three  baslna  was  as  follows: 

Uason.  12.4  days,  at  t^ t   8S.80 

Uason'a  helper.  12.4  days,  at  (2.10 26.04 

Total   |Iia.84 

The  actual  coat  of  one  sewer  basin  was  as  follows: 
Sewer  Batin. 
Materials : 
1  set  eranlte    ''S'"! 


Total  materials  f 7».80 

5  men,  1  day,  excavating  and  backfllling,  at  tl.TD. . .  -t  ISO 

1  maaan.  1  day.  at  tT T.OO 

t  helper,  1  day,  at  12.10 S.IO 


The  manholes  were  3  x  4  ft  of  brick  masonry.    The  actual  cost  of 
one  manhole  was  as  follows : 

Manhole, 

I  head  and  cover 111.00 

1,«00   brlclc.  at   $8.50 IS.OO 

IH  barrels  cement  at  |1.3G t.4t 

1  day  mason,  at  tf 7.09 

1  day  helper,  at  $2.10 t.lO 

Total »M.7S 
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From  the  preceding  flEurea  the  total  coat  of  the  work  may  t>e 
aummajrlied  as  followa: 

Materlala   tl,906.T65 

Labor    981.106 

Total     12,887.870 

Deduct   Band    10.000 

Total   *2,877.870 

In  thlB  total  there  Is  no  wear  on  toola,  Intereat  on  money  Invested, 
oil  for  10  lantema,  or  itayment  on  bond  Included.  There  was  no 
iDBurance  on  meo. 

Coat  o[  ConitructJuB  Cement  PJpe  In  Plaes-*— The  method  of 
making  cement  pipe  [n  place,  which  will  be  briefly  described  In  this 
article,  la  an  Invention  of  Mr.   Ernest  I^  Ransome. 

A  ahort  stretch  of  S-ln.  pipe  was  built  at  the  rate  o(  1  Iln.  It. 
per  minute  by  alx  men  and  a  (oreraan.  The  men  ware  working 
with  great  energy,  and  the  records  show  that  they  actually  aver- 
aged   about    half    this    rate,    their    average    being    300    Iln.    ft.    per 

As  Shown  in  Fig.  30,  three  men  work  In  the  trench,  one  of  the 
men  packing  the  cement  mortar  In  the  mold,  one  contlnuoualy 
pulling  the  mold  ahead  by  means  of  the  lever  and  the  third  filling 
around  the  green  pipe  with  earth.  The  other  three  men  mix 
mortar  and  deliver  It  into  the  trench. 

Before  giving  the  coat  of  this  pipe,  a  word  as  to  the  method  of 
'construction : 

The  mold.  Fig.  31,  la  made  of  aheet  ateel  with  an  Inner  core  ID  fL 
long.  The  front  end  of  this  core  la  surrounded  by  a  abort  steel 
ohell  that  serves  aa  the  outer  form  tor  the  cement  pipe.  The  mortar 
tor  the  pipe  Is  packed  In  between  the  Inner  core  and  this  outer 
lAell  by  a  man  who  uses  a  small  wooden  ranuner  for  the  purpose  as 
•hown  In  Fig.  30.  Th*  man  standing  In  the  foreground  keeps  mov- 
ing the  mold  forward  slowly  by  means  of  the  lever  graaved  In  the 
right  hand.  This  lever  Is  provided  with  a  dog  that  worka  In  a 
ratchet  and  thua  rotates  a  small  drum  upon  which  a  wire  rope  Is 
woond.  The  wire  rope  Is  anchored  Into  a  deadman  in  the  trench 
ahead.  Aa  the  mold  la  thus  moved  forward  It  leaves  behind  It  the 
cement  pipe  which  Is  stUI  green.  The  cement  mortar,  however,  Is 
mixed  with,  a  small  amount  of  water  so  that  It  possesoes  suSlclent 
eohsslon  to  hold  together  when  unsupported  by  the  core.  To  pro- 
tect the  pipe  until  It  hardena.  It  has  been  found  advisable  to  pack  a 
little  earth  around  Its  sides  and  over  the  top ;  this  Is  dons  by  the 
third  man  in  the  trench,  and  he  does  this  backfilling  upon  the  part 
of  the  pipe  that  Is  still  supported  by  the  core. 

In  verbally  describing  thla  feature  of  the  construction  two  <lues- 
tlons  have  Invariably  been  aaked ; 

1.  Doesn't  the  pipe  cave  In  aocaslonally,  especially  when  It  Is 
of  large  diameter? 

2.  How  are  braoehea  put  In? 

'BlteinegHng-ContTaottHSli  March,  19011. 


r 
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FlK-   3a. — Ronaome  Cement  Pipe  Hold  In  Tranolk 


"^ 


SEIVERS.  CONDUITS  AND  DRAINS.  933 

Ansirerlag  Um  flrM  quMtlon,  Ur.  Ranw>me  nra  that  cavlns  doea 
QOt  occur  oi:c«pt  when  Boma  hasvy  oIiJ«ct  falla  upon  the  plp«  betore 
th«  cement  has  hardened.  The  pipe  doe*  not  break  down  of  Ita  own 
welBht  even  when  made  three  feet  Id  diameter. 

To  put  In  a  branch  a  hole  te  cut  In  the  aide  of  the  "sreen"  pipe- 
before  the  core  has  been  pulled  ahead.  A  bmnch  of  the  proper 
pattera  la  ahoved  up  tightly  a«alnat  the  pipe  and  the  collar  of  the 
bnuich  la  plaatered  with  cement  mortar,  producing  a  stroug  watM^ 
tight  Joint. 

ne  followjng  waa  the  ttemlied  coat  of  an  l-ln.  cement  plpt^  built 
a«  before  described,  at  Despatch,  N.  Y.: 

.t  (l.TO  per  day,  10  hours tl0.20 


1  foreman    . 


1  hbla.   I 


>.3  c 


t.    tl-2i.. 


Total  for  300  lln.  ft... 


s.«o 
a.T5 


Fig.  SI. — Sanaome  Cement  Pipe  Hold. 

Thla  la  equivalent  to  6.tS  eta  per  lln.  ft.  of  pipe.  It  should  be 
added  that  the  shell  of  this  particular  8-in,  cement  pipe  was  made 
nnuBUatly  heavy,  being  1^  Ina  thick. 

Od  another  stretch  of  12-ln.  pipe  the  cost  was  as  follows; 

7  men,   at   ll.TO Ill.sf' 

1  toreotan    i.tO 

11  bbls.  cement,  at  tt.SS 17.30 

12  cu.  yda  floe  gravel,  at  BS  eta 0.(0 

Total  for  100  tt  ot  pipe f 41.00 

nds  la  equivalent  to  10)4  cts.  per  ft.  In  none  of  these  caaea  ia 
tha  coat  of  digging  the  trench  Included  In  the  labor  Item,  for  that 
coat  la  common  to  all  klnda  of  pipe  sewera  However,  due  to  the 
tact  that  there  are  no  bella  on  the  cement  pipe  and  no  Joints  to  be 
made,  the  trench  can  be  dug  about  0  Ina  narrower  tiian  where  vitri- 
fied pipe  is  used,  thus  effecting  considerable  saving  In  the  coat  ot 
•xcavatlon. 

It  was  noted  that  In  building  the  S-tn.  pipe  the  men  In  the  trench 
were  capable  of  putting  In  pipes  at  the  rate  ot  1  tin.  ft.  per  minute. 
Wblch  was  Just  about  twice  what  they  averaged  tor  the  whole  Job. 
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Tbe  speod  depends  very  larKelf  upoa  the  nuui  who  la  packing  the 
morta.r  into  the  mold,  mnd  as  this  is  bard  work.  It  vould  be  ad- 
TU»ble  to  let  him  chaoKe  places  frequently  with  the  num  who  works 
the  lever  that  pulls  the  mold  ahead.  By  having  two  Strang  and 
willing  mea  In  these  positions.  It  la  believed  that  GOO  lln.  tt  ot  S-ln. 
pipe  could  be  built  In  10  hours,  day  tn  and  day  out. 

The  molds  for  makins  this  pipe  are  made  by  the  Ransome  Inter- 
national Conduit  Co.,  II  Broadway,  New  York  City. 

Coat  of  Cleaning  a  Larg*  Brick  Sawer.— Mr.  Frederick  "L.  Ford 
Klvea  the  tollowlDK.  relating  to  work  done  In  Hartford,  Conn.,  In 
190S. 

The  Franklin  avenue  sewer  cleaned  cottalats  ot  a.ZII  lln.  ft.  of 
circular  brick  sewer,  6,128  ft.  of  which  Is  e  fL  Inside  diameter  i 
2.2iG  ft  4  tu  and  I.BIS  fL  S  ft.  inside  diameter.  This  eewer  was 
built  In  1ST2'T3,  at  a  cost  of  about  flGO.OOO,  and  drains  a  district 
containing  about  1,187  acrea  It  has  never  been  thoroughly  cleaned 
since  It  was  built  The  sewers  which  discharge  Into  this  trunk 
aewer  vary  from  S  Ina  to  S  ft  In  diameter,  and  have  p^des  rang- 
ing from  O.G  to  6.0  ft  per  hundred.  The  <-ft  Franklin  avenue  sewer 
has  a  grade  of  2  ft  per  l.ODO,  and  the  1  and  S-ft  sections  a  grade 
of  S  ft  per  1.000. 

Tbe  flrst  work  done  was  a  thorough  Inspection  of  the  sewer  to 
determine  the  location  and  amount  of  the  deposits.  In  the  S-ft 
aewer  this  was  an  easy  task  with  lanterns,  and  the  ntalerial  was 
found  only  in  patches  on  the  bottom,  averaging  from  0  ins.  to  a 
foot  Aaep  and  from  SO  to  150  ft  In  length,  located  asually  Just  below 
where    some    large    tributary    aewer    entered    the    Franklin    avenue 

It  was  impossible  to  make  a  thorough  advance  tnapecilon  of  elthar 
the  4  or  3-ft  section*  ot  the  sewer,  as  the  manholes  were,  as 
originally  built,  sometimes  1,000  tt.  apart  and  the  ventilation  ao  bad 
that  we  found  It  suffocating  and  too  dangerous  to  enter  either  for 
any  great  distance  from  any  manhola 

The  deposits  in  the  3-ft  sewer  were  found,  upon  opening  the 
aewer.  to  average  about  1  ft  In  depth  and  the  ordinary  sewace, 
about  6  to  8  Ina.  was  running  on  top  of  It,  so  there  was  little 
available  working  space  left 

The  cleaning  was  done  by  a  contractor  on  a  percentage  basis 
<16%).  The  laborers  received  (2  a  day,  and  their  foreman  received 
f  16  per  week. 

Before  commencing  the  cleaning,  manholes  were  built  where  nec< 
easary.  so  that  they  are  now  not  more  than  300  ft  apart,  and  oft«n 
less  on  the  smaller  slsea 

In  cleaning,  the  force  was  organized  In  small  gangs,  which  oould 
work  to  advantage ;  two  starting  at  a  manhole  and  working  In  ot>- 
poslte  directions  until  they  met  the  men  coming  in  the  i^iposite 
direction. 

In  the  B  and  4-tt  sections,  wheelbarrows  were  used  to  convey  tha 
material  to  the  nearest  manhole,  where  It  was  hauled  up  and   rs- 
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moved  Id  eatia,  each  holding  1  en.  yd.    In  the  S-ft.  •ewer  tbe  meD 
used  iwlli  to  remove  the  depoalt 

Tbe  remit  of  the  wotIc  wa*  oe  follow*; 

Diam.  aewer.                      Length.    Load*.  Coat 

<-fL S,12Sft          107  I    S8T.be 

1   ft.   2.2SSft            61  £43.80 

S-ft. l.»ie  ft.          lOT  4S0.38 

Total  'oiiils'fL        *7S        ti.a»T.It 

The  averase  coat  per  load  (coble  yard)  on  9,tt3  ft  of  a«wer  wna 
f  1.99,  and  tbe  avenge  coat  per  lineal  foot  waa  tO.llS. 

Sla«  of  aewer,  ft t  4  ) 

Coat  per  load fs.es  |8.0>  |4.36 

Coat  per  foot O.OTE  0.109  0.143 

The  O-ft.  aewer  waa  cleaned  In  T  daya.  The  total  time  on  thia 
work,  IndudlnK  foreman  and  team,  waa  1.E93  houra  Thla  la 
«qulvalent  to  12.7  men  worktnc  ID  houra  a  day  for  T  daya. 

The  4-(t.  aewer  waa  cleaned  In  4  daya.  The  total  time  waa  1,000 
bour^  equal  to  26  men  employed  10  houra  a  day  for  4  days. 

Tbe  3-fL  aewer  waa  cleaned  In  II  day*.  The  Ume  occupied  was 
2.01>  hour^  or  an  average  of  lE.t  men,  working  10  houra  a  day 
Cor  13  daya. 

The  averace  dlatance  cleaned  by  «ach  man  per  day  on  the  t-ft. 
sewer  waa  32  It.;  on  the  4-ft.  aewer,  33  ft.,  and  on  tbe  S-ft 
«awer,   B  ft. 

Tbe  total  coat  of  the  work.  Includlnc  manholes  built,  waa 
91,39G.47,  of  which  15%  waa  paid  to  Ur.  Charlea  H,  Slocomb,  who 
f  umlahed  the  labor  and  materlala  and  auperlntended  the  work. 

Coat  of  Cleaning  Sewtra  and  Catchbaalna. — The  following  tabu- 
lation abowa  the  amount  expended  per  mile  per  year  for  tbe  past 
SI  yeara  by  tbe  Bureau  of  Bewera  of  Chicago,  IIL,  In  cleaning 
BAwers  and  catch  baaina: 


CoMoI 

Coat  per  mile 

cleaning. 

per  year. 

74 

t      0,28  . 

tl  6.0 

2.43  . 

1  6.6 

13 

1  60  . 

6,3 

85 

1   7.87  . 

1   7.4 

88 

1  3.S2  . 

9.2 

92 

1   2.72  . 

3.8 

.  le 

1   2.033. 

G.8 

.  11 

1  4.32E. 

.  48 

1  4,424. 

7:? 

,  OC 

0,901. 

4.2 

.  4S 

1,414. 

7.9 

,  88 

2,>«1. 

S.4S9. 

;  53 

O.BIG. 

5.7 

.  7B 

4.369. 

3.B 

9,372. 

S.2 

;  29 

1   8,303. 

7.3 

,  83 

1  4,200. 

.  IE 

1   7,003. 

33 

1  o;942.   0 

2:4 

,  73 

2  4,329.37 
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The  work  la  done  by  regulEir  emptoyea  of  the  Bureau  of  Sewen 

commoD  laborers  during  1907  recelvInK  I2.G0  and  up  per  g-hr.  day. 

Coit  Of  Cleaning  Seweri  and   Catchbailna. — Tbe  following  UUe 

BhowB  the  cost  of  aewars  cleaoad  In  the  city  of  Chicago  during  Che 

year  1907 : 

Uethod.  Feet  cleaned.  Total.         Per  ft,  cti. 

Fluehlng 2,485,000  |39,060  I.IT 

Iron   Bcraper    488,700  32.161  6.58 

Wood  Bcraper   B.ZOO  204  3.2» 

A  total  of  24,974  catchbaalna  were  cleaned  at  a  coat  of  |96.Gt>, 
the  averoge  coat  pef  baalit  being  (3.86.  The  Work  la  done  by  day 
labor  by  the  Bureau  of  Sewers,  common  labor  being  paid  $S.GO  per 

Co«t  Of  Sewage  Purrilcatton  at  Providence,  R.  I. — The  coat  of 
trealment  per  million  gallons  of  sewage  during  1906  at  Providence, 
R.  I.,  was  as  follows:  Chemical  precipitation.  tS.GO;  sludge  dls- 
poBal,  }3.10.  The  population  served  by  sewers  in  1106  was  about 
182,000,  according  to  the  annual  report  of  Otis  F.  Clapp,  City  Elngl- 
neer.  The  sewerage  system  Included  20E.89  miles  of  combined 
Benera  and  9.94  miles  of  storm  sewers.  The  sewaEe  waa  com- 
posed of  manufacturing,  wool  waahlngs.  Jewelers'  dyeing  and  bleach- 
ing wastes,  with  domestic  sewage,  and  the  strength  of  average  aew- 
nee  (parts  per  100,000}  wan:  Albuminoid  ammonia,  total  0.729; 
soluble,  0.37O;  suspended,  0.359;  chlorine,  45.58.  Other  data  from 
Mr.  Clapp's  report  were  as  follows;  Dally  flow  of  sewage  In  mil- 
lion gallons:  Haximum,  Dec.  31.  43.6;  minimum.  Aug.  19,  10.8; 
average  (or  the  year,  20.36,  Average  dally  flow  of  sewage  treated: 
19, £50, 000  gala  Pounds  of  lime  used  per  million  gallons  of  sew- 
age (treated)  :  £37.75.  Other  chemica!  used:  Copperas,  T3.1  Iba. 
iier  million  gallons.  Cubic  contents  o(  settling  basin  up  to  water 
surface,  when  In  use.  In  mftlion  gallons:  11.13.  Per  cent  organic 
matter  removed  from  sewage  in  terms  of  albuminoid  ammonia. 
Total.  43.3!j  :  suspended.  85.07.  Disposition  of  efliuent:  Discharged 
into  Providence  River  off  the  end  of  Field's  Point  under  36  ft  at 
water.  Volume  of  aludse  produced  In  gallons  per  million  gsJlons 
of  sewage  treated:  4,444.4.  Per  cent  of  solids  in  wet  sludge:  7.43. 
Uethod  of  sludge  disposal:  Pressed  and  cake  hauled  by  steam  train 
to  dump.  Sludge  pressing;  Average  number  of  gallons  pumped 
per  day.  86.898.  Per  cent  of  solids  in  wet  sludge:  7.43,  Pounds  of 
lime  added  per  thousand  gallons  o(  sludge:    83.07. 

Sludge  DlepoaaU — Description  of  machinery  used:  Sludge  pumped 
by  iihone  ejectors  (two,  500  gals.)  to  storage  reserrolra;  thenco  by 
gravity  to  forcing  receivers  (four,  8  ft.  dia.  x  IS  ft  long)  ;  thence 
forced  under  60  to  80  lbs.  pressure  per  square  Inch  up  Into  the 
presses.  The  ejectors  and  forcing  receivers  are  run  by  air  pres- 
sure generated  by  one  150  and  one  BO-hp.  air  compressors  actuated 
by  electric  motors;  18  Alter  presses  are  used,  each  with  from  43 
to  54  plates,  with  t-tn.  center  holes,  forming  cakes  86  Ina  square 
and  from  1>&  In.  to  %  In.  thick,  between  filter  cloths  which  sur- 
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round  the  platea.  Hours  of  operation  of  presaea  dally;  S.S3.  For 
Usht.  heat  and  power.  tT.fiy  per  day.  Tons  of  sludge  coke  pro- 
duced dally:  SI.IS.  Per  cent  of  aollda  In  preBsed  cake :  ZT.T  Ttiat 
at  Bollda  In  sludge  cake  produced  dally:  2B.9T.  CoBt  of  opera.tlon 
per  ton  of  solida:  (2.24.  The  quantities  per  day  In  above  table  are 
fgjmilated  on  basis  of  366  days'  woric 

Cost  of  Sewage  Disposal,  S  Cities.— In  BnglnteriKg-CtMtnicting. 
Oct.  8,  IflOT,  appeared  a  flvt-page  article  compiled  from  a  report 
"  prepared  by  Mr.  A.  C.  Gregory.  It  contains  many  valuable  data 
relating  to  six  clUeo,  of  which  the  (ollowtng  Is  a  very  brief 
abstract. 

CItrmieat  Preo<pltatlon,  Providenoe,  B.  I. — Providence  has  the 
dlMlactlon  of  being  the  one  large  city  in  this  country  which  treats 
oil  (except  In  Lime  of  heavy  storm)  of  Its  sewage  by  chemical 
precipitation,  the  object,  oC  course,  being  clarlUcatlon.  This  Is  all 
that  ii  considered  necessary.  Inasmuch  as  the  clarlDed  elllueDt  Is 
dlacbargfld  Into  the  Providence  River  and  speedily  carried  Into  Long 
Island  Sound,  where  the  dilution  Is  amply  sufficient  to  take  care  o( 
what  organic  matter  remains  In  the  effluent. 

The  disposal  works  consist  of  a  pumping  plant,  <diemicftl  house, 
prAdpttatlon  tanks  and  sludge  compressing  house  with  sludge  well 
and  tanks  and  a  chemical  laboratory. 

A  pound  of  Ihne  used  as  a  precipitant  produces  10  Iba  of  sludge 
(Dunbar.  190S)  and  that  the  amount  of  sludge  amounts  to  about 
three  times  that  produced  hy  sedimentation  or  septic  tank  action. 

Population  In  190T.  208,000. 

Population  served  by  sewers  about  IKS.OOO. 

Length  of  sewerage  system:    Combined,  209.8  miles;  storm,  10.11 

Character  of  sewage:  Manufacturing,  wool  wartilnga,  Jeweler* 
dyeing  and  bleaching  waste,  with  domestic  sewage. 

Dally  (low  of  sewage.  In  gallons:  Uaximum,  40,4(Z.00I);  mini- 
mum, 9,424,000 ;  average  for  yrar,   19,329,000. 

Pounds  of  lime  used  per  million  gallons  of  sewage  treated, 
eB3.S4. 

Other    chemicals    uaed:     Copperas,     83.05    pounds    per    mlllton 

Volume  ol  s1ud8«  produced  In  gallons  per  million  gallons  of  sew- 
age treated,  4,G04. 

Per  cent  ol  solids  In  wet  sludge,  T.S5. 

Average  number  of  gallons  of  slndge  pumped  per  day,  S8,'8S9. 

Hours  of  operation  o(  sludge  presses  per  day,  671. 

Tons  of  sludge  cake  produced  dally,  90.84. 

Toni  of  solids  In  aludse  cake  produced  daily,  £B.2. 

Cost  of  treatment  per  million  gallons  of  sewage:  Chemical  pre- 
cipitation, 13. SI ;  sludge  disposal,  13. OT ;  total,  fS.Ol  per  million 
gallona 
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found  la  a.  valuable  Index  of  the  amount  o(  organic  matter  present. 

CiiemUial  PreeipUatlon,  Worcester,  Ittut. — The  Worcester  dts- 
posal  plant  conslats  of  a  chemlcat  house  for  storing  and  mixing 
the  Itme  precipitant,  and  also  containing  aludKe  presses,  a,  chemical' 
laboratory.  1ft  precipitation  tanks  and  Si  acres  of'  Dlter  beds. 

Th«  sludgs  Is  Anally  deposited  at  a  distance  of  about  a  mils 
(rom  the  works.  During  the  year  ending  with  Nov.  JO,  1908, 
16,930.000  gals,  of  semMlauld  sludge  Were  pumped  from  the  pre- 
cipitation tanks.  After  aa  much  bb  poBSlUe  of  the  liquid  had  been 
drawn  off  the  remaining  12,074,000  gals,  were  pressed  Into  sludge 
cake,  amounting  to  ]2,9ST  tona  Of  this  about  10,000  cu.  yda  were 
taken  as  fertilizer  by  farmera. 

The  above  flKures,  together  with  those  that  follow,  are  taken 
from  or  based  upon  the  report  of  the  city  engineer  for  1908: 

Average  dally  Quantity  of  sewage  treated  (precipitation).  11,- 
340,000  gala 

Length  of  time  sewage  remains  In  tanks,  i  to  S  hours. 

Volume  of  shidge  per  million  gallons  of  sewage,  3,ST3  gala 

Cost  of  tanks,  J2SB,fl28.7B. 

Cost  of  maintenance  tor  year,  Including  disposal  of  sludge. 
tlG,e71.1S. 

Kind  and  quantity  of  chemicals  used  per  1,000,000  gala,  871  lbs. 

Coat  of  chemical  precipitation  per  1,000.000  gals..  f4.82;  sludge 
preaalns,  t3.SE:  total.   18.07. 

Annual  cost  ot  maintenance  per  capita,  about  2t.S  eta 

In  terms  of  albuminoid  ammonia  chemical  precipitation  removes 
ST. 3%  of  the  total  organic  matter  and  75.3%  of  the  su^M^nded 
organic  matter. 

Intermittent  Sand  Filtration,  Worce»(er,— There  are  In  use  about 
111  acres  of  sand  niters,  divided  generally  In  units  of  one  acre  and 
having  a  depth  of  (rom  4  to  S  ft.  A  large  port  ot  this  area  la  ti 
natural  sand  bed,  by  reason  of  nhlch  fact  a  considerable  saving 
was  effected.  At  the  bottom  of  the  beds  are  laid  parallel  lines  lyt 
drain  pipes  at  Intervals  of  about  50  ft.  These  collect  the  effluent 
and  carry  It  to  an  Intercepting  pipe,  whereby  It  Is  conveyed  to  tbe 
main  effluent  channel  and  Anally  reaches  the  Blackstone  River. 

Date  of  construction  of  works,  1S09-1908. 

Cost  of  beds.  }Sfi3,340.93. 

Total  Altering  area,   «1  ocrea 

Average  area  of  beds,  0.98  acra 

Average  dally  quantity  of  sewage  treated,  4,022,000  gala. 

Average  daily  quantity  treated  per  acre.  79,000  gala 
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Annual  cost  of  maintenance  i>er  capita,  about  lOM  eta 

Sawa^^e  flows  on  one  bed.  two  to  six  hours. 

Beds  used,  one  to  four  tImcB  weekly. 

Cubic  yards  material  removed  from  surface  of  beds,  33,804. 

Cost  of  removing  same,  tS.SOO. 

Total  coat  Ot  maintenance  tor  year,   |13,E55.IT. 

Cost  of  maintenance  per  mlUlon  Eallons  ot  sewage  treated,  $9.Zt. 

The  net  cost  of  maintenance  per  capita  for  botti  sand  filtration 
and  chemical  preclpltatloa  Is  slisbCly  less  than  37  eta 

Intermittent  Sand  Filtration,  Brockton,  Mass. — There  are  !7  filter 
beds  of  an  acre  each.  The  use  of  water  meters  has  brought  water 
consumption  down  to  S5  gflie.  per  capita. 

The  Mwaco  rmu  by  graTltr  to  a  aump  (pit)  passing  through 
■creens  before  entering  the  sump,  and  from  which  It  Is  pumped  to 
tlie  disposal  beds  about  three  and  one-quarter  miles  away.  About 
110  lbs.  of  refuse  per  l.OOO.SOO  gals.  Is  screened  out  before  the 
pumping.  No  pumping  Es  done  at  night,  the  sewage  being  allowed 
to  collect  during  that  time,  and  la  pumped  away  on  the  fullowlDg 
llay.  A  considerable  amount  of  sediment  Is  d^raslted  In  the  sump. 
ThiH  Ih  stirred  up,  pumped  to  the  disposal  plant,  and  applied  to  beds, 
ot  which  there  are  Ove,  especially  used  tor  that  purpose,  an  aver- 
age of  about  136,000  gala,  of  sludge  sewage  being  thus  treated  each 
day.  The  average  amount  of  sewage  treated  per  day  at  Brockton 
amounts  to  about  1, 208,000  gals.  The  minimum  seems  to  be  about 
1.OT9.0OO  gals.,  ejid  the  maximum  about  1,413,000  gals.  This  would 
Indicate  a.  rate  of  atMut  46,000  gals,  per  acre  per  day. 

The  population  of  Brockton  Is  estimated  at  E5,000. 

The  above  figures  are  for  lOOS.  In  reaching  the  bed  from  the 
pumplnc  station  the  sewage  travels  3.3  miles  and  la  raised  43  ft. 

The  Brockton  plant  has  been  placed  la  a  spot  naturally  lending 
Itaelf  to  economical  constmctlon.  For  the  moat  part  the  prepara- 
tion of  the  beds  constated  In  removing  the  upper  soil  so  as  to  leave 
exposed  the  sand  and  gravel  underneath.  Under  drains  were  ptit 
In  only  «4iere  the  sand  at  a  depth  of  5  or  8  ft.  was  too  fine  to 
allow  the  sewage  to  percolate  freely  through  It  Where  such  a  con- 
dition existed  drains  with  open  joints  were  placed  about  10  ft. 
apart.  Banlu  were  also  THiaed  and  the  necessary  dosing  arrange- 
ments made. 

The  dispotal  plant,  up  to  Jan.  1,  ie09,  has  cost  %itl,i&tM. 

Seven  new  bedic  constructed  In  190T  and  1908,  wore  completed 
at  a  cost  of  t33,Z39.0fi,  Or  at  about  f3,i20  per  t>ed. 

The  expense  for  maintenance  of  the  beds  during  1B08  amounted 
to  16,189.04,  or  about  (IS. 53  per  toUllon  gallons  Altered,  or  U.Z  eta. 
per  capita. 

Intermittent  Band  Fltration,  Saratoga,  S.  T. — Saratoga  has  a 
population  of  12,000  to  60,000,  according  to  the  season  of  the  year. 

The  filter  beds  handle  100,000  gala,  per  acre  per  day.  The  plant 
cost  1200,000,  Including  f6E,Oao  for  metering  water  supply  and  for 
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drains  dealsned  to  separate  [ha  atorm  water.    Some  of  the  Itema  ot 

Pumping    plant til, 000 

Force    main 24,S00 

Septic  tankB 1G.50U 

Pllter  beds 48.000 

Total     (9M0O 

The  operation  of  the  pumps  costa  (TOO  per  year. 
Tha  coat  of  maintenance  of   beds  for   1907,   according  to  flsure* 
secured  on  the  ground,  was  fl,eS3.47,  and  for  lOOB.  $1,153.07. 

Mr.  Barbour  atates  that  the  total  coat  of  maintenance  per  year 
amounts  to  about  }3,000.  ASBumlng  the  normal  population  at 
12,000.  a  rate  of  2G  cts.  p«r  capita  per  year  Is  Indicated. 

SepHo  Tankt  and  Contact  Beds,  BallBton  Spa.  N.  T. — Ballaton 
Spa  has  a  population  of  about  E,000,  although  being  somewhat  of  a 
summer  resort,  the  population  variea.  The  plant  was  designed  to 
deal  With  an  estimated  flow  of  1,000,000  gals,  per  twenty-four  hours. 
No  flgurea  are  [n  our  possession  as  to  expense  of  maintenance. 
The  management,  at  the  time  of  our  vlalt,  appeared  to  be  In  th» 
hands  of  one  man,  who  not  only  looked  after  the  electrically  drlTcn 
pumps  but  the  dlaposal  works  aa  well.  Probably  one  man  la  all 
that  la  necessary  for  such  a  plant  except  In  extraordinary  occa- 
sioDB.  The  following  Is  the  cost  ot  the  plant  aa  It  appears  In  tlw 
accepted  bid: 

Septic  tanks,  beds.  etc. )39.4Se 

Receiving  tanks,  pumping  outfit 1G,2G1 

Pump    houae S.OTl 

Two   gate   houses I.IIS 

Force  main  (11.08  per  toot) 4.SK 

Sewer  extension  (tl.11  p«r  toot) l.GGl 

Crushed  atono  (10.90  per  cubic  yard) 18.000 

Total    tSl,B17 

Estimated  Cost  of  Sewaga  FllterTne.— Proh,  C.  B.  A.  Wlnslow  and 
E.  B.  Phelps  read  a  paper  before  (he  Boston  Society  of  Civil  Engi- 
neers, In  1807.  wherein  the  tollowlng  estimates  wera  given  of  tha 
probable  cost  of  a  60-aere  triclcltng  or  percolating  sewage  flitor 
were  given.  It  was  estimated  that  2.OO0.OOD  gala  per  acre  would 
percolate  dally  through  a  bed  of  broken  stone  g  tt.  thick.  It  was 
estimated  that  such  Alter  could  be  built  tor  11,800,000,  or  tJt.OOO 
per  acre.  Including  all  necessary  land  (Thompson's  Island),  grading. 
etc.    The  coat  of  treating  the  sewage  was  estimated  thus  per  mflUon 

Capita!  charges t3.S0 

n .1 —    includln '-"  —■"""I"-  »"" 


Oper 


,  Including  extra  pumping. . 


Total    |7,B0 

It  Is  not  stated  what  the  land  was  estimated  to  coat 
Cast  of  Sewaga  Filters,  Pawtuckst,  R.  I.^Hr.  Qeorge  A.  Carpen- 
ter gives  the  following  relative  to  a.  sewage  Alter  st   Pawtucket, 
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The  fllcer  ierves  T  miles  of  sewars,  combined  eyatan,  dralnlni 
9B0  acres,  with  a.  population  of  9.500.  These  7  miles  Ot  aewers 
deliver  68,000  gala,  per  <luy.  a.s  the  average  for  the  year  (ISSS), 
more  tbiui  bolf  of  this  beins  ground  water  which  enters  the  sewers, 
notwithstanding  underdralns  beneath  of  Home  sections  of  the  sewers. 
There  are  13  Alter  beds  having  a  total  fllterlng'  area  of  2.3S  acres; 
four  ot  these  beds  (O.Sl  acres)  beinK  sludge  beds,  and  receive  the 
sewage  from  the  bottom  foot  of  the  settling  tanks.  The  two 
•ettllng  tanks  are  each  30  x  100  ft..  4  (t.  deep.  Sewage  Is  held 
21  hra.  In  these  tanks,  and  then  delivered  through  g-ln.  pipes  to  the 
filter  beds  In  doses  of  100.000  gals,  to  the  acre.  The  imderdralns  are 
4-In.  tiles,  burled  S  ft.  deep  In  the  natural  sand  that  forms  the  Ulter 
beds.  The  cost  of  this  plant  was  112,000,  or  about  tE,DOO  per  aero 
of  Alter  bed.     One  man  operates  the  plant. 

Cost  of  Sewaae  Filters,  Watarloo,  Ont.— Mr,  Herbert  J.  Bowman 
gives  the  following  relative  to  the  cost  of  sewage  Alter  beds  built 
In  189&  for  Waterloo,  Ontario,  The  work  Was  dene  by  coatrctct. 
Six  Alter  beds  were  built,  each  averaging  132x200  ft,  or  2G,400 
sq.  ft,  OT  a.  total  of  3.6G  acres,  with  an  available  filtering  area  of 
3  acrea.  The  land  Is  of  sand  and  gravel,  requiring  little  leveling 
up.  The  beds  are  underdralned  by  3-ln.  tiles,  laid  10  ft.  apart  In  a 
tile  gutter  composed  of  E-in.  half-tUe,  with  Joint  cavers  of  quarter- 
tlla.  The  contract  cost  ot  10,546  ft.  ot  g-lu.  tile  in  place  (tor  4 
of  the  beds)  was  as  follows: 

Materials,  10,54B  ft.  at  i.5  cts. I    2G4 

I.aylng  10,54a  ft.  at  3.E  cts 389 

1,SBS  cu.  yds.  gravel  backSU  at  30  Cta 3TI 

Removing  surplus  earth 139 

Total,  10,B4S  ft  at  10.TB  Ctfl. »1,I33 

The  trenches  were  dug  4  ft.  deep,  and  backAlled  with  gravel 
which  cost  20  cts.  per  cu.  yd.  delivered.  The  3.G  cts.  per  lln.  It. 
for  "laying"  Included  digging  the  trench  and  backSUIng,  at  which 
price  the  contractor  barely  paid  his  men,  and  bad  no  profit. 

The  entire  cost  of  the  fl  beds,  with  3  acres  of  Altering  area,  was: 
3,050    cu.    yds.    excavation    for    embankments    at 

12    cts. I    SS8 

l.EOO  cu.  yds.  gravel  for  leveling  up  beds  at  20  eta       300 

16,800  lln,  ft.  3-ln.  drain  at  10%  cts. 1,699 

Sewer  carriers  {18-ln.) 300 

Total    f  2,666 

This  Is  equivalent  to  only  (900  per  acre.  The  low  cost  is  due  to 
favorable  conditions  and  to  very  low  contract  prices.  The  excava- 
tion for  embankments  was  done  with  drag  scrapera  The  3.G  acres 
of  land  cost  flDO  an  acre  In  addition  to  the  above  cost 

Cost  of  a  SeMsat  Filter  and  Septic  Tank  with  Costs  of  Opera- 
tion.*—Mr.  P.  A.  Barbour  gives  the  following  relative  to  a  sewagfl 
alter  and  septic  tank  plant  at  Saratoga  Springs,  N.  T.,  built  In 
IS08. 

*Bniit»errlna-Co»tTacllng,  July  14,  1909. 
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TIm  aevaKB  la  lUt«d  IE  ft  by  three  electrically  driven  centrilugtti 
pumps  (e-ln.),  and  carried  8,300  tt.  throu^  a  IS-lii.  caat-lron  main. 
and  then  paaaed  in  vuccesBlon  throuA  covered  aepUc  tnokB,  bd 
aerator,  am  automatic  doalng  tank  and  Intermittent  sand  JUters. 
Thj  volume  Tangas  from  l,Z6O.0OO  galB.  to  2,BOO.0(IO  gala,  per  day, 
the  latter  during  the  summer.  The  regular  population  Is  about 
12,E00,  Which  Increases  to  60,000  durioK  the  summer. 
,  The  pumps  and  motors  luve  an  average  combined  efllclency  ot 
tG%.  They  coat  |6,tOO.  The  pump,  well  and  building  cost  tl.ODO. 
The  pumps  work  only  during  the  day.  The  i  septic  tanks  are  o( 
concrete  with  a  concrete  vaulted  roof,  each  being  G2x91  ft.  In 
area.  The  total  capacity  of  the  1  tanks  Is  1,000,000  gaU.,  the 
sewage  being  8  tt.  deep. 

The  aerator  and  dosing  tank  hold  Se,aOO  gala. 
There  are  20  niter  beds  at  about  1  acre  each.    Aboot  tJi  to  I  ft 
o(  topBoU  was  excavated   (and  buUt  Into  embankments)   ezposlna 
the  natural  sand  bed. 

The  cost  of  the  plant  was  as  follows  (exclusive  of  a  140,000  storm 
water  built  to  reduce  the  amount  of  sewage  treated) : 

Pumping  plant  and  accessories 111,000 

Force  m^    (16-Id.)    8,SOO  ft. iS.OOO 

Heptlc  tanks,   1,000,000  gals. 1E,00D 

Filter  beds,  20  acres IS.OOO 

Total    tSS,000 

The  cost  of  pumping  and  operating  the  puriScatlon  worha  Is 
f3,000  a  year,  of  which  tT20  Is  for  the  electric  power,  and  ttOO 
covers  alt  services  at  the  screen  and  pumps.  At  the  filter  tMda, 
fl.BeO  a  year  Is  spent,  of  which  06%  Is  lor  work  not  relating  to  the 
maintenance  of  the  surface  of  the  Alter  bed,  t»eing  trimming  MO- 
bankments,  weeding  drives,  etc. 

In  midsummer  12  niter  beds  are  used  dally,  the  gate*  btfng 
changed  twice;  during  the  remainder  of  the  year  8  beds  are  used 
dally,  the  gates  being  shifted  once.  The  average  daily  amount  of 
sewage  per  bed  In  use  Is  about  140,000  gala,  applied  In  four  dosea. 
AU  the  Olter  beds  are  kept  In  commission  and  the  beds  are  used 
alternately,  so  that  the  average  dally  rate  for  the  Held  Is  10.000  gals- 
per  acre.  Ur.  Barbour  trelleves  that  double  this  rate  could  be 
maintalDod  with  equally   good  results. 

Assuming  a  cost  of  $3,000  per  year  for  operation  and  fE.OOB  per 
year  (6%  of  1100,000)  tor  capital  charges,  we  have  a  total  of  f8,000 
per  year,  to  which  may  be  added,  say,  |i,000  lor  repairs  and  depre- 
ciation of  pumping  plant  making  a  grand  total  ot  |S,000,  or  less 
than  130  a  day  for  treating  1,2000,000  gala,  or  about  t2E  per 
million  gala 

Cost  of  CleanlnD  Sewers  and  Catdi  Bailns.*— Hr.  Allen  Aldiicb 
gives  the  following  relative  to  the  cost  ot  cleaning  171  mll««   of 

'Bnglneerinii-CimlraeUng,  Aug,  II,  1909. 
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■awera  at  Prorldence,  R  I.,  durlnx  1898.  Tbere  were  In  use  4.026 
catch  baslnB  <21U  per  mile).  ea<:li  ol  which  wa«  cleaned,  on  an 
average,  tH  tlmea  during  the  year.  The  14,G23  cleanings  yielded 
lO.EOO  cu.  yds.  of  deposit,  or  about  D.T  cu.  yd.  per  cleaning.  A  gang 
o[  2  laboTSTB  and  2  one-horse  carts  with  drivers  averaged  20  cu. 
yds.  p«r  day,  cleaned  out  and  hauled  away.  Annimlng  men's 
wages  to  be  (2  each  and  a  borse  to  be  }1,  the  dally  Wage  of  this 
gang  would  be  |10,  and  the  coat  would  be  60  eta  iwr  cu.  yd.  of 
sludge,  or  36  eta.  per  catch  basin  per  cleanlnB.  The  labor  cost  for 
tlie  year  would  then  be  about  }S0O  per  mile  of  sewer,  since  600 
ciL  yds.  were  removed  per  rolle. 

In  addition  to  this,  about  10.4  miles  of  sewers  were  flushed  out 
with  a  Are  hose  during  the  year,  yielding  831  cu.  yda  more. 

In  cleaning  the  catch  basins  a  man  descends  Into  the  basin  and 
first  balls  out  the  water  Into  the  sewer,  until  nothing  but  sludge  Is 
left :  and  the  sludge  Is  removed  with  buckets  raised  by  a  "wheel 
derrick"  (a  tripod  with  a  drum  operated  by  the  wheels  on  which 
the  derrick  Is  transported)  and  dumped  Into  the  cart.  Steel  carts 
holding  1  en.  yd.  ore  used. 

Mr.  T.  Chalkley  Hatton  describes  a  mora  economic  method  of 
cleaning  catch  basins,  which  Involves  a  special  design  of  catch 
basin,  so  that  the  sludge  accumulates  In  a  "catch  bucket."  This 
galvanlced  catch  bucket  Is  S  ft.  high  and  2^6  ft.  dlam.  at  the  top. 
A  cast-Iron  hood  Is  placed  over  the  outlet  to  the  Bewer,  for  trap- 
ping the  sewer  esses  This  hood  Is  removed  before  raising  tha 
catch  bucket.  Riveted  to  the  top  Of  the  bucket  Is  an  angle  Iron 
that  rests  on  a.  ledge  In  the  catch  basin,  the  Joint  being  merely  dirt 
proof  and  not  water  proof.  The  bucket  Is  raised  with  a  "wheel 
derrick"  (a  trip  on  wheels),  by  means  of  a  friction  pulley.  The 
legs  of  the  derrick  are  of  gas  pipe. 

A  brick  catch  basin  (8  ft.  S  Ins.  deep)  on  a  E-ln.  concrete  founda- 
tion, with  a  bucket,  hood,  and  connections  complete,  costs  140.  Each 
connecting  Inlet  costs  about  (36.  The  "wheel  derrick"  costs  (35. 
Two  men,  with  a  horse  and  cart,  can  clean  SO  catch  basins  a  day, 
at  a  coat  of  26  cts.  per  catch  baain. 

Coat  of  nushlng  8«wflrt.*— Mr.  Andrew  Rosewater  gives  the  fol- 
lowing relative  to  the  cost  of  flushing  sewers  by  automatic  flush 
tanks  and  by  hand.  The  costs  are  estimated,  but  said  to  be  based 
upon  actual  perfonnanee. 

In  IS91  Mr.  Bosewater  designed  flush  tanks  that  averaged  400 
gals,  capacity  each  and  dlsdiarged  at  the  rate  of  II  gals,  per  sec- 
ond, developing  effective  scour  In  an  S-In.  sewer  for  a.  distance 
of  2.000  ft  below  the  tank.  To  avoid  aedlmentatlon  In  the  pipe 
that  Mrves  the  flush  tank.  Mr.  Rosewater  states  that  the  velocity 
of  flow  abonld  not  be  less  than  2  fL  per  sec.,  and  this  Is  attained 
In  a  14-ln.  pipe  discharging  445  gals.  In  24  hra  A  laiger  pipe 
causes  decreased  velocity  and  sedimentation  where  unflltered  water 

'EngineariKa-ContTactinff,  July  28,   1909. 
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1b  used.  He  eatlmatM  the  colt  of  maintenance  and  operation  of 
each  tluab  tank  as  followa  per  annum,  provided  the  Hush  tank  la 
properly  designed: 

Intereat  on  |100  lanic  at  6  per  cent |  S.DO 

Water.  182.000  gale,  al  f  IS  per  million 2.73 

Ldbor  of  attendance  (12.000 -r- 300  tanks) 8.S7 

Tota)  per  tank  per  year tll.40 

Two  men  with  a.  horse  and  watcoa  (coatlnK  fE.llOO  per  year)  are 

estimated  to  be  able  to  take  care  of  300  flush  tanks  and  fft'l^^*'" 

them  In  repair. 

In  100  miles  of  aewera  In  Omaha,  Hr.  Rosewater  found  that  the 

exlatlng   Quah   tanka  were   uslnK    1,800.000    gals,    dally,    which   was 

three  times  the  amount  needed  If  the  flow  had  been  properly  ad- 

If  flushing  la  done  by  hand  labor,  th^re  are  three  methods  avail- 
able: (1)  Water  carts;  (S)  direct  portable  base  connections  to 
hydr&ntsi   and  (J)  connection  with  pipe  mains  and  band  valvea. 

Flushing  with  water  carta  requires  two  men,  at  fl.GO  each,  and 
two  hcrses,  at  10.75  each,  to  liandle  2E  tanks  per  day.  or  IS  cts. 
per  tank  per  day,  or  S65.T0  per  tank  per  year,  to  which  must  be 
added  t2.T3  for  the  water,  making  a  total  of  168.43. 

Flushing  with  portable  base  requires  2  men  and  a  horae,  wlio 
handle  SO  tanks  dally,  at  a  cost  of  t49.2E  per  year  per  tank,  to 
which  must  be  added  f2.T3  for  water,  making  a  total  of  t49.tG. 

Flushing  with  pipe  connection  and  hand  valves  requires  the  con- 
HtruclloD  of  a  manhole,  which,  wllh  connections,  etc.  Will  coat  flOO. 
One  man  with  a  horse  and  wagon  can  handle  40  tanks  dally,  at  ft 
cost  of  t32.S0  per  tank  per  year.  To  this  must  be  added  %B  for 
Interest  and  t2.T3  for  water,  making  a  total  of  130.26. 

Colt  of  Vitrified  Conduits  and  of  Tile  Drains,  Cr«s*-R*f*ranc*s^— 
Data  on  these  subject*  wUl  be  fou|^  In  Section  XV,  UlsocUaneoua 
Cost  Data. 


SECTION  IX. 
PILING.  TRESTLING  AND  TIMBERWORK. 

Deflnltrona. — Consult  the  Index  for  words  not  found  In  the  ftJl- 
lowiDB  alphabetical  list 

Adt.~~A  carpenter's  chipping  tool,  like  a  small  hoe  with  a  handle. 

Angle  Block — A  block  of  cast  Iron  or  wood,  having  a  triangular 
croas-aectlon,  asalnst  which  the  braces  and  counters  of  a  Howe 
bridge  truss  abul. 

Apron. — A  coverlDg  at  the  foot  of  a  ^lUwar,  to  protect  the 
BTOund  from  scour. 

Balk. — A  large  stick  of  Umber. 

Batter  Pflea. — Piles  driven  Inclined,  as  distinguished  from  plumb 
piles. 

Bent. — One  of  the  transverse  framea  of  a  trestle  which  supports 
the  "deck"  or  floor  system.  It  consists  of  a  sill,  a  cap,  posts  (verti- 
cal, and  batter),  and  sway  braces.  A  pile  bent  consists  of  tho 
piles,  cap  and  sway  bracea 

BU. — The  part  of  an  auger  that  does  the  boring. 

Block  and  Tackle. — A  pulley  block  and  rope. 

Board  Jfetuure. — The  unit  of  timber  measure  is  the  board  foot 
(ft.  B.  U.).  which  Is  1  ft.  square  and  1  In.  thick,  or  I/IZ  cu.  ft.  A 
thousand  feet  board  measure  (1,000  tt.  B.  H.)  is  often  designated 
by  the  letter  M. 

Box  Culvert. — A  culvert  having  a  water  way  at  rectangular  cross- 
Brace. — A  diagonal  compression  member  of  a  truss,  also  any  stick 
used  to  resist  compression,  like  the  horlsontal  timbers  running  from 
Ons  side  of  a  trench  to  another.  Sway  braces  are  the  diagonal 
braces  of  a  trestle  bent.  Lateral  (or  wind)  braces  are  the  diagonal 
braces  between  the  lower,  or  the  upper,  chords  of  a,  Howe  truss 
bridge. 

The  frame  that  holds  a  bit  or  auger  Is  called  a  brace. 

Bra<t  Spike.— -A  railway  spike. 

Brosh.— Brittle. 

BHrl^np.— The  small  diagonal  braces  between  two  jolst*  or 
stringers  of  a  floor  system,  which  prevent  the  Joists  from  turning 
over  on  their  sides,  or  from  buckling  laterally. 

Bruah  Book. — A  curved  blade,  mounted  on  a  Wooden  handle,  used 
for  cutting  brush. 

Biim^ttMHS. — Impregnating  the  pores  of  wood  with  a  solution  of 
aluc  chloride  under  pressure. 

945 


M6  HANDBOOK  OF  COST  DATA. 

Btirr. — The  nut  of  a  bolt. 

OOtk. — To  fill  Joints  with  oakum,  or  the  like,  to  preroit  Icakace. 

Cant. — To  tip  or  lean. 

Cant  Hook, — A  tool  tor  handling  timber.  It  1*  like  a  peavey,  exc^it 
that  the  pole  or  handle  la  not  pointed. 

Cap, — A  timber  acroaa  the  topa  of  poits  or  piles,  and  umiollr 
drlftbolted  thereto. 

Centers. — The  falsework  that  supports  an  arch  during  conitmc- 
tlon.  or,  more  atrlctly.  the  arch  rlba  of  this  falsework. 

Checlc^A  crack  In  timber  due  to  ahrlnkase  from  seaaonlnc. 

Clear  riupsoKoH A  class  of  timber   eonfonnlnft  to  some  sodi 

q>eclflcatIon  as  follows  (N.  Y.  XAimber  Assoc)  : 

"Scantling  and  plank  shall  be  free  of  sap,  large  knots  or  otbar 
defects.  Dimension  sixes  ahall  be  free  from  aap,  large  or  unsound 
knots,  shakes  through  or  round." 

CleaHng— The  removal  of  all  trees  and  bniMh  above  the  groiutd 
levaL    The  removal  of  the  roots  below  the  ground  level  Is  grubbing. 

Clote  P(Je«.— Sheet  piles. 

Corbel. — A  projecting  beam  acting  as  a  cantilever  suiQiorUng  nit- 
Other  beam. 

CotA^A  cord  of  wood  measures  4  i  4  i  8  ft.,  or  138  cu.  ft. 

Cordnrot/. — A  road  made  of  round  or  split  logs  laid  side  hj  aide 
upon  marshy  ground. 

CreoaoHng. — Impregnating  the  pores  of  timber  with  hot  creosot* 
(dead  oil  of  coal  tar)  under  pressure.  ' 

Crib, — A  log  cabin  structure  built  of  timbers  whose  ends  bt« 
notched  and  drift  bolted  together. 

Dap. — A  notch  cut  Into  the  side  of  a  stick  of  timber. 

Deck, — The  wooden  floor  system  of  a  railway  bridge,  conslsttng 
of  the  stringers.  crosB-tles  and  guard  ralla 

Decidttoiu. — Subject  to  shedding  leaves  In  the  fall  and  winter, 
as  distinguished  from  evergreen. 

Docking. — A  retaining  wall  of  piles  sheeted  with  plonk,  axd 
capped  with  a  "dock  stick"  bolted  thereto. 

DoIJv- — A  roller  upon  which  Is  mounted  a  Bmall  truck  for  carry- 
ing timber. 

Dimension  lumber. — Sticks  measuring  Cx6  Ina  and  larger. 

Doiey. — &ip   rotted. 

Dovelatl.—A  timber  Joint  made  by  cutting  the  end  of  a  stick 
ao  that  it  Is  narrower  a  few  Inches  back  af  the  end,  and  Is  M 
Into  a  cross  timber  notched  to  fit  It. 

Dowel. — A  short  Iron  pin  Inserted  Into  bored  holes  In  two  focefl 
of  sticks  that  meet.  Usually  a  dowel  Is  used  to  hold  the  foot  ot  a 
trestle  post  from  displacement  from  the  sill  on  which  tt  rest*. 

Dressed. — Planed. 

Drift  bolt. — A  bar  of  round  Iron  (K  to  1  In.)  used  like  a  larB« 
nail  (without  a  head)  to  fasten  timbers  together.  An  auger  hole. 
1/ie  to  U  In.  smaller  than  the  drift  bolt.  Is  flrat  bored  and  the  Ixrit 
Is  driven  In  the  hole. 
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Drop  TtmMra. — Timbers  dropped  Into  place  to  cIo»e  on  opening  In 

Dry  rot. — Rotting  of  Umber  not  exposad  to  rain.  Tbe  moisture 
Is  supplied  br  tbe  sap  ol  tbe  timber.  Dry  rot  olten  occurs  irhen 
green  timber   Is  painted,   the  paint  preventing  the  evaporation  of 

Dvhh. — To  cnt  the  end  at  a  stlclc  to  a  bevel  around  the  edge. 
It  Is  UEuallr  good  practice  to  dubb  the  end  of  a  pile  preparatory 
to  ringing  It. 

FalaeMsorlc — The  temporary  frame  work  or  staging  built  to 
support  a  bridge  or  other  structure  during  Its  erection. 

Fatcine. — A  bundle  of  brush  or  small  branches  wired  or  tied 
together. 

Fhine. — A  trough  tor  carrying  Water. 

FoltovieT. — A  ihort  length  of  pile  placed  on  top  of  the  pile  that 
la  being  driven,  to  protect  It  from  the  blows  of  the  hammer,  or  to 
force  It   down  below  the  bottom  of  the  leaders  aa  when   driving 

Porma. — The  mold  In  which  concrete  Is  cast. 

Frame. — To  shape  the  members  of  a  timber  structure.  Some- 
times the  term  Is  used  to  Include  the  erection  and  fastening  to- 
gether of  the  members. 

Frap. — To  bind  together  with  a  rape. 

Bib  or  Oib  Plate, — A  targe  flat  plate  of  wrought  Iron  or  steel, 
used  like  a  washer  between  the  timber  and  the  nut  heads  of  rod> 
In  a  Howe  truss. 

Oin  or  Oln  Pole. — A  mast  with  a  pulley  at  the  top,  guyed  with 
three  or  four  ropes,  and  used  to  raise  heavy  timbers,  etc. 

aim. — See  Leada 

OHIIajTB.— 'Timbers  laid  cries  cross,  bolted  together  and  fastened 
by  drift  bolts  to  the  heads  of  foundation  piles. 

Gmb. — ^To  remove  the  roots  of  trees  and  brush. 

Jetting  Piles. — To  sink  plies  by  means  of  a  water  Jet. 

Joltt. — A  beam   or  stringer  that  supports  flooring. 

Ker/.— The  narrow  slot  made  In  sawing  timber. 

Eiln  Dried.— Dried  artificially  In  a  kiln. 

Knot. — The  American  Society  for  Testing  Uaterlals  adopted 
(1906)  tbe  following  deflnltlons:  (1)  A  sound  Icnot  Is  one  which 
Is  solid  across  Its  face  and  which  Is  as  hard  aa  the  wood  surround- 
ing It;  It  may  be  either  red  or  black,  and  Is  bo  Axed  by  growth  or 
position  that  It  will  retain  Its  place  In  the  piece.  (2)  A  loose  knot 
Is  one  not  flrmly  held  In  place  by  growth  or  position.  (3)  A  pith 
Icnot  Is  a  sound  knot  with  a  pith  hole  not  more  than  14  In.  In 
diameter  In  the  center.  (4)  An  eneaaed  knot  Is  one  which  is  sur- 
rounded wholly  or  In  part  by  bark  or  pitch.  Where  the  encasement 
Is  less  than  W  of  an  Inch  In  width  on  both  sides,  not  cTceedlng  one- 
half  the  circumference  of  the  knot.  It  shall  be  considered  a  sound 
knot.  (G)  A  rotten  Imot  Is  one  not  as  hard  as  the  wood  It  Is  In. 
<6)  A  p<n  ftnol  Is  a  sound  knot  Tnot  over  H  In.  In  diameter. 
<T}    A  standard  ftnot  Is  a  sound  knot  not  over  1^  In.  In  diameter. 
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(8>  A  large  knot  Is  a  Bound  knot,  more  than  1^  In.  In  diameter. 
(9)  A  round  knol  is  one  which  Is  oval  or  circular  In  form.  (10)  A 
tptke  kttol  Is  one  sawn  In  a  lenBthwIse  dlrecllon  ;  the  mean  or 
average  diameter  shall  be  considered  In  measuring;  these  knots. 

Laeeino, — The  plank  sheetlne  placed  upon  the  frames  of  arch 
Genter& 

Lao  Screio. — A  thick  screw  with  a.  squure  bolt  head. 

Leadt  or  Leadera. — The  vertical  pildea  that  Kuide  a  pile  driver 
hammer  during  its  rise  and  falL    Also  called  sins.  ways,  etc 

Lug  Book. — A  timber  Erapple,  much  like  Ice  tons>  hung  from  the 
center  of  a  wooden  handle;  used  for  carrying  timber,  one  man  at 
each  end  of  the  handle. 

Matlock. — A  grubbing  tool  with  one  cnttlog  edge  shaped  like  an 
adz    (or  hoe),  and  the  other  edge  like  an  ax  or  pick. 

lfattrs>a.~A  brush  mattress  consists  either  of  fascines  bound 
together,  or  of  strands  of  brush  woven  together,  ballasted  with 
etone  and  sunk  In  a  river  bed  to  prevent  scour. 

VercAuntablfl  Timber, — According  to  dpeclficatlons  of  the  South- 
ern Lumber  and  Timber  Asso. :  "Scantling  shall  show  three  corners 
heart  tree  from  Injurious  shakes  or  unsound  knots.  Plask  nine 
Inches  and  under  wide,  shall  show  one  heart  tree  and  two-lhlrds 
heart  on  opposite  side;  over  nine  inches  wide  shall  show  two-thirds 
heart  on  both  sides,  all  free  from  round  or  through  shakes,  large  or 
unsound  knots.  Dimension  bIhb:  All  square  lumber  shall  show 
two-thirds  heart  on  two  sides  and  not  less  than  half  heart  on  two 
other  Bides.  Other  slies  shall  show  two-thirds  heart  on  laces  and 
allow  heart  two-thirds  of  the  length  on  edges  excepting  where  width 
exceeds  thickness  by  three  Inches  or  over,  and  then  It  shall  show 
heart  on  the  edges  for  half  Its  length.  All  stock  to  be  well  and 
truly  manufactured  full  to  size  and  saw  butted." 

Viler. — The  Joint  between  two  beveled  edges,  the  bevel  usuallr 
being  45  degreea 

Morllte. — A  hollow  cut  made  In  the  aide  of  a  timber  to  receive  the 
tenon  or  tongue  on  the  end  of  another  timber. 

Hud  fldis.— Short  pieces  of  timber  (often  cedar)  laid  beneath  the 
Bin  of  a  trestle  bent  to  keep  It  from  contact  with  the  ground. 

Needle  Beam. — Floor  beam  of  a  Howe  truss,  throu^  the  ends 
at  which  pass  the  vertical  roda 

Nlppera. — The  sclssor-like  tongs  that  clutch  the  hammer  of  a.  free- 
fall  pile  driver. 

Overkang  Drtcer.— See  PHe  Driver. 

Packittff  Piece. — A  piece  of  wood  or  metal  placed  between  two 
timbers  to  prevent  their  coming  In  contact. 

peavet/.—A  pointed  pole  with  a  pivoted  hook  near  the  pointed 
end.  used  for  handling  timbers.     See  Cant  Hook. 

rWe.— A  stick  driven  Inio  the  earth.  FouniJoHon  piles  are  driven 
to  support  a  bridge,  building  or  other  structure.  Bheet  plies  are 
sawed  timber  piles  driven  touching  one  another,  so  as  to  form  (t 
tight  diaphragm.     Wakefield  piles  are  sheet  piles  made  by  bolting 
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or  Bplklns  three  plaiUcit  togMber,  so  ai  to  (orm  a  tongue  and  groove. 
When  driven,  this  gives  a  triple  lap  sheet  piling. 

Pile  Driver. — A  free-tatt  pile  driver  has  a  hammer  held  by  nippers 
which,  when  tripped,  allow  the  hammer  to  (all  freely.  A  friction 
clHtcJi  driver  has  Its  hammer  always  attached  to  the  hoisting  rope, 
which  Is  operated  by  the  drum  with  a  friction  clutch.  A  ateam 
hammer  la  r^aed  by  steam  acting  directly  upon  a  piston  attached 
to  the  hammer.  An  overlianff  driver  Is  one  mounted  In  a  frame 
whoaa  leads  project  g  to  20  ft.  beyond  the  base  of  support 

Piiuk  Bar. — A  iteel  bar  with  a  chliei-shaped  end. 

Piteli  Pocket.— Tti»  Amerlinn  Society  for  Testing  Materials  glvea 
the  following  specification :  Fiteh  poekela  are  openings  between  the 
grain  or  the  wood  containing  more  or  less  pitch  or  bark.  These 
shall  be  claaslfled  as  small,  standard  and  large  pitch  pocketa.  (a)  A 
small  pitch  pocket  Is  one  not  over  H  of  an  Inch  wld&  (b>  A 
standard  pitch  pocket  Is  one  not  over  %  of  an  Inch  wide,  or  3  Ina. 
Id  length,  (c)  A  large  pitch  pocket  Is  one  over  K  of  an  Inch  wide, 
or  over  t  Ins:  In  length.  A  pHcA  break  Is  a  well-deflned  accumu- 
lation of  pitch  at  one  point  In  the  piece. 

Plank. — In  the  lumber  trade,  the  term  plank  Is  applied  to  pieces 
IH  to  S  InK  thick  X  7  Ins.  wide,  or  wider. 

Post*. — The  upright  members  In  a  trestle  bent. 

Put  iMga. — Horiwintal  stringers  supportlnK  a  building  scaffolding, 
tbe  ends  being  inserted  In  put-log  holes  left  In  the  masonry. 

Rangert. — The  longitudinal  timbers  used  In  bracing  a  trench;  the 
"braces"  being  the  cross  timbers  between  the  rangers. 

Bevetmoitt. — A  river  bank  protection. 

RMp.— An  Iron  band  around  the  head  of  a  pile  to  protect  it  from 
■plittlng  or  brooming. 

BoantliiiB. — A  timber  of  small  cross-section.  Also  the  cross-sec- 
tkm  dimensions,  as  a  "scantling"  of  4x16  Ins. 

Bearf  J'd4k(.~-A  Joint  made  by  overlapping  and  bolting  or  locking 
together  the  ends  of  two  pieces  of  timber  (hat  are  halved,  notched 
or  cut  away,  so  that  they  will  flt  each  other  and  form  a  lengthened 
stick  of  the  same  alie  at  the  scarf  Joint  as  elsewhere. 

Bcitiora.^^ee  Nlppera 

BBotoned. — Air  dried. 

SAset  Plies. — See  Pllea 

Shot. — An  Iron  point  over  'the  lower  end  of  a  wooden  pile. 

BiJl. — The  horlaontal  timber  of  a  trestle  bent  on  which.  tt|f|.  posts 

Blteetina  or  BheatMnff. — Plank  or  boards  forming  a.  watl|  or  a 
diaphragm. 

Skeleton  Braofng. — Trench  bracing  consisting  only  of  rangers  and 
cross  braces,  without  any  plank  sheeting, 

Btav  Lathed.— -Temporarily  fastened  with  small  cleats  or  braces 

Btrtnger. — A  longitudinal  Joist  In  a  floor  system. 

Btudt. — The  vertical  pieces  of  timber  (In  a  building)  to  which 
sheeting  la  fastened. 
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Stiimpage. — The  amount  paid  a  land  owner  lor  atandliiiK  Umber. 

Tenon. — A  projectlns  tongue  cut  on  the  end  of  a  Kick  of  Umber. 
8ee  Mortise. 

Ttmff*. — See  Nippera. 

Traated. — Pr«cerved  by  Impregnation  vlth  creosote,  sine  cUorlde, 
or  the  like. 

TreitU. — A  bridge  conatBtlng  of  bents  nipportlnK  a  floor  srsteoi. 
A  framt  trestle  consists  entirely  of  sawed  timber.  A  pole  trestle 
la  made  largely  of  round  poles;  none  of  which,  however,  are  used  aa 
pileo.     A  pile  trestle  has  bents  composeJ  of  piles.    See  Bent 

Wakefleld.—afM  Pile. 

Walt. — A  lonBltudlnal  timber  bolted  to  a  row  Of  piles ;  but  not  on 
top  Of  the  piles,  such  a  timber  being  a  cap. 

Water  /et. — Bee  Jetting. 

Wat/i. — See  Leada  Alao  the  Inclined  timbers  down  wbtch  any 
structure  la  launched  Into  the  water. 

Importance  of  TImberworfc, — Although  timber  win  be  used  to  a 
leas  and  leas  extent  for  permanent  engineering  atruetures,  tt  will 
long  have  a  wide  field  of  usefulness  for  falsework,  forms,  center^ 
temporary  trestles,  etc  In  foundations  thai  are  alwaye  under 
water,  timber  will  doubtleae  never  cease  to  be  uaed  to  a  conslderabla 
extent.  In  supporting  the  roofs  of  mining  excavations  timber  mar 
never  ceaae  to  be  used.  Trestle  bridges  for  railways  are  still  built 
extensively  In  the  West,  and  even  In  the  Elasi.  In  brief,  there  la 
and  long  will  be  an  enormous  amount  of  timber  used  annually  In 
engineering  construction.  It  Is  a  serious  mistake,  therefore,  to  re- 
gard a  knowledge  of  tlmberwork  as  being  comparatively  non-essen- 
Hal  to  the  engineer  of  the  future. 

Mesiurement  of  Tlmberwork. — Timber  U  told  by  the  1,000  fL 
B.  11  (thousand  feet  board  measure).  A  common  abbreviation  tor 
l.OaO  ft  B.  M.  It  the  letter  IC  One  foot  board  measure  Is  11  Ins. 
square  and  1  In.  thick,  which  Is  one-twelfth  cubic  foot.  To  esti- 
mate the  number  of  feet  board  measure  tn  a  sawed  stick,  mtlltlply 
the  end  dimensions  (In  inches)  together  and  divide  by  twelve,  then 
multiply  this  quotient  by  the  length  of  the  atlok  (m  feet).  For 
example,  In  a  lOilZ-ln.  atlck,  11  ft.  long,  there  are: 
10  X  12 

X  18  =  160  ft  B.  It 

12 

Tlmberwork  Is  paid  for  at  a  spMliled  price  per  If  for  the  timber 
measured  In  the  work.  The  contractor  must  be  cautious  to  make 
allowance  for  wastage  In  framing  the  timber.  Scarf  Joints,  for  ex- 
example,  may  cause  a  wastage  of  (%.  It  bridge  flooring  planka  are 
laid  diagonally  for  a  16-ft  roadway,  there  is  a  wastage  of  about 
t%  when  th*  ends  are  mwed  off  on  line  with  the  outer  stringers. 

Timber  Is  usually  sold  In  lengths  containing  an  even  number  of 
taet,  as  10,  12,  14,  18  ft  In  examining  plans,  the  contractor  should 
be  careful  to  note  whether  the  dimensions  are  such  as  to  require  the 
use  of  even  lengths  or  not.  for  a  carele«s  engineer  or  architect  may 
ao  design  a  structure  as  to  cause  a  large  wastage  of  timber. 
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In  meoaurliiK  dreaaed  lumlNr,  remember  that  th«  thlckneBB  ui«d 
tn  cftlcuIatJDK  the  number  of  board  feet  la  not  the  actual  thickness 
ot  tlw  dreaaed  board,  but  tha  thlckneaa  at  Ihe  orislnal  atock  from 
which  the  dreaaed  board  was  made.  Bo  alao  the  width  of  a  toDsue 
and  grooved  board  la  not  Ita  actual  face  width,  aa  laid,  but  It  la 
the  vldth  of  the  orlBlnal  board. 

Cubic  Contfltita  and  Weight  of  Pllaa  and  Polea.— Tabl«  I  glvea  the 
cubic  feet  conteuta  of  a  tapering  pole.  ThuB  a  pole  S  Ina.  dlam. 
at  tha  miall  end  and  IS  Ina  at  the  large  end,  contalna  O.Sl  cu.  ft. 
per  Un.  ft  at  pole  (see  Table  I>.  Hence  If  the  pole  la  3D  ft.  long. 
it  contalna  10  X  0.81  =  21.3  cu.  ft.  of  timber. 

The  weight  of  Umber  per  cubic  toot  Is  given  below. 

In  eatlmatlng  the  amount  of  lumber  that  can  be  lawed  from  a 
log,  the  following  rule  la  uaed : 

From  the  least  diameter  In  Inches  subtract  <,  divide  by  1(,  multi- 
ply bjr  the  length  In  feet,  and  the  quotient  Is  the  Dumber  of  feet 
board  measure. 

BEpressad  aa  a  formula,  we  have 

Ft  B.  H.  =1 Jdi. 

Wslght  of  Tlmberv~-The  coat  ot  hauling  timber  muat  frequently 
b«  estimated.  Timber  la  bought  by  the  M,  and  It  Is  well  to  remeni- 
ber  that  aa  U  contains  B3U  cu.  ft.,  which  at  a  qwclflc  gravity  of  1 
(the  same  aa  water)  would  be  S,Z0O  Ibn.,  or  Z.t  tons  per  M.  How- 
ever, only  very  denae,  green  oaks,  and  almllar  denae  timber,  ever 
have  a  specltlo  gravity  equal  to  1. 

Table  n  glvea  the  weight  of  timber  for  dUIerent  apeclflc  gravitlea, 
e  of  the  common  kinds 


Tellow   pine    (Southern)  . . . 
Norway   nine    (Northern).. 

Douglaa  nr   

White  pine  

White  oak  

Hemlock    


3  Pocketbook"  tor  the  moat  completP 


— WaiGHT  or  TiitBBB  Pn  Ci7.  Ft.  un>  Pia  U  Ft.  B.  M. 
Weight  per  I.OOO 
ft.  B.  U.,  Iba. 
E.SDO 
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Cott  of  Manufacturing  Lumbar.— A  contractor  will  often  And  It 
prontable  to  cut  and  saw  lumber.  A  20-hp.  portable  engine  will  run 
a  Bina.ll  ffiwmlU.  and  with  a  crew  of  &  men  the  output  will  be  about 
8,000  ft  R  M.  at  3-ln.  plank  per  day.  It  the  wages  of  the  e  men 
are  |10  a  day,  and  the  rental  of  tbe  engine  and  saw  la  (10  mora 
per  day,  the  cost  of  sawing  la  about  (i.EO  per  M.  The  price  of  the 
timber  as  It  stands  before  cutting,  is  called  the  stumpage  price,  and 
Uits  ranges  from  fl  to  |6  per  H.  The  cost  of  cutting  and  skidding 
honlock  loga.  I  have  found  to  be  about  tl  per  M,  half  of  which 
la  for  cutting  and  the  other  half  for  skidding,  wages  helng  fl-KO  a 
day.  The  total  cost  of  aawed  plank  in  one  case  was  as  follows; 
FerAL 

Stumpage    ll.EO 

Cutting     0.40 

Skidding    O.BO 

Sawing     !.E0 

Total   per   H (6.00 

I  have  been  told  by  a  lumberman  In  Washington  that  hla  "hog- 
ging" cost  him  IE  per  M.  wages  of  laborers  oeing  M  per  day.  This 
seems  like  a  high  coat.  It  Includes  cutting  the  trees  and  dragging 
the  logs  to  an  Incline  up  which  they  are  hauled  by  a  hoisting  engine 
to  a  chute,  down  which  they  are  slid  by  gravity  to  tidewater. 

Coit  of  Sawing  and  Planing  Lumber.*— In  connection  with  the 
operation  and  care  of  the  Muscle  Shoals  Canal,  U.  S,  Ooverament 
Tennessee  River  Improvement,  a  small  sawmill  was  used  for 
■awing  and  planing  lumber.  This  lumber  was  largely  used  In  build- 
ing and  repairing  boats  and  was  usually  sawed  and  planed  Just  as 
needed.  Consequently  the  mill  was  run  very  spasmodically,  some- 
thnes  t>elng  In  operation  all  day.  and  again  only  an  hour  or  so. 
The  men  operating  the  mill  were  used  on  other  work  when  not  em- 
ployed In  the  mill.  The  sawyer  was  paid  IGO  per  month  and  helpers 
from  tl.zO  to  11.50  per  day  of  8  hra. 

During  the  year  1901-E  a  total  Of  TT,E91  ft.  B.  H.  of  lumber  were 
Bawed  at  an  average  cost  of  (2.11  per  H,  and  68.121  ft.  B.  U.  were 
planed  at  an  average   of    fl.Sa   per   M. 

The  lumber  ranged  In  size  from  S  ft  to  46  fl.  long  and  from 
1-in.  boards  to  sticks  20-ln,  x   3(l-ln.   In  cross- section. 

The  planer,  which  would  take  a  stick  as  large  aa  S  x  24  Ins.,  was 
worked  by  the  same  operations  as  the  sawmill. 

The  mill  was  run  by  a  SB-hp.  Victor  turbine  and  had  a  *0-ln. 
circular  saw. 

Pric*  of  Yellow  Pine  lor  Fourteen  Ysars.t— The  "American  L«m- 
bermsn."  Aug.  22,  1908,  gives  a  very  complete  table  of  prices  of 
Southern  yellow  pine  lumber  of  different  classes,  from  which  we 
have  selected  the  prices  of  two  classes  only.  These  prices  apply  to 
lumber  delivered  at  points  that  are  reached  by  a  !3-ct.  rate  (per 

*at^sti*«aHng-Contnuitino,  Aug.  29,  1906. 
\B*gi'MeTing-Co*tTaoting,  Sept  2.  1908. 
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100  llw.)   from  the  mllla,  (uid  Includo  the  2i-ct  rrelght  r 


LIfa  of  Treltl*  and  Bridge  Timber*.' 
aan  Railway  Bridge  and  Building 
K  1«  the  aversKC  IKo : 


Lons  leai 

White  or  burr  oak  0 
Btringera. 


;av.  of  12  rya).. 


Long  leaf  pine  <dv.  of  10 

Douglas  flr   (av.  of  4  yra.). 

White  oaJt  (av.  of  i  rya.).. 

Piles: 


:  of  10   rya.).. 


Treated  pine  (a^ 

In  1893  a  committee  of  the  same  aiBOclation  oiade  a  similar  t»> 
port,  ot  which  the  following  is  on  abstract.  It  la  not  ao  rellabla 
as  the  report  above  given. 

The  lite  of  piles  Is  as  follows: 


In  water. 

Cedar,  white   (Wis.) 

Cedar   <Wiii.)    2S 

Chestnut    (New  Sngland) IB  to  SO 


Middle   States) . . 


Spruce    (New 


rorway   (Wla.).. 

'" —   Bng.)... 

(Colo.)... 


On  land. 


•Enif(necrinB-ControeHn(r,  Nov.  2B,   1908. 
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Tbib   life    of   unprotected    brldxe   timber,    whether    Id    ■trlngen, 
banti,  or  truasea.  Is  ai  follows: 

Pine,  yellow  long  leaf  (New  Bag.) 12  to  SO 


Pine,  yellow  long  leaf  (Hlsa. 

— 1  a-- 

("New 


Pine,  yellow  long  loaf  (III.) 

,.    _    ....    iCOlO.),. 


Pine,  yellow  long:  leaf  ( 
Pine,  white  (" —  " — " 
Pine,   white    ( 


-     -J   (Hlnn.) ■..■.■.■.■.■.'.■.".'.  10 

Pine,   Colorado    B  to  IB 

Pine.  Norway    (Win.) StolO 

Spruce    ( New  Bng. > StolO 

DoukIbs    flr    (Wyo.) 10  to  18 

DouglflB  flr    (Colo.) IS  to  2D 

Oak.   white    (Ohio) T  to    8 

Oah,    white    (111.) H  to  18 

Crpreaa,    rod     (Ala.) IS 

Siven  a  casual  Rudy  of  these  flsurea  shows  that  manr  of  them 
Bra  merely  rough  Euesaes.  For  e:iami>le,  why  should  white  oak 
timber  In  Illlnole  last  twice  as  Ions  as  In  Ohio.  The  reports  for 
these  two  states  are  from  different  superintendents,  which  accounts 
for  the  discrepancy. 

The  life  of  timber  truss  brldfces  protected  from  the  weather  was 
reported  to  be  20  to  GO  years,  several  superintendents  saylns  in- 
definlteiy. 

CTonsult  the  section  on  Railways  tor  life  of  timber,  particularly 
Ues. 

Life  of  Treated  and  Untreated  Fence  Post*,— A  committee  of  the 
Am.  Ry.  UngrfC-  and  Hn.  of  Way  Assoc,  reported  In  1901  that  the 
average  life  of  fence  posts  Is  as  follows: 

(%estnut  and  oak 9  years 

Locust     10  years 

Catalpa    IS  years 

Cedar    IB  years 

Bols  d'Arc    Everlasting 

Mr.  B.  B.  BuBum  made  some  experiments  In  Wyoming  with  80 
pitch-plne  fence  posts,  by  treating  them  In  three  dltterent  ways. 
The  posts  were  placed  In  1891  and  In  IS07  the  following  conduslotis 
were  reached.  The  best  treatment  consisted  In  dipping  the  lower 
S%  ft  of  post  In  CaiMoTDia.  (?)  crude  aephaltlc  oil  and  then  burn- 
ing off  the  outside  all.  This  drives  the  hot  oil  Into  the  post  and 
chars  the  outside.  After  16  years  these  posts  seemed  good  for  a  life 
of  fully  so  yeari^  as  they  were  as  sound  as  the  day  they  were 
placed. 

Ot  IE  untreated  posts  the  life  was  estimated  as  follows : 
Bitimated  life, 
Ntimber.  years. 

IS    ■ 
14 
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A  treatment  al  the  lower  2^4  ft,  of  the  post  wtth  tar  was  leM 
effectEve  than  with  crude  oil,  and  tt  seemed  to  make  UtCIe  dlfter- 
ence  whether  the  tar  was  burned  oFT  or  not.  Of  ten  posts  thus 
treated  8  appeared  to  he  good  for  a  Ufa  of  20  years  or  more. 

Peats  Blmply  well  charred  seemed  EYtod  for  a  life  of  about  10 

For  cost  of  fences  see  the  sections  on  Railways  aod  on  Mlscel- 

laneoua  Costs. 

Life  or  CrMiotsd  Ties.— In  ISSO-S,  some  lEO.OOO  ties  were  creo- 
BoCed  with  10  lbs.  o(  oil  per  cu.  ft.  and  put  In  the  tracks  of  th* 
Houston  and  Texas  Central  Ky.  In  180T,  there  were  atlll  11,300  In 
service,  and  Mr.  O.  Chanute  eatlroated  that  the  average  lite  had  been 
19.35  year«. 

Coat  of  Treatlno  Timber,  Cross  Rafercnoea, — The  steadily  advanc- 
ing price  of  timber  has  lead  to  "treating"  timber  With  preserva^ 
lives,  such  a«  creosote  and  tlno  chloride. 

Cedar  may  be  resarded  as  a  timber  containing  a.  natural  pre- 
servative—the oil  of  cedar,  which  la  too  often  "killed"  by  kiln 
drylDK  to  reduce  the  weight  before  shipment 

In  addition  to  the  data  tn  the  following  poceat  consult  that  part 
of  the  section  on  Hallways  relating  to  tie  preservation.  See  the 
index  under  "Timber,  Preserving." 

Process  Tniitment  of  TImt>er  snd  Approximate  Cost*.* — Mr.  Q.  B. 
Shipley  is  author  of  the  following: 

The  evolution  of  timber  preserving  processea  In  this  country  with- 
in the  last  tea  years  has  developed  many  new  methods  of  treating 
ties,  piling,  timber,  poles,  crossarms.  mine  timbers,  etc..  and  a  great 
many  antiseptics  or  compounds  are  being  proposed,  but  the  subject 
Is  of  such  vital  Importance  thai  the  leading  organluitlons  are  back- 
ward atraut  experimenting.  Conaequently  the  processes  actually  em- 
ployed may  be  subdivided  Into  only  two  methods  and  these  are  the 
full  cell  and  partial  cell  treatmenta  The  full  cell  treatment  conslsia 
Of  Impregnating  the  wood  fibres  and  Illllng  the  cells  with  the  anti- 
septic, whereas  the  partial  cell  treatment  eonalata  of  Impregnating 
the  wood  DtMrs  only.  These  two  methods  are  sometimes  confused 
with  processes  or  the  manner  In  which  the  treatment  is  performed. 

The  treatment  o(  wood  depends  upon  where  the  wood  will  be 
used,  the  climatic  conditions,  the  permissible  cost  of  treatment  and 
the  wood  structure.  If  flrst-class  wood  is  to  be  used  for  such  work 
as  docks  around  salt  water,  telegraph  poles,  building  (oundattons 
or  for  railroad  ties,  where  there  is  no  mechanical  wear,  the  full 
cell  method  la  best,  but  [f  the  wood  Is  soft  and  not  protected  from 
meehsnical  wear,  then  the  partial  cell  method  will  be  »8.Uafaotorjr 
for  the  reason  that  with  the  latter  method  the  chemical  life  wtU 
be  equivalent  to  the  mechanical  lifa 

f^tiatneeriitff-Contractlitg,  Jan.  IB,  1910. 
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The  Important  proceaaea  tbat  are  In  uae  In  thia  conntrr  and 
which  may  be  classed  under  the  full  cell  method  are  the  bumettls- 
InKr  Wellhouse,  full  9ell  creosote  and  card  procesaeo,  and  those  which 
mar  be  classed  under  partial  cell  method  are  the  Reuplne,  Lowry 
and  absorption  processes.  These  processes,  with  the  exception  ot 
the  Bbsorptlon  process,  are  manipulated  by  mechanical  contrivances, 
such  as  pressure  pumps,  vacuum  pumps  and  air  compressors  and  can 
be  controlled  to  suit  the  wood  structure,  while  with  the  absorption 
process  the  treatment  [s  governed  by  temperature  and  atmospheric 
pressure,  therefore  Is  limited  to  certain  wooda 

fiurnettMHp  Procata. — This  Is  often  referred  to  as  the  line  chlo- 
ride procese  and  conslKs  of  impregnating  the  wood  Qbers  with  a 
aaluUon  conlainlnB-  H  lb.  of  dry  line  chloride  per  cubic  foot  Of  Wood 
and  1*  operated  as  follows:  The  wood  Is  flrst  air  seasoned  in  the 
open,  or  steamed  In  retorts  to  expel  the  molature,  then  a  vacuum  Is 
produced  and  maintained  until  the  solution  Is  introduced  and  the 
wood  Is  completely  submerKed,  the  pressure  Is  then  Increased  to 
about  100  Iba  or  IZG  Iba  per  sq.  In.,  by  pumping  In  additional  solu- 
tion until  the  reiniired  penetration  and  ImpregTiatlon  Is  obtained. 
When  the  solution  la  drained  from  the  retort  The  approximate 
time  required  for  the  process  Is: 

Hra.        Ulna 

flteaming    to    20    Iba    pressure.... 0  SO 

Steaming.  20  Iba  lo  36  lbs.  pressure.. S  SO 

Blowing  oR   steam ft  IS 

Vacuum    0  4E 

Solution  t<      ■      ■  """  "-   

Solution  n ._  . 

Forcing  back  solution.. 

Total   cycle   T  IB 

If  the  steaming  tlnw  Is  reduced  2  hra..  then  the  total  crcle  la  G  hra. 
le  mine. 

WellAouse  Process. — This  is  often  referred  to  as  the  zinc  tannin 
process.  It  consists  of  Impregnating  the  wood  libers  with  a  hot 
solution  containing  about  U  lb.  of  dry  alnc  chloride  plus  ^%  of 
'  glue  or  gelatine  per  cubic  foot  of  wood,  then  following  l>y  Injecting 
a  second  solution  containing  K%  ot  tannic  acid.  The  purpose  of 
the  tannin  Is  to  solidify  the  first  Injection  to  prevent  leaching. 

The  wood  is  flrat  atr  seasoned  In  the  open  Or  steamed  In  retorts  to 
expel  the  moisture,  then  a  vacuum  Is  produced  and  maintained  until 
the  solution  la  Introduced  and  the  wood  Is  completely  submerged, 
the  pressure  is  then  Increased  to  about  100  to  IZE  lbs.  per  Sq.  In. 
by  pumping  In  additional  solution  until  the  required  penetration  and 
Impregnation  are  obtained,  when  the  solution  is  drained  from  the  re- 
tort and  the  second  movement  takes  place  by  niling  the  retort  with 
a  BOlutlon  containing  tannic  add  and  increasing  Ihe  pressure  by 
pumping  in  additional  solution  at  about  ]D0  or  I2S  Iba  per  sq.  In. 
untn  the  required  penetration  is  obtained,  when  the  solutian  Is 
drained  from  the  retort.     The  approximate  time  required  Is: 
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UaEimom  Time, 


Steamine-  to  SO  Iba.  pr«uure 
Steamlnc  20  to  3S  lbs.  press 


Vacuum    0  41 

Solution  and  irlue  to  100  Itw.  pressure 0  41 

Solution    eni)    glue    maintained    at    100    lb& 

pressure     1  II 

Forcing  back  solution  and  glue 0  II 

Tannin  introduced  to  100  Iba.  preBBUre 0  Si 

Tannin   maintained  at   100  lbs,    pressure 0  G< 

ForcinK  back  tannin 0  II 

Total  cycle   8  4< 

It  ateamlnK  time  Is  roduced  t  hra.,  then  the  total  OTcte  « 
t  hrs.  40  mina 

Absorption  Proceu. — This  Is  often  referred  to  as  the  iv 
proccH  consists  of  eubmerglns  the  wood  In  a  bolUng  preserva- 
tive Bt  a,  temperature  of  from  180°  to  330>  F.,  then  followlnx  with 
ft  cold  preservative  as  follows:  Tbe  wood  la  first  air  seasoned  In 
the  open  to  reduce  the  moisture,  then  placed  In  either  an  open  or 
closed  receptacle  where  It  Ih  BubmerKSd  In  a  hot  preservative 
which  expels  the  air  and  additional  moisture ;  the  receptacle  Is  then 
drained  and  the  wood  submerged  In  a  cold  preservative.  The  first 
movement  opens  the  pores  or  cella  of  the  wood  formlns  a  vacuum 
within,  while  the  second  movement  causes  abBorptton  due  to  the 
difference  In  temperature  and  atmospheric  pressure.  This  process 
can  l>e  used  In  either  open  tanks  or  closed  retorca  For  treating  the 
butts  of  poles,  fence  posts,  piling  and  small  quantities  of  ties  the 
open  tank  Is  satisfactory,  but  for  treating  large  quantities  of  ma- 
terial the  closed  retort  la  recommended  where  thorough  In^reg- 
natlon  Is  desired.    The  time  of  treatment  Is  as  follows: 

Boiling  In  hot  preservative  from  S  to  10  hrc 

Bath  In  cold  preservative  from   B  to  IS  hra. 

Total  time  of  treatment,   1«  to  ZE  hrs. 
Seasoned  Timber. 

Boiling  In  hot  preservative  from  1   to  0  hrs. 

Bath  of  cold  preservative  from  4  to  8  hrs. 

Total  time  of  treatment,  7  to  14  hrs. 
With  this  process  It  is  possible  to  impregnate  a  limited  class  of 
woods  witb  about  6  to  12  Iba  of  concrete  oil  per  cubic  foot 

Full  C«IJ  Crtotote  Process. — This  consists  of  Impregnating  the 
wood  flbera  and  cells  of  ties  with  0  to  12  Iba  of  creosote  oil  per 
cubic  foot  and  timber  and  piling  with  10  Iba  to  10  Iba  of  creosote  Oil 
per  cubic  foot,  as  follows :  The  wood  Is  first  seasoned  In  the  open  or 
steamed  In  the  retorts  (generally  both)  to  reduce  the  moisture  and 
expel  the  sap ;  then  a  vacuum  Is  produced  and  maintained  until 
the  creosote  oil  la  Introduced  and  wood  Is  completely  submerged. 
The  pressure  la  then  Increased  to  about  100  to  I2E  Iba.  per  sti.  in. 
and  maintained  until  the  desired  penetration  and  Impregnation  Is 
secured,  when  the  creosote  oil  la  drained  from  the  tanka  In  some 
cases  a  vacuum  la  produced  and  maintained  at  the  finish  to  drain 
the  surplus  oil  from  the  exterior  of  wood  to  r.revent  loss  by  drippage 
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after  the  wood  has  boen  removed  from  retorti.     Tbe  approxImatA 
time  roQUired  ts: 

lO-lb.  Treatment. 
Hrs.         Mlns. 

Steaming  to  30  lbs.   presmire 0  30 

Steaming;  SO  to  SS  Iba.  preMure S  >D 

Blowing  ofC  steam 0  IE 

Vacuum     0  4S 

Creosote  to  100  Iba  pressure 1  SO 

Forcing  back   solution 0  IE 

Vacuum    80 

Total  cycle   7  IG 

If  the  steaming  time  Ih  reduced  2  bra.,  then  the  total  cycle  equals 
fi  bra  IB  mlns. 

Bueptno  Proeeaa. — This  Is  often  referred  to  as  a  partial  cell 
treatment  and  It  Is  used  principally  In  connection  with  creosote 
OIL  It  consists  of  forcing  compreaned  air  Into  ttie  pores  or  cells 
of  wood  and  at  a  higher  pressure  creosote  oil  without  relieving  the 
air  pressure  and  upon  relieving  the  combined  pressure  the  air 
expands  and  forces  out  the  surplus  oil.  leaving  wood  flbrea  Im- 
pregnated. The  wood  Is  flrst  air  seasoned  In  the  open  or 
steamed  In  the  retorts  (sometimes  both)  to  reduce  the  moisture; 
with  compressed  a!r  and  by  air  equalizing  reservoirs  or  pumps 
the  retorts  are  tilled  with  oil  without  releasing  the  air  pressure. 
The  all  pressure  Is  thus  started  at  tram  80  to  100  lbs.  per  sq.  in. 
and  gradually  Increased  to  atxiut  100  to  lEO  lbs.  per  sq.  In., 
having  the  effect  of  compressing  the  air  In  the  cells  to  h  Emaller 
volume  and  permitting  about  10  to  It  lbs  of  creosote  per  cubic  foot 
to  enter.  The  pressure  la  then  released  and  the  oil  drained  from 
the  retorts:  Chen  a  vacuum  is  produced,  which  causes  the  air  within 
the  cells  to  expand  and  forces  the  surplus  oil  out  of  the  wood, 
leaving  the  wood  fibres  Impregnated  with  from  4  to  0  lbs.  of 
creoeote  per  cubic  toot.  This  process  Is  best  adapted  for  treat- 
tnent  of  ties.  The  approximate  time  required  using  equalising 
cylinders  Is; 


Air  to  SO  lbs.  pressurs 

Transferring  oil   

Creosote  to  IGO  lbs.  pi 
Maintaining  ISO  Iba 
Forcing  back  oil. 


I  SO.  lbs.  .1 

.  pressure. . 


Maintaining   vacuum    0  IE 

Draining    •  ID 

Total  cycle   t  20 

TUB  time  Is  "based  on  thoroughly  air  seasoned  tle& 
Lowry  Proeeaa. — This  is  often  referred  to  as  a  partial  cell  treat- 
ment and  it  Is  used  In  connection  with  creosote  oIL  It  consIstB  of 
forcing  crsosote  oil  Into  the  wood  cells  and  then  drawing  out  by 
vacuum  tlie  surplus  oil,  leaving  only  the  wood  flbres  Impregnated. 
The  wood  Is  first  air  seasoned  In  the  open,  then  placed  In  retorts 
and    submerged    In    creosote.      The   pressure   is   then    applied    by 
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torcInK  In  additional  creosote  of  10  to  12  lbs.  per  cu.  (t.  at  about 
ISO  lbs.  pressure  so  as  to  saturate  ttie  pores  and  cells,  after  which 
the  retort  Is  drained  and  a  quick  vacuum  Is  produced  and  main- 
tained from  IH  to  S  hra,  leaving  the  wood  flbres  impregnated  with 
from  4  to  e  lbs.  of  creosote  per  cubic  fooL  This  proceaa  la  used 
prlnclpallr  In  the  treatment  of  tlea.  The  approximate  time  re- 
quired Is: 

Ties  thoroughly   seasoned:  Hrs.        Hlna 

Creosote  to  180  lbs.  pressure S  00 

Draining   oil  from   retort 0  10 

Vacuum    I  00 

DralnlDK     0  ID 

Total  cycles  about 4  so 

Card  iYacess.— This  process  consists  of  Impregnating  the  wood 
cells  with  an  emulsion  consisting  of  iJno  chloride  and  creosote 
oil.  as  follows:  The  wood  Is  first  air  seasoned  in  the  open  or 
■teamed  In  the  retorts  (generally  both)  to  reduce  the  moisture  and 
expel  the  sap.  Then  a  vacuum  Is  produced  and  maintained  for  1 
hr.,  when  the  retort  is  fliled  with  the  hot  emulsion  consisting  of  ^ 
lb.  of  dry  zinc  and  from  1 U  to  4  Iba  of  creosote  per  cubic  foot. 
The  pressure  Is  then  applied  by  forcing  In  additional  emulsion  at 
about  100  to  160  lbs.  pressure  per  square  Inch,  alter  which  the 
retort  Is  drained  and  a  vacuum  produced  and  maintained  for  atiout 
30  min.  to  draw  the  surplus  emulsion  from  the  exterior  of  the 
wood    to    prevent    loss    by    drlppage  when    wood    Is    removed    from 

It  is  necessary  to  keep  the  emulsion  constantly  agitated  to 
prevent  a  separation  of  the  sine  and  creosote  and  to  accomplish 

this  a  centrifugal  pump  draws  the  emulsion  from  top  of  retorts 
and  discharges  into  the  bottom  of  the  perforated  pipe. 

This  process  Is  used  principally  In  the  treatment  of  tlea  The 
approximate  time  required  Is: 

Hrtk  Hiss. 

Steaming  to  20  lbs.  pressure 0  SO 

Steaming,    20  to  35   Iba  pressure S  SO 

Blowing   olf   steam 0  10 

Vacuum     I  00 

Emulsion  to  120  lbs.  pressure 1  00 

Maintaining  120  lbs.  pressure 1  30 

Forcing  back  oil 0  IS 

Vacuum    v  !!D 

Draining     0  10 

Total  cycle  about..... 8  ZE 

tf  the  steaming  time  Is  reduced  t  hrs.,  then  the  cycle  equate  6 
lirs.  25  mina  It  ties  are  thoroughly  seasoned  this  time  can  be 
reduced  to  4  hrs.  2S  mina 

Coji  of  Trealment. — The  prevailing  rates  for  treating  material 
with  these  processes  depend  upon  locality,  structure  of  wood,  con- 
dition of  wood :  that  Is,  whether  It  has  been  air  seasoned  or  requires 
■teaming,  residual  Impregnation  and  quality  to  be  treated ;  however. 
It  is  safe  to  assume  that  the  following  Is  an  average  rate  when 
taking  creosote  at  10.07   per  gal.  and  line  chloride  at  (0.04  per  lb. 
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T  K  8-ln.  X  g-tt     1,000  tt. 
Procesa.  tla.  B.  M, 

BuraettUlnB  H  lb.  Hue  chloride  per  cu.  tt..t0.1T  fl.lO 

W«Ubou>e,   etc o.za  E.eo 

Card    0.26  0.10 

Rueptng    0.3S  T.GO 

liowry     0,S2  7. SO 

AbBorptlon     .- 0.33  T.gO 

Full    cell 0.47  ll.lB 

Coat  of  Crcosoting  and  Llf«  of  Creototed  Timber.— Mr.  O.  T.  Dunn 
Blvee  the  following  data;  CreOBotLne  coats  tlG  to  |20  per  U. 
AsBumlnK  thai  two  (-ft.  cylinders  100  fl.  long  are  used,  the  capacity 
of  each  cylinder  la  18,800  ft.  R  M.  The  total  plant  will  coat,  eay, 
fSO.OOO.  If  the  timbers  are  to  be  Impregnated  with  20  Iba.  of 
creosote  per  cu.  fL,  It  will  take  about  38  hrs.  for  a  run,  and  the 
annual  capacity  of  the  plant  will  be  nearly  T.OOO  M.  If  the  Interest 
and  depreciation  of  the  plant  la  aaaumed  at  10%  we  have  $8,000  -i- 
T.OOO  =  $1.14  per  M.  charEBBble  to  thia  Item.  The  labor  will  coat 
about  $3.75  per  M.  If  the  oil  coats  i  cts.  per  sal.,  and  20  Iba. 
be  used  per  cu.  ft.,  the  cost  of  oil  Is  $15.33  per  M.  This  mahea 
a  total  of  $20.22  per  M.  It  18  lbs.  of  oil  per  cu.  fl.  are  used,  the 
coat  of  oil  1b  $10.26  per  M..  thua  reducing  the  total  cost  hy  $5. 
If  the  plant  Is  not  worked  to  Ua  full  capacity,  the  Interest  charge 
per  U.   becomes  greater. 

Treated  with  20  lbs.  of  oil  per  cu.  ft.,  piles  In  the  bridge  of  the 
L.  *  N.  R.  R.,  over  the  mouths  of  the  Fascagoula  river,  have 
been  In  the  structure  28  years,  and  will  he  good  for  many  years  to 
coma  These  piles  are  subject  to  attacka  of  the  teredo,  where 
uncreosoted  pllea  IH  n.  In  diameter  have  t>een  cut  oS  by  the 
teredo  In  a  stngle  year. 

Beech  ties  Impregnated  with  12  lbs.  of  oil  per  cu.  ft  have  lasted 
SO  years  on  the  Eastern  Hallway  of  France. 

Mr.  Ihinn  underestimates  the  "plant  charges,"  for  while  10%  for 
interest  and  depreciation,  may  be  ample,  11  does  not  provide  for 
current  repairs.  No  data  are  available  to  determine  what  repairs 
will  amount  to.  but  I  should  put  the  Kern  at  leaa  than  another 
10%  of  the  flrst  cost  of  the  plant,  excluding  land  and  buildings. 

Cost  ot  CrsoMting  Ties.— Mr.  W.  H.  Knowlton  gives  the  follow- 
ing relative  to  a  tie  creosottng  plant  at  Shirley,  Ind.  Ties  are 
first  seasoned  8  to  12  moa,  then  loaded  on  "buggies,"  BE  ties  per 
buggy,  ninning  on  30-ln.  gage  trat^  made  at  i>3  lb.  rails.,  and 
hauled  In  trains  of  IS  buggies  by  an  electric  motor.  There  are 
100  bugglea  Two  retorts,  T  ft.  diam.  x  130  ft.  long,  receive  these 
trains  of  ties,  hence  each  retort  holds  SOO  ties.  The  boilers  are 
rated  at  200  hp.  The  following  force  Is  required  to  work  one 
shift: 

1  man    at    the    boilers. 

1  headman  in  retort  house. 

3  assistant  a 

IB  laborers  to  handle  ties. 

1  machinist. 
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When  worUng  at  full  capacity,  two  sbltts  are  run.  Tho  Isborera 
receive  K  ct  (or  each  tie  handled. 

Bach  tie  receives  about  SH  gala,  of  oil,  coating  ■  Cta  per  gal. 
(In  1906),  and  having  a  apecl&c  gravity  of  l.DZ  to  1.07,  aveiaglng 
LOCK,  A  chemist  analyxea  all  oIL  The  charge  for  tia  treatlOB  Is 
30  eta  per  tie,  Including  loading  and  unloading  tlea.  Thla  plant 
coat  ahout  ITS, 000.  Working  only  one  shift  per  day,  and  allowing 
C  hra  for  treatment  of  tlca  the  two  retorts  would  handle  3,200 
tlea  per  day,  or  about  900.000  per  year.  Hr.  Knowlton  doea  not 
give  the  output  but  states  that  tlea  are  left  In  the  retort  SU  to 
6  hra 

Coat  of  a  Zinc  Chloride  Treating  Plant — A  zinc  chloride  tja  treat- 
ing plant  was  built  In  1902  at  Carbondale,  111.,  for  the  Ayer  & 
I«rd  Tie  Co.  It  has  S  cyllndera  or  retorta,  I  (t.  dlam  X  ItS  ft. 
long,  and  the  plant  capacity  is  2,000,000  tiOB  per  year,  or  SSO.OOO 
per  retort.  Bach  cylinder  holds  11  Iron  cari;  each  with  30  to  40 
ties,  or  about  GOO  tlea  The  buildings  are  of  brick.  The  main 
building  Is  116  X  123  ft,  the  retort  room  being  90  x  IIS  ft  Tha 
boiler  house  contains  six  tubular  bollera  S  X  18  ft.  The  total  cost 
at  the  plant  Is  said  to  have  been  tlTE,O0O,  encluslve  of  yards  and 
tracka  Thla  Is  equivalent  to  about  |22,000  per  retort  Including 
buildings;  etc.,  or  about  90  eta  Is  Invested  In  the  plant  per  tie 
treated  annually.  See  the  section  on  Railways  for  other  data  on 
line  chloride  plant  costa 

Ties  Treated  With  Crude  Asphaltic  Oil.— On  the  A.  T.  &  S.  F. 
Ry.  some  seasoned  pine  tlea  were  Impregnated  (In  190!)  with 
California  crude  oil  under  a  pressure  of  ISO  Iba  per  sq.  In.  Elach 
tie  took  up  -t  to  8  gnls.  of  oil  containing  TTK%  of  asphaltum. 
After  G  years  of  service  they  were  In  first  class  condition,  although 
untreated  ties  In  the  same  locality  (Scutheastem  Texaa)  tasted 
only  2  to  1  years  on  account  of  the  tieat  and  inolature. 

General  Data  on  ths  Cost  of  Framing  and  Erecting  Timber. — A 
atudy  of  the  data  given  In  the  subsequent  pages  of  this  section  and 
In  the  sections  on  Buildings  and  on  Railways  will  show  that  It 
seldom  needs  cost  mora  than  110  per  It.  to  frame  and  erect  almost 
any  kind  of  a  timber  structure.  In  fact  |10  per  IL  la  generally 
used  by  many  contractors  as  a  basis  (or  a  rough  estimate  of  the 
labor  cost  of  any  timber  work.  Nevertheless,  It  should  not  be 
hastily  assumed  that  labor  on  tlmberwork  doea  not  vary  ctm- 
sldert^ly  In  cost,  depending  on  the  character  of  the  work.  While 
It  win  rarely  exceed  (10  per  M.  under  good  management  It  may 
often  be  done  for  as  little  as  $1,  and  I  have,  In  fact,  had  men 
lay  plank  roada  for  GO  eta  per  H.  These  very  low  costs  are 
obviously  obtained  only  where  there  la  no  framing,  measuring, 
or  sawing,  but  simply  handling  and  spiking  the  timber.  Syea  In 
auch  simple  casea  a  little  poor  management  may  run  the  coat  up 
to  %2  or  tl  per  M. 

I  have  made  no  mention  of  the  rate  of  wagea,  for  the  coat  per 
U.  has  been  almost  Independent  of  rates  of  carpenter^  wagea 
This  seems  Incredible,  but  I  find  It  to  have  been  so,  as  a  general 
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rule.  Rallwar  compftnles  In  America  have  Ions  paid  about  t2-E0 
p«r  10  br.  day  to  carpentera  in  shops  and  on  bridge  and  building 
work.  ContraetorB  doing  Blmllar  woric  olten  par  carpenters  (3.00 
to  even  fS.&O  per  8  br.  day,  and  get  the  work  done  at  less  cost 
per  V.  than  do  the  railway  companiea.  The  reason  la  not  far  to 
•eek.  By  a  process  of  natural  selection  the  hard  working,  ambitious 
carpenters  are  soon  found  where  higher  wagaa  prevail,  and  their 
bard  work  Juatlfles  the  higher  wage.  It  Is  the  old  story.  Of 
course.  It  Is  also  a  fact  that  the  averago  contractor  Is  a  much 
better  manager  than  the  average  railway  mperlntendent.  That  Is 
why  the  one  la  a  contractor  and  the  other  1b  a  superintendent. 
This  is  not  true  of  all  Individuals,  but  It  Ib  true  of  the  claasea  taken 
aa  classes.    The  workman  Is  usually  worthy  of  his  hire. 

It  does  not  follow,  however,  that  tabor  unions  mar  not  force  up 
wages  without  likewise  forcing  up  the  output  of  the  workmen. 
This  unfortunate  con dltlon^un fortunate,  tiecause  It  IB  against 
the  best  ultimate  Interests  Of  the  workmen  themselves — exists  In 
many  cities. 

Nor  does  tt  fallow  that  It  Is  not  good  economics  to  use  common 
laborers  aa  much  aa  possible  In  heavy  timber  work.  The  usual 
mistake  In  management  of  tlmberwork  Is  to  let  hlgfa  priced  car- 
penters do  loading,  carrying,  cross-cut  sawing,  etc.,  which  can  be 
done  Just  as  weU  by  common  laborera 

Cost  of  Loading  and  Hauling  Timber.— One  man,  assisted  by  the 
driver  of  a  team,  will  load  1  M.  of  i-la.  plank  onto  a  wagon  In 
about  10  mins.  These  same  two  men  will  imload  In  12  mina.  With 
wages  at  IE  cts.  per  hr.  per  man,  the  cost  of  loading  Is  8  eta  per 
H.,  and  unloading  la  S  cts.  per  U.  On  short  hauls,  where  the  team 
la  Idle  during  the  loading  and  unloading,  It  Is  necessary  to  add  T 
eta  more  per  SL  for  lost  team  time,  If  the  two  horses  are  worth 
IE  cts.  per  hr.  This  makes  a.  total  at  21  cts.  per  U.  tor  loading 
and  tinloading  a  wagon,  Including  lost  team  time.  Green  timber 
weighs  from  3  Iba  to  E  Iba  per  ft  B.  M.,  depending  upon  the 
kind.  Assuming  1  Iba,  aa  an  average  Illustration,  we  see  that  1  IrL 
weighs  2  toaa,  which  1b  a  good  load  far  hard  earth  roads  in  first- 
class  condition.  If  the  wages  of  a  team  and  driver  are  30  eta 
per  hr.,  and  the  load  la  1  U..  and  the  speed  going  and  coming  la 
iK  miles  per  hr.,  the  cost  of  hauling  Is  nearly  2E  cts.  per  If. 
per  mile  measured  one  way  from  loading  point  to  unloading  point. 
On  muddy  earth  roads.  1  ton,  or  %  M.  Is  often  a  good  load ;  then 
the  cost  of  hauling  Is  nearly  SO  eta  per  M.  per  mile.  I  have  known 
earth  roads  to  be  so  bad  that  hauling  cost  TG  eta  psr  U.  per  mile. 
Consult   the  Index   under  "Hauling"   for   further  data. 

Th*  cost  of  unloading  timber  from  wagons  can  be  entirely 
^mlnated  by  having  a  roller  3  ft.  long  (or  two  18  Ina  long)  at 
the  rear  end  of  the  wagon  box,  and  by  tilting  the  wagon  box 
up  BO  that  Its  front  end  Is,  aay,  2  tt.  higher  than  the  rear  end. 
The  roller  Is  provided  with  a  ratchet  wheel  and  a  dog.  Where 
the  dog  Is  tripped  the  timber  rolls  out  of  the  wagon  by  gravity. 
If  long  sticks  are  on  the  wagon.     If  sticks  are  short,  other  rollers 
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muHt  be  placed  in  the  bottom  or  the  wbbdii  box.  All  rollers  are 
mounted  in  bearings,   of  course. 

sawing,  Boring  and  Adzing.— In  heavy  timberwork  tbe  coat  o( 
tramlnK  consists  mainly  In  sawing,  boring  and  adxing  the  stlcki. 
Where  a  large  number  o(  sticks  are  to  be  sawed  to  the  same 
length  It  generally  pays  to  Install  a  amall  power  saw;  but  on 
Jobs  of  moderate  siie  the  customary  practice  Is  to  frune  tba 
timbers  with  a  cross-cut  saw  operated  by  two  men.  Using  a  sliarp 
saw  and  working  rapidly  two  men  can  cross-cut  a  II  X  12-in.  oak 
stick  In  3  mlii&,  but  It  Is  generally  sater  to  allow  S  mlns.  to 
cover  deUya 

When  a  timber  Is  to  be  notched,  or  acarted,  a  cross-cut  saw  U 
used  to  cut  to  the  bottom  of  the  scarf,  then  a  hatchet  or  ada  Is 
used  to  cut  away  the  wood  roughly,  and  an  adi  Is  used  to  dress 
tlie  face.  I  have  seen  poor  foremen  permit  workmen  to  use 
chisels  Instead  of  adzes,  thus  "making  the  Job  last." 

A  "dap"  Is  a  shallow  notch  cut  In  a  slick. 

Hortlse  and  tenon  joints  are  no  longer  Used  by  those  who  know 
how  to  design  economic  and  durable  timber  structures  Dowel 
pins   and   drift-bolts   have   largely    replaced   the   old   mortise   and 

In  boring  holes  for  bolts,  there  are  three  methods  commonly  used: 
(1)  Boring  by  hand  with  ship  augers;  (2>  boring  vertical  or  In- 
clined holes  of  moderate  depth  with  hand-power  boring  machines; 
«ad   (3)   boring  wllh  augers  operated  by  compressed  air. 

A  tnan  with  a  ship  auger  will  bore  a.  IK-ln.  hole  In  oak,  IS  Ina 
deep  In  E  mins.  or  at  the  rate  of  120  It.  In  10  hra 

Using  a  geared  boring  machine,  a.  man  will  bore  a  1-ln.  hole 
II  Ins.  deep  In  I  mlna,  by  hand,  or  at  the  rate  of  300  ft.  In  10  lira. 

With  a  pneumatic  auger  a  man  will  bore  a  1-ln.  bole  S^  ft 
deep,  In  yellow  pine  chord  members  of  a  trestle.  In  G  rolna.  of 
actual  boring  time,  but  2  mlna  more  must  tie  added  for  cleaning 
the  shavings  out  of  the  hole,  and  moving  to  the  next  hole,  making 
7  mins.  In  all  for  3^  ft.,  or  I  mlns.  per  ft,  or  at  the  rale  of  30f 
ft  In  10  hra. 

This  la  the  most  economic  method  of  boring  where  much  work  Is 
to  be  done.  For  cost  of  operating  pneumatic  machines,  see  Index 
under  Pneumatic   Machines. 

Mr.  W.  E.  Smith  states  that  In  building  an  ore  dock  thre« 
pneumatic  boring  machines  were  used.  The  air  was  supplied  by 
two  9-io.  Weatlnghouse  locomotive  air  [umps,  through  1,100  ft  of 
m-In,  pipe  in  one  direction  of  the  dock  and  through  1,000  ft.  of 
1%-ln.  pipe  in  another  direction  to  the  tramlnK  yard.  For  air 
receivers  there  were  one  locomotive  air  reservoir  on  the  dock  and 
one  In  the  framing  yard.  The  air  pumps  had  to  work  so  fast  to 
supply  air  that  a  stream  of  water  had  to  be  kept  running  over 
their  valves  to  keep  them  cool.  It  would  require  a  10  hp.  boiler  to 
supply  steam  for  one  of  the  air  pumps  working  at  miCti  a  qteed. 
While  these  nir  pumps  use  a  good  deal  of  steam,  they  are  very 
convenient,  tor  they  are  light,  easily  moved  and  can  be  bolted  up 
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anywhere  to  a  wall  or  Doat  The  pneumatic  borcra  were  run  wttb 
a.  pressure  of  SO  to  90  lbs.,  and  gave  greal:  saClBfactlon. 

In  the  following  paragraphs  will  be  found  a.  Btatement  thai  In 
boHng  by  hand,  each  man  averagred  SO  fX.  at  hale  per  day  bored 
through  trestle  Htringera,  presumably  %  or  1-ln.  holes,  averaging 
less  than  8  tns.  deep. 

For  cost  of  boring  deep  holes  lengthwise  In  oak  plle^  see  tbe 
Index  under  "Timber  Boring." 

In  boring  K-tn.  holes  with  a  ship  auger  throtigh  12-ln.  Douglas 
fir,  a  man  will  ordinarily  take  i  mlns.,  which  Is  at  the  rate  of 
200  (t.  In  10  bra 

Transporting  Timber  Short  Distances.— Never  allow  carpenters 
to  handle  any  conntderable  amount  of  timber.  Provide  common 
laborers  for  loading,  carrying,  etc.  Rarely  should  men  carry 
timbers  on  their  shoulders  or  with  lug  hooks.  Instead,  lay  run 
ptaidt  over  which  the  timber  can  be  pushed  on  a  dolly,  which  Is  a 
little  roller  provided  with  a  frame  on  which  the  tlml>er  Is  balanced. 
Often  two  dollies  are  uaed,   one  at  each  end  of  the  timber.     Bven 


Fig.  1.— Dolly 


If  the  timber  la  WgM  boards,  do  not  permit  carrying,  but  require 
the  boards  to  be  stacked  up  on  dolliea 

I  have  found  It  advantageous  to  provide  each  dolly  with  a. 
handle,  as  shown  In  F'lg.  1.  Then  one  man  walks  ahead  pulling  the 
front  dolly  by  its  handle,  while  another  man  follows  at  the  rear 
pushing  the  handle  of  the  rear  doliy.  The  men  walk  tandem  aiong 
the  ran  plank  until  the  place  of  delivery  Is  reached ;  then,  if  It 
is  a  wooden  bridge  floor,  they  awing  the  rear  end  of  the  stick 
around  (still  on  the  dolly)  and  dump  the  plank  right  where  it  Is 
needed  by  the  carpentera  In  loading  such  plank  onto  dollies,  each 
man  uses  a  lug  hook.  A  4  X  12  in.  X  =0  ft.  plank  weighed  ZSO  lbs. 
Two  men  loaded,  hauled,  a  distance  of  60  ft,,  and  delivered  one 
plank  every  1%  mlna,  or  at  the  rate  of  more  than  30  M.  per  10  hr. 
day,  or  about  15  tone  of  lumber  were  louded  and  transirarted  80  ft. 
by  two  men.  A  heavier  load  could  readily  have  been  handled  on 
the  dollies,  but  one  phink  at  a  time  was  more  economic,  since  the 
carpenters  were  thus  relieved  of  all  work  except  spiking.  In  that 
connection  I  may  add  that  each  plank  was  pinched  up  tight  against 
the  last  plank  in  the  floor  by  a  man  using  a  peavey.  Another  man 
started  each  spike  with  an  ordinary  hammer,  and  two  men  drove  the 
Vlkes  with   spike  mauls. 
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Formulka  for  Quanllly  of  Matarlkla  In  TraaUas^-I  httve  deduced 
th»  following  fonnulna  fima  blUa  of  nuiterlftli  of  lUndard  troMlee 
on  the  Northern  Paclflc  Rr> 

High  frame  treatlea  (ure  buUt  In  rtorlM  SS  ft  hlxb-  The  follow- 
ing fortnulaa  give  the  amount  of  timber  In  a  aingle-trsck  tiumt 
tr«8tl«  of  ans  Klven  bel^t  Up  to  HE   fL 

(1)  Jf  =  I.   (£20  +  6B)  tor  treMles  up  t«  It  ft  bl^ 
(S)  M  =  L  (240  +  8?)   for  tresUeg  ib  to  EO  ft  high. 
(3)   M  =  L  (210  +  iBi  for  treaties  EO  to  TE  ft  high. 
<4)   V  =  L  (240  +  lAH)  for  treatlea  TE  to  12S  ft  bl^ 
M  ^  total  ft  a  M. 
Ii  =  length  of  trestle  In  feet 

B  =  hel^t  from  ground  to  4  ft  iMdow  boae  of  ralL 
There  are  164  ft  K  U.  In  the  timber  deck  per  lln.  ft  of  bridges 
but  the  above  formulas  Include  this  deck  tlmtwr. 

There  are  TO  lbs.  of  vrauKht  Iron  and  SO  lbs.  Of  cast  Iron  p«r 
1.000  ft  B.  M.  of  deck  and  half  that  amount  per  K.  «(  benta. 

<E)   W  =  I,  (20  -{-  O.lfi)  for  treaties  up  to  TG  ft  high. 

W  =  wel^t  of  Iron  In  pounds,  70%  of  which  is  wrougtit  and 
tO%  cast  Iron. 
For  closely  approximate  estimates  determine  the  profile  arek 
o(  an  opening  that  Is  to  be  trestled,  calculating  the  area  {A)  from 
the  KTOund  up  to  a  line  4  'ft  t>elOW  the  rail.  Divide  tbls  arcsi 
<A)  by  the  length  (£)  of  the  trestle,  and  the  quotient  Is  the 
average  height  (H).  If  It  Is  desired  to  estimate  quantities  by 
tn-oflle   area    (^>    direct,    simply   substitute   tor   H    In   the   abaiT* 

A. 
equations  Its  value  — . 
L 
Bau«t1on   (1)  then  tMcomes 
(fl)   If  =  220  L  +  U. 

This  has  the  same  general  form  as  my  formula  for  the  wdglit 
of  steel  In  viaducts,  which  Is  given  tn  the  section  on  Bridges. 

For  pile  trestlea,  four  piles  per  bent   (bents  16  ft  o  to  c>  and 
assumed  penetration  and  cut  aft  of  pile  amounting  to  10  ft.  wa  bava 
IT +  20 
<T)      P^ XL. 

(»)   If  =  185  L  for  heights  up  to  IS  ft 
(9)  JV  =  200  I.  for  heights  of  IE  to  2E  ft 
(10)   W  =  le  L. 

P  =  number  of  lln.  ft  of  piles. 

a  =  height  of  trestle  In  Teet  from  ground  to  4  ft  below  ralL 
L  =  length  of  trestle  In  feet 
If  =  ft  B.  M. 

W  =  weight  of  Iron  In  pounds   40%  of  which  Is  wrotight 
30%  cast,  and  30%  galvanlKed. 
The  above  formulas  (I)  to  (4)  for  frame  trestles  are  sufDclently 
accurate  for  oil   but  very  short  trestles,   but  they  give  an  exces* 
of  timber  equivalent   to  the  amount  In  one  bent 
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Tha  fnrmulaa  for  pile  trestlM,  however,  prorldea  for  one  beat 
fewer  tbaa  la  usually  driven,  tor  It  la  customair  to  drive  an  extra 
bent  at  each  end  lo  act  aa  a  bulkhead,  and  about  ID  planka 
C4  X  11  Ins.  X  13  ft)  are  placed  aa  a  aheetlns  back  of  each  of 
tb«M  pUe  bidkheada,  to  hold  back  the  earth  QIL  Hence  one  bent 
of  4  piles  and  about  SOD  f L  B.  1£  of  bulkhead  Umber  should  be 
added  to  the  auantltlee  given  by  equatiODS  (T)  and  (S)  for  pile 
trestles,  to  be  exact 

In  the  section  on  Bridge*,  It  will  be  found  that  the  average 
height  of  trestles  on  the  Great  Northern  and  on  the  Northern 
Pacific  Brs.  in  Washington  was  a  little  less  than  tO  ft  In  which 
case  B  =  IS,  and  eq.  (1)  gives  ua 

if  =  (£20  +  »<)  =  lit  ft  B.  M.  per  lln.  ft 

W  =  (10  +  S-4)  =  £■■<  lbs.  iron. 

Hence  at  ISO  per  H.  for  timber  In  place  and  4  eta.  per  lb.  for 
Iron  in  place,  the  cost  Is  IIO.EE  per  Un.  ft  of  trestle. 

The  following  Is  the  bill  of  lumber  In  a  Northern  Pacific  pile 
trestle  per  IG  ft  length. 

6  strlngeri,     9  1 18-ln.  «  18-ft 1,Z1« 

g  packbig  blocks,    4  x  IS-ln.  xS-ft 108 

1  spacing  block,   4  x  S-ln.  x  $-ft 12 

14  cross    Ilea,     8  i  S-ln.  x  ll-ft 89e 

2  guard  rails,  E  x  8-ln.  x  IS-ft lOT 

I  cap,     lSxl6-ln.  xl4-ft 224 

1  lateral  braces,  6  x  S-ln.  x  18-ft 144 

1  cleat,    2  X  8-ln.  x  10-ft 14 

2  sway  braces.   3x  10-ln.  x  2a-n. lOO 

Total     2,991 

This  Is  practically  the  constant  for  heights  (B)  up  to  15  ft,  and 
is  equivalent  to  18G  ft  B.  M.  per  lln.  ft  But  above  that  height  la 
customary  to  put  a  horliontal  brace  midway  between  the  cap  and 
the  ground,  and  use  four  diagonal  sway  braces  Instead  of  two. 

Methods  and  Con  of  Building  «  Rallwa)'  Trestle.— A  trestle  on 
the  Indiana,  nilnola  &  Iowa  R.  B.,  near  Streator,  III.,  was  destroyed 
by  a  tornado  In  July,  1903.  The  righl-ot-way  waa  quickly  cleared 
by  a  large  gang  of  trackmen  and  a  new  treatle  built  ualng  about 
halt  of  the  old  timber,  all  of  which  had  to  be  trained  over  agalo  as 
the  beota  were  made  of  dltterent  helghta.  The  now  treatle  was 
854  ft  long,  conalating  of  60  bente  apaced  14  ft  center  to  center. 
Of  these  bents  43  were  double-deck  benti^  the  upper  bents  being 
SOU  ft  high,  and  the  lower  bents  averaging  21  ft.  The  remaining 
bents  were  single-deck.  The  force  averaged  TO  brldgemen  (car- 
pentera),  and  190  trackmen  (laborers),  and  a  few  teams.  This 
force  cleared  4way  the  wreckage,  and  built  the  new  treatle  com- 
plete In  7  days,  not  Including  1%  days  Spent  In  setting  men  to 
the  Bite  at  the  work.  There  were  351,000  ft.  B.  M.  In  the  new 
treatle.  Including  ties,  and  the  cost  of  clearing  the  site  and  building 
the  treatle  was  III. SB  per  M.  tor  labor  of  brldg^nen,  trackmen  and 
a  few  teama  The  wages  were  probably  about  ll.EO  per  ID-hr.  dar 
for  trackmen,  and  tZ.EO  for  brldgemen.  The  new  timber  coat  |2T 
perH 
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The  mortlBa  aod  tanon  la  "a.  back  number"  on  nllway  treKle 
work,  m>  the  principal  tools  used  were  the  two-mtui  cn»s-cut  aaw, 
tho  adi,  and  the  ship  auger.  The  >111b  were  dapped  M-In.,  and 
the  ends  of  the  poets  were  framed  to  11  ^  Ina.  aquaTa,  nuurlns  a 
perfect  Joint 

The  poBta  were  sawed  off  niuare,  dapped  Into  the  cap  and  drtft- 
bolted,  toenailed  to  the  elU  with  elxtit  K-ln.  X  lO-ln.  txiatmlkes  In 
eacli  post. 

A.  peK  was  driven  and  Dumberad  to  mark  the  center  of  each  bent, 
and  small  stakes  were  Kt  on  each  dde  to  mark  the  location  of  tlM 
plumb  legs  and  liatter  posts.  The  ground  was  then  dug  to  a  level 
Burtaoe  around  each  of  the  tour  pegs,  but  no  particular  care  waa 
taken  to  dig  the  ground  to  the  nine  level  at  all  four  pesa.  Dlt- 
ferences  [n  level  were  made  up  by  using  blocks  for  cribbing  under 
the  Bllla  These  blocks  were  leveled  an  top  br  digging  earth  out 
from  under  them  where  necessary,  which  did  away  wltb  adilng  or 
shimming  the  sill.  The  blocks  under  each  bent  consisted  of  el^t 
pieces  4  ft  long,  two  blocks  under  each  post  giving  a  grotmd  bear- 
ing of  about  4E  sq.  ft  per  bent 

When  a  foundation  of  blocking  and  the  lower  slII  were  In  place. 
the  posts  and  cap  for  a  bent  were  dragged  by  teams  to  the  site  ot 
the  bent  and  rolled  over  Into  position  Just  ahead  of  the  foundation. 
The  Bill  was  rolled  over  on  its  side;  the  plumb  posts  were  butted 
against  the  dapped  places  and  toenailed,  being  centered  from  th* 
grading  pegs.  The  batter  posts  were  laid  near  their  proper  placea 
(but  not  toenailed),  and  the  cap  was  drift  bolted  to  all  four  posts, 
holes  having  already  been  bored  In  the  cap  The  cap  and  sill  were 
held  tight  to  the  plumb  post  with  chains  and  wfth  "right  and  left 
Bcrew'pulling  Jnoka"  Then  the  batter  posts  were  crowded  In  at 
the  bottom  and  loenalleil  to  the  Bill.  The  bent  being  assembled, 
one  sash  brace  and  two  sway  braces  were  spiked  across  the  upper 
face  of  the  bent  as  It  lay  blocked  up  a  few  feet  above  the  ground- 
Four  %-ln.  X  8-Jn.  boat  spikes  were  used  at  each  Eniersection. 
The  bent  was  then  ready  to  be  raised.  A  set  of  double  tackle  blocks 
was  made  fast  at  each  end  of  the  cap  and  anchored  to  the  cap  of 
the  preceding  bent  which  iiad  already  been  erected  and  secureljr 
braced.  The  pulling  ropes  ran  through  snatch  blocks  fastened  to 
the  alii  of  this  preceding  bent,  and  a  team  was  hitched  to  MiCb 
of  the  two  pulling  ropes.  The  team  up-ended  the  bent  easily. 
A  subbing  rope  around  the  cap,  and  anchored  to  any  convenient 
anchorage,  prevented  the  bent  from  going  too  far  and  tipping  over. 
And  two  temporary  struts  from  the  alU  of  the  preceding  bent  to  the 
sill  of  the  bent  that  was  being  raised,  prevented  the  bent  from 
sliding  while  being  raised.  When  erected,  the  bent  was  pinched 
over  so  as  to  Ije  centered  on  the  allnement  stake ;  then  plumbed  end 
tied  to  the  preceding  bent  with  sash  braces  and  sway  brace»  The 
bents  were  plumbed  by  eye,  or  by  lining  the  posts  up  with  a  pitmib 
line  string  held  at  arm's  length.  It  was  necessary  to  plamb  th« 
bent  from  both  aldea     A  small  gang  followed  the  erectors,  putting 
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on    tha   romalDlns   saah   brac«B,    away   braces,    tower    bracaa   and 
A-bracM. 

TeaniB  were  used  tor  hoisting  the  framed  Umbers  for  the  top 
series  oC  bents;  (rom  the  ground  to  the  top  of  the  lower  series  of 
bents,  where  tbey  were  assembled  and  erected  practically  aa  above 
described.  To  hoist  the  timbers  for  the  top  series  of  bents,  a.  gin- 
IKtle  was  erected.  The  gin-pole  was  40  ft.  high,  and  consisted  of  two 
a  X  12-ln.  pieces,  28  fL  long,  with  another  piece  spiked  between 
tbam  BD  as  to  give  a  total  length  of  40  ft.  This  Kin-pole  was 
•ecarely  chained  to  one  of  the  lower  benta  At  dree  a  series 
of  snatch  blocks  was  used  in  hoisting  the  timbers,  but  this  proved 
too  severe  on  the  teams  and  double  blocka  were  used  to  multiply  the 

The  8  X  l(-ln.  stringers  were  run  out  on  the  trestle  on  doUles 
pushed  alopg  run  planks.  They  requlied  but  little  framing.  The 
ends  were  cut  off  so  that  the  Joint  came  over  the  middle  of  the  cap. 
Bud  the  end  at  any  stringer  more  then  IBM  Ina  deep  was  adzed 
oR  to  that  slse.  to  give  an  even  bearing  for  the  ties.  The  stringers 
were  then  turned  over  flatwise,  and  plied  three  deep  (breaking 
Joint)  and  bored.  Then  they  were  lifted  apart  and  Z-in.  cast  Iron 
packing  washers  slipped  In  between,  and  the  bolts  were  entered  and 
tightened.  Sections  of  stringers  iOD  to  300  ft.  ions  were  boiled 
together,  and  then  turned  over  Into  position.  To  tum  a  section 
over,  a  stout  lever,  10  ft  long,  was  chained  to  one  end  of  the 
seetton.  A  set  of  double  blocks  and  tackle  fastened  to  the  end  of 
this  lever  quickly  turned  the  section  over. 

In  boring  the  holes  through  the  stringers  each  man  avemged 
80  ft  of  boles  bored  per  day,  ihat  is  40  boles  2  ft.  long. 

The  ties  were  hoisted  from  the  ground  by  teams,  using  gln-poiea. 

The  foregoing  description  has  been  prepared  from  data  given  by 
Mr.  W.  R.  Sanborn. 

Cost  of  a  Timber  Viaduct.— Mr.  S.  D.  Mason  gives  the  following 
data  relating  to  a  high  thnber  viaduct  on  the  N,  P.  B.  R.  in  the 
Rocky  Mta.,  near  Ulssoula.  The  viaduct  contained  9T0  H.  ol  Nor- 
way pine,  TE%  of  which  was  sawed  by  contract  and  the  rest  hewed, 
tlie  saw  mill  was  put  up  near  the  work  and  all  the  timber  was 
framed  at  the  mill.  The  viaduct  was  868  ft-  long,  and  i2T  ft. 
high  for  a  distance  of  about  150  ft.  at  the  center.  It  consisted  of 
8  timber  towers  supporting  7  Howe  truas  spans  of  50  ft.  each.  On 
each  side  of  these  were  M  bents  supporting  atralnlng  beame  of  80 
ft.  span  each.  The  timbers  were  erected  by  2  to  4  gangs  of  18 
men  each,  a  stick  at  a  time.  The  heaviest  stick  weighed  l.TOO  Iba 
Both  hor»>  and  steam  power  were  useil  for  hoisting.  The  chords 
of  the  Hun's  trusses  consisted  of  two  B  x  I2's  and  one  8  X  12. 
They  were  placed  and  the  diagonal  braces  put  In,  beginning  at  the 
center,  the  chords  being  temporarily  held  by  struts  and  guy  lines. 
It  was  found  Impracticable  to  raise  tha  trusses  bodily.  Fir  angle 
blocks  were  used,  but  their  subsequent  shrinkage  led  finally  to 
the  tnilldlng  of  new  Howe  trusses.  Work  was  begun  Jan.  1.  1S8Z, 
and    completed   in    171    days.      Laborera   and    carpenters   received 
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exceedlnKly  high  wages,  %t  to  fT.GO  a  day,  which  accouata  for  tbs 
high  con  ol  137  per  M.  tor  framlOK  snd  erecting.  At  ordinary 
wages  the  labor  would  have  cost  about  |12  per  If.  The  erecting 
gangs  struck  for  flO  a,  day  when  within  ID  ft.  of  the  top,  and 
their  wages  were  raised,  but  It  la  not  stated  how  much.  The  fol- 
lowing was  the  cost  o(  the  viaduct: 

8S9  M.,  at  »27 ftSAii 

101  M.,  at  tI6 1,616 

ST.IZO  lbs.  wrought  Iron,  at  G%  cts. 5.010 

!fl,940  lbs.  oast Tron,  at  3  "4  cts. 87S 

llT.OflO  Iba  hauled  SO  miles,  at  2\  eta 1,310 

Wages  of  carpenters  and  laborers 3S.SSS 

Salaries  of  engineers 3,137 

Traveling,  office  and  sundry  expenses 1,007 

Supplies  (or   men 2.860 

Blocks,  ropes,  chains  and  wrenches 1,300 

40  horsea,  90  days,  at  H 3,aO0 

Hay  and  oata  for  same J.700 

Rent  of  land  and  land  damages 400 

Total,  at  tSS.ZT  per  M 185,632 

Cost  of  Building  a  Pile  and  Timber  Approach  to  a  Brldga.—Mr.  B. 
C  Crosby  gives  the  following  coat  data  on  the  building  of  a  timber 
trestle  approach,  Z.96D  ft.  long,  to  a.  double  track  bridge  across  tbS 
UlsBourl  River,  In  1893.  The  trestle  was  built  by  company  men. 
In  the  trestle  there  were  1,138  M  of  yellow  pine,  JS,B20  fL  of  piles. 
and  97,663  Iba,  of  Iron  (70  Iba  per  M  of  timber).  The  co«  ot  un- 
loading, handling  and  driving  plies.  Including  all  material  and  labor 
(except  the  coai  of  the  piles  themselves)  was  13.7  cts.  per  lln.  fl. 
The  cost  of  unloading,  framing  and  erecting  timber,  was  (7.43  per  M, 

Cost  of  Bulldlno  a  Trestle  and  ■  Howe  Truss  Bridge  Undsr 
Trainc. — An  old  railway  trestle  was  rebuilt  under  a  traffic  averaging 
one  train  per  hour.  The  trestle  was  300  ft.  long  and  60  fL  high  at 
the  center.  The  labor  of  rebuilding  this  trestle  cost  (9.90  per  H. 
Including  taking  down  and  piling  up  the  old  trestle  timbers.     Thero 

each.  3  men  at  Jl.Tfi.  and  1  foreman  at  t60  n.  montli. 

This  same  gang  built  a  Howe  truss  railway  bridge  under  IralUc 
at  B  cost  of  |!8  per  M  for  labor.  The  cost  of  framing  and  placlns 
30  H  ot  oak  ties  and  guard  rails  on  three  bridges  was  112  per  M, 
which  was  a  very  high  cost.  For  comparative  data  see  the  section 
on  Bridges. 

Cost  of  Wagon  Road  Trestlii — My  records  show  the  foHowInf 
costs  of  building  a  dozen  or  more  trestles  In  the  state  of  Washington. 
The  trestles  were  for  highway  use.  and  had  a  3-ln.  plank  floor,  16  ft. 
wide,  resting  on  7  lines  of  4  x  14-ln.  stringers.  Bents  were  spaced 
20  ft  apart,  three  10  x  10-in.  posts  to  a  bent  dapped  Into  and  dow- 
eled to  capo  and  sUlB.  Sills  were  of  hewed  cedar  10  x  IB  Ins  Caps 
were  10  x  la  Ins.  x  13  ft.  Sway  braces  were  of  3  x  6-ln.  stuff  aplked 
to  the  posts  and  sill.  The  supports  for  the  hand  rail  conMsted  of 
4  X  4-ln.  posts,  4Vj  ft,  long,  spaced  10  ft.  apart  and  bolted  to  Iha 
outer  stringers  which  In  turn  were  drift  boltpfl  to  the  caps.  Tha 
top  or  hand  rail  was  ot  3  z  4-la.  sluft,  and  the  hub  rail  waa  S  x  8  Ina. 


PILING,  TRESTLING,  TIMBERWORK.  971 

There  was  no  mortise  and  tenon  work,  and  the  framing  was  of  the 
Bimpleat  type.  The  bjhta  were  framed  Hat  on  the  ground  and  up- 
ended to  place  by  UBlng  blocks  and  tackle  operated  by  hand  power. 
The  flooring  and  striogerB  were  conveyed  to  place  by  dollies.  The 
work  was  done  by  mibcontractorB  with  few  carpenters,  and  in  all 
cases  was  handled  with  eKcellenl  Judgment  and  wtth  rapidity. 

To  frame  and  erect  a  trestle  «0  ft  long,  conelstlng  o(  two  benta 
and  two  bank  Bills,  required  4  men  only  1  \4  days.  This  trestle 
contained  T  M.  of  which  5  M  were  In  the  floor  system  (floor  and 
stringers).  Three  of  the  gang  were  laborers,  at  tl.SO,  and  one  Was 
a,  carpenter,  at  12.60,  making  the  dally  wages  i1  for  the  gang,  ho 
that  Che  cost  of  building  this  trestle  was  only  tl.SO  per  H.  This 
coat  WBB  distributed  as  follows:  14  per  M  for  framing  and  erect- 
ing the  bents  and  (he  hand  railing ;  SO  cts.  per  M  for  laying  the 
stringers  and  the  floor  plank.  This  laying  of  stringers  and  plank, 
where  there  Is  nothing  to  do  but  to  deliver  them  on  dolllee.  toenail 
the  Htrlngers  to  (he  caps,  and  apike  Che  floor  plank  Co  Ihe  atrlngera, 
can  be  done  very  cheaply  by  common  laborers  skilled  enough  to 
drive  nalla 

It  Is  not  necessary  to  notch  the  stringers  in  order  to  secure  align- 
ment of  the  tops  of  the  stringers  for  the  plank  floor,  because  In 
such  tlmtterwork  perfection  of  alignment  causes  a.  needless  waste 

A  gang  of  3  laborers,  on  another  trestle,  laid  a  Hoor  system  con- 
taining IE  U  of  plank  and  stringers  in  IH  days,  at  e.  cost  of  60  cts. 
per  1£ 

On  another  trestle  260  ft  long,  It  took  4  men  S  days  to  lay  £3  M 
of  stringers  and  plank  In  the  Hoor  system,  at  a  cost  of  nearly  fl  per 
U.    These  men  were  much  slower. 

On  another  piece  of  road  work,  where  we  used  round  timber  for 
the  posts  and  sills,  a  gang  of  9  men  and  a  team  cut  and  delivered 
all  the  necessary  timber  from  the  forest,  erected  and  sway  braced 
the  bents  of  three  trestles,  having  a  total  length  of  HO  ft  In  12 
d^B.  There  were  T  framed  benCs.  12  pile  bents  (36  plies  tO  ft.  long, 
driven  G  ft),  and  E  mud  sills  In  these  3  trestles.  The  piles  were 
driven  with  a  small  horsepower  pile  driver.  Seven  of  theae  men 
were  laborers,  two  were  carpenters  and  bossea  The'tlmber  in  the 
bentB  was  not  accurately  measured  to  deCermlne  the  number  of 
board  feet,  but  the  approximate  cost,  including  the  piles,  was  leas 
than  flS  per  M  for  the  benta  The  cost  of  the  sawed  timber  floor 
eyslem  was,  of  course,  much  less.  I  consider  this  an  excellent  rec- 
ord, and  one  not  to  t>e  equalled  except  under  the  best  foremanshlp 
and  with  willing,  Intelligent  laborera 

Cost  of  Trestle*,  Cross  Rsfsrencei.^For  further  data  on  trestles 
•ea  particularly  the  section  on  Bsilways.  Consult  the  index  under 
"Timber,  Trestles." 

EstlmatAd  Prices  of  Howe  Truss  Sridgea.— The  following  were 
detailed  estimates  of  cost  at  standard  contract  prices  for  building 
Howe  tniaa  single-track  bridges  In  Washington  (in  1906),  according 
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to   standard  plana  of   the   Northern   P««tflc  Rr.     A1 
loigths  over  alL 

40  Ft.  Pony  Tkubs  BBmoa. 
Materials. 

IB  M.  limber  at  »1B  +  tZ  frt.  =  |18 

3,600  Iba  wrt.  Iron  at  S  cts.  dellv. 

J, 200  IbB.  caat  iron  at  tSi  eta 

ToCal  roaterlalg.  tll.l4  per  lln.  ft 

Labor  and  FalaeKork.  .  _ 

Labor  to  frame  and  erect  16  U.  at  »1B 

12  piles  (falsework)   delivered  at  tl 

12  piles  (falsework)  driven  at  tZ 

4  If.  timber   (falseworlc)   second  hand,  at  tt.... 
4     M.     timber     (falsework)     erected    and    taken 

down,  *10 

MIscellaneoUB  expense ^ 

Total  labor  and  falsework,  |I0  per  Un.  ft. . . . 

Ahutmenta. 

i    pile   HbutinentB   at    »2B0 

lOo  cu.  yds.  riprap  at  jl.&v 

Tolfll  abutmenta  IlB.iB  per  lln.  ft 

Qrand  total  at  (37.50  per  lln.  ft. 

60  Tr.  Pont  Truss  BBiDa>. 
if  a  tsrta  la. 

24  M,  at  |I8 

7.200  lbs.  wrt.  iron  at  I  eta 

fl.gOO  Iba  cast  iron  at  2'A  eta 

Total  materials,  *lS.eo  per  lin.  ft. 

Labor  and  Falteaork. 

Labor  and  frame  and  erect  24  M,  at  (IB 

Falsework,  materials  and  labor 

Total  labor  and  falsework,  19.20  per  lln.  fL.. 

Abutmentt.  .,„„ 

2  pile  abutments,  at  ISBO-- 

100  cu.  yda  riprap  at  |1.6« 

Total  abutments,  110.80  per  lln.  fL 

Grand  total.  »S7.60  per  lln.  ft 

70  Ft.  Pom  THtjas  Bsidqi. 

UatvrUtlt. 

la  M.  at  118 

10.300  Iba  wrt.  Iron  at  3  eta. 

13,000  lbs.  cast  Iron  at  1^  cts. 

Total   materials,   tKlO  per  lln.  ft. 

Labor  and  Falsework. 

Labor  to  frame  and  erect  29  M.  at  tlS 

Falsework,  materials  snd  lat>or 

Total  labor  and  falsework.  (9.3!  per  lin.  tL...t 

2  abutments  at  t2G0 

100  cu.   yds.  riprap  at  tl.GO 

Total  abutments,  19.S0  per  lln.  ft 

Grand  total,  114.60  per  fin.  tt 
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100  Ft.  Throvoh  BuDm. 

„j %  9: 

SI, 600  Iba.  wrt  tron  at  3  ctB. t' 

20,000  Iba.  caM  Iran  a!L  Z^  cts. Bl 

Total  materials,  I20.6C  per  Un.  ft. $3.01 

Labor  and  FaltevioTk. 

100  tin.  It.  erected  at  %i %    81 

Alfutmanta. 

1  abutments  at  fSOO I    01 

SOO  cu.  yds.  riprap  at  tl-60 41 

Total  abutments.   tlO.GO  wr   lin.   fl tl.OI 

Grand  total,  fOS.lG  par  lia.  ft 3,0: 

ItO  Pr.  Throdoh  BniDaB, 
MatariaU. 

61  M.  at  $18 

2g,B00  lbs.  wrt.  Iron  at  3  ctB. 

IE,400  Iba  cast  Iron  at  Z  ^  eta 

Total  materials,  122.30  per  lln.  tL 

Labor  and  FalaeaorK 

120  llD.  tt.  erected  at  89 

A  butmrnta. 

2  abutments  at  |300 

300  cu.  yda.  at  II.BO 

Total  abutmentB,  18.38  per  lln.  ft. 

Grand  total,  840  per  lln.  It. 

130  Pr.  THBOnoH  Banxn. 
MateriaU. 

72  M.  at   flS 

14,000  llw.  wrL  iron  at  3  cts. 

tS.OOO  lbs.  cast  Iron  at  2^  cts. 

Total  materials,  823.40  per  Un.  tt 

Labor  and  FalKetcorh. 
180  lin.  ft.  erected  at  |10 

Ahntmenta. 

i  abutmentB  at  8300 

300  cu.  yds.  riprap  at  81. SO 

Total  abutments.  18.10  ner  lln.  ft. 

Grand  total,  841-EO  per  lln.  It 

ISO  Ft.  Throuoh  Srtdob. 
VainHoIs. 

SB  M.  at   818 

4G.OD0  Iba  wrt   Iron  at  3  eta 

40,000  IbB.  cast  Iron  at  2 1^  cts 

Total  materials,  823.30  per  lln.  It 

Labor  and  Falaeviork. 
ISO  Un.  It.  erected  at  |12 

Abutments. 

2  abutments  at  |3fiO |    ■ 

800  cu.  yds.  riprap  at  tl.GO 

Total  abutment^  81.70  per  Un,  ft. »' 

Orana  total,  84T-30  per  lln.  It 

The  standard  pile  abutment  contains  11  piles  for  s 
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ft,  le  piles  for  SO  to  ISD-ft.  qnilB,  and  SO  dUsb  for  ISO  to  l«0-fl. 
VaDK  Obviously  the  cost  of  pUea  will  vury  with  the  lensth.  It  1b 
cuMomary  to  sasume  a  £0-ft.  penetration.  In  addition  to  the  pUei 
ther«  were  2.E00  to  4,01)1)  ft.  B.  IL  of  timber  per  abutment,  and  ItO 
lbs.  ot  Iron  per  U  of  tble  timber. 

It  win  be  noticed  that  the  cost  Ot  Howe  truss  t>rldses  on  pile  abul- 
ments  does  not  vary  sreatly  per  lln.  ft  of  ipajx,  the  principal  rea- 
son belDK  that  the  abutments  constitute  bo  lai-fce  a  part  of  the  cohL 

See  I  he  section  on  BridBes  and  on  Kallwaya 

Coat  of  ieO-ft.  span  Howe  Truss  Brlda>s  and  Crlb>.~Iti  104  I 
dealsned.  and  built  by  contract  two  hl^way  bridges  over  different 
points  on  the  Noaksack  River,  WasbLngton.  Bach  bridge  had  a  K-ft 
roadway,  a  clear  si>an  ot  ISO  ft,  and  a  depth  of  truss  of  30  ft  at 
the  center.  The  bridge  was  designed  to  carry  100  Iba  per  sqi.  ft 
of  roadway.  The  trusses  were  a  modified  type  at  Howe  truss;  bavtnt 
upper  chorda  that  were  not  horliontal  but  sloped  up  from  both  end 
posts  to  on  apei  at  ths  center,  like  a  roof  truss.  This  design  very 
materially  reduced  the  amount  of  Iron,  which  was  an  important 
factor.  Kach  chord  was  made  of  three  parallel  Umlkera,  each  1 1 II 
Ina.  bolted  together.  Panels  were  20  ft  long.  The  floor  was  of 
t-in.  cedar  plank,  for  Uf^tneas  and  durability.  Th«  rest  of  Che  tim- 
ber WHS  Washington  fir.  The  bridges  rested  on  pile  abutments 
which  were  protected  by  log  cribs  nlled  with  fleld-stones.  Bladi 
bridge  combined  40  H  of  timber,  of  which  23  U  were  In  the  trusses 
and  braces,  and  IT  U  In  the  floor  syateoi. 

No  piles  were  driven  tor  falsework,  allhouKh  the  river  was  4  to  • 
tt  deep  and  swift ;  but  two-post  bents  were  put  up  Just  baclc  ot 
each  panel  point.  Bents  were  made  of  round  timber,  and  erected 
by  flrst  dropping  Into  the  water  pairs  of  long-leKKed  saw  horses  on 
each  Bide  ot  the  proposed  falsework,  and  laying  run  planks  on  the 
horaes  for  men  to  walk  on.  A  falsework  can  thus  be  bunt  with 
great  rapidity  and  cheaply,  and  In  spite  ot  the  welg^it  coming  upon 
the  posts  of  each  bent  the  settlement  In  the  gravel  t>ottom  was  very 
Blight  and  easily  taken  up  by  wedges  under  the  lower  chorda  There 
IB  always  danger,  however,  that  a  sudden  flood  will  undermine  the 
falsework,  and  this  happened  at  one  at  the  bridges,  causing  It  to  tall 

No  upper  falsework,  except  a  light  slaglng  at  each  end  post  and 
at  the  center.  Is  needed  with  this  type  of  truss,  provided  long  sticks 
of  timber  can  be  secured;  for  with  chord  sticks  01  ft  long  (In  a 
bridge  of  this  size)  It  Is  possible  to  lift,  first  one  end,  then  the  Cither. 
of  the  upper  chord  sticks  and  support  them  upon  the  light  staging 
at  each  end,  until  the  diagonal  atruCs  are  placed. 

The  trusses  must  be  flrat  framed  and  bolted  together,  fl&tvlsa 
on  the  ground,  then  unbolted  and  erected  piece  by  piece.  The  tbn- 
liers  were  pushed  out  onto  the  talsework  on  dollies,  and  lifted 
with  block  and  tackle,  using  &  gin-pole  where  necessary;  all  this 
handling  being  by  hand  without  a  hoisting  engine.  Although  the 
following  record  of  low  cost  will  be  liard  to  equal.  It  aervea  to 
show  what  can   be   done   with  elHcIent  labor   under  a  good   bridge 
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Cost  op  180-Ft.  Spam  Bhukii. 
ifaterlalB. 

40  H.  Umber,  at  17  o 

it  M.  timber  hauled  : 

l.VTO  Iba.  Iron  rods:  tvi  iub.  uu.„ „._ 

pUtea;  SiS  lb«.  drift  bolts;  toUl  B,72T  Iba., 
at  314  cla 

14  cast  Iron  angle  blocks.  1.316  lbs.,  at  ZU  •:%*. 

aiS  cast  Iron  washen.  B13  lbs.,  at  2>4  Cts 

Lag  BCrewB,  nalla,  etc. 

FrelKbt  on  Iron 

Total  bridge  materials  delivered % 

SO  abutment  piles,  30  ft.  long,  at  6  eta  per  tL 

lAbor. 
FramlnK  trusMiBi  6  carpenters  7  days,  at  t2.El). .  ) 
Gettlnfc  out  timber  (or  falaework  and  building 

I>rlTinK  30  piles,  fi  men  and  3  teams.  9  days. . 

BuildInK  two  log  crIbB 

Brecting  lower  falnework,  8  n 


BrectinK  bridge.  4  carpenters  and  (  laborers.  T 

Laying  flmir  and  handrslis.  4  carpenters  and  4 
laborers,  1  day 

Loading,  hauling  and  placing  TO  cu.  yds.  of 
neld-stones  In  cribs   fS-mlle  haul) 


Foreman,  at  f  4   per  day 

Qraiid  total  labor  on  bridge  and  abutments.. t    ' 


BrldgQ  materials  delivered t    642. 

PIlea  delivered 

Foremansbip   .!!...! .' '.,'...'.'.'.'. 

Tools:   rape^   etc    (on«-halt  charged  to  each 
bridge)    

Total  co*t  of  one  bridge  and  abutments )I,584.0D 

This  l«  teM  than  (10  per  lln.  ft.  of  bridge. 

Deducting  the  cost  of  material  and  labor  on  the  two  pile  abut- 
nMDts  and  tbdr  cribs,  we  have  left,  tl,300  as  tbe  cost  of  one  brldxe 
al(Mi«. 

If  w«  analyse  the  labor  we  And  that  the  wages  of  th«  foreman 
amounted  to  10%  of  the  total  labor  expenditure.  This  Is  a  high 
percentage,  Init  one  often  exceeded  on  Bmall  works  of  this  cliar- 
acter  where  delays  due  to  bad  weather  or  lack  of  materials,  add  up 


veiT  rapidly  when  the  foreman  Is  paid  by  t 


!  month  for  handling  a 


It  will  be  seen  that  the  carpenter  work  of  framing  the  23  U 
(exclusive  of  the  floor)  cost  (4.00  per  U,  to  which  should  be  added 
about  tl.DO  per  M  for  forerosn.  BrecUng  the  bridge  (exclusive  of 
IT  M  of  floor)  cost  tltt  after  the  falsework  was  built,  or  nearly  IB 
per  U  (4  erector*  being  carpenters,  at  t2<S0,  and  S  laborers,  at 
Sl.EO).  to  which  should  ba  added  II. SO  for  foreman.  This  makes  a. 
total  of  flO.EO  per  H  for  framing  and  erecting  the  23  U  in  the 
bridge  trusaea,  to  which  mast  be  added  (2.60  per  M  for  foreman. 
and    t>  more  per  M  for  erecting  falsework,   if 
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labor  cost  of  erecting  the  talHswork  oror  th«  It  It.  The  I&lMwoih 
coat  muBt  be  estimated  for  every  bridge  Beparately.  In  thlj  c&m  It 
was  UDunially  cheap. 

The  cost  of  placInK  the  17  M  of  floorlnK  on  the  brtdEe  waa  leas 
than  tl  per  M,  for  there  was  practically  no  Sawing,  adllng  or  boHnc 
to  be  done — simply  running  the  timber  out  to  place  op  dollies,  and 
BpHclng  It.  This  seema  an  exceedlnKly  low  cost,  but  similar  records 
will  be  found  on  other  pages.  Ferhapa  no  better  example  will  be 
found  In  this  booh  to  show  the  neceaalty  of  separating  plain  timber 
wortt  from  framed  tlmberwork  In  analysing  timberwork  costs. 

The  cost  of  the  pile  driving  waa  high  per  pile  not  only  because  the 
driving  waa  very  hard,  but  because  of  the  small  numtter  of  piles 
In  each  abutment,  and  because  of  the  coat  of  moving  acroaa  the 


Fig.  2. — Ijog  Culvert 
river  and  erecting  staging  for  the  driver  to  rest  upon  at  each  abnt- 

The  cribs  around  the  pllea  were  made  of  hewn  timber  taken  tram 
the  forest  near  by.  Bach  crib  averaged  6  ft  high,  10  fL  wide,  and 
30  ft.  long,  containing  about  fi  M  o(  timber.  The  cost  of  cutting  this 
timber.  hewlnB  and  erecting  It.  was  16  per  M.  wages  of  men  being 
tZ.EO  a  day.     To  this  about  (1,»0  per  M.  should  be  added  for  fore- 

A  third  crib,  built  for  another  bridge  abutment  *«■  10  O.  high, 
la  ft.  wide,  and  8E  ft.  long,  containing  about  1!  H  of  hewed  timber. 
It  took  G  men  4  daya,  at  (a.KO,  to  cut  the  timber  for  and  build  this 
crib,  which  Is  equivalent  to  about  M  Per  M  and  to  this  tl  per  IC 
ahould  be  added  for  foreman. 

For  actual  cost  of  Howe  truss  railway  bridge^  see  the  section  on 
Bridges.  ,        „  .^        _i 

Cost  or  Loa  Culverti.— In  building  roads  and  raflwayn  through 
timbered  country.  It  is  generally  good  practice  to  build  most  of  the 
cnlverts  of  logs.  Log  culverts  are  frequertly  floored  with  logs 
for  the  full  length  of  the  culvert,  but  they  may  be  built  with  log  rills 
spaced  4  ft  c.  to  c.  and  projecting  1  ft.  beyond  the  walla.  ■«  Indi- 
cated by  the  dotted  lines  In  Pig.  I. 

The  ends  of  a  log  culvert  are  stepped  up,  as  In  Fl(t.  S.  I  =  t  —  ID. 
Hence  the  "average  length'  le  L  —  D. 

To  estimate  the  lln,  ft  of  logs  In  a  paved  culvert  like  that  In  Pig. 
Z   add  t  ft.  to  the  Inafde  horlsontal  dimension  to  get  the  length  of 
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loKff  tn  pavement  and  In  cover,  which  is  6  ft.  In  this  case.  Thes 
double  thle  length  and  add  double  the  Inside  heisht  i  the  sum  will 
ba  tbe  total  lineal  feet  of  12~ln.  loss  per  Iln.  ft  of  "average  lensth" 
o[  culvert  In  a  S  x  4  culvert  (Fig.  2),  this  gives  t^  X  0)  +  (2  X  2> 
=  16  Iln.  ft  of  loss. 

There  are  0.3  lb.  c(  K-ln.  drift  bolts  required  per  Iln.  ft.  of  logs 
(or  2G  IbH.  per  U  when  squared  timbers  are  used). 

The  bidding  price  is  usuall;  about  12  eta,  per  Un.  fL  of  loga  In 
place,  plus  3  cts.  per  Iln.  fL  for  hewtng  two  sldee.  exclusive  of  tbe 
price  for  the  iron.    On  the  Great  Northern  Sailway  (617  miles)  In 

-    t     — 


— Log  Culvert. 


Wtudilngton,  the  average  sl«e  log  culvert  wh«  3iS%x<3  ft.,  or  ' 
Iln.    ft.   of  logs  per  culvert,   and   I   eetlmated  the   average  c 
price  Id  place  to  be: 

Per.  Iln.  ft.  \oss. 

Logs  In   place $0.12 

Hewing  IH  aides  at  1^  eta,  per  side O.oz 

O.tl  lb&  Iron  drift  holla  at  3  cts. O.Ol 

Bitcavallng  O.04  cu.  yd*,  at   2S  cts. 0.01 

Total 10.16 

Sea  the  sections  on  Railways  and  on  Bridges. 

Materials  Required  for  Timber  Box  Culvarts.— Culverts  made  of 
Bftwed  ttmber'are  usually  designed  much  lighter  than  log  culverts.  A 
8z4-ft.  opening  will  have  wall  pieces  8  Ina  thick  (8x12),  cover 
8  ins.  thick  (8x12),  subsllls  4  ins.  thick  (4x12)  spaced  4  ft.. 
c  to  c.  and  floor  2  InsL  thick  (3x12),  making  a  total  of  90  ft 
B.  H.  per  Iln.  ft.,  and  requiring  2E  Iba  of  drift  bolts  per  M. 

Coat  of  a  Wooden  Raaorvolr  Root  on  Iron  Posti.— A  reaervolr  at 
Pasadena,  Cai.,  was  roofed  over  In  1S99,  at  a  remarkably  low  cost. 
I  am  Indebted  to  Mr.  T.  D.  Allln  for  the  following  data:  The 
extreme  dimenslans  of  the  reservoir  were  330  x  540  ft-,  and  166,000 
tq,  ft.  were  rooted.  The  roof  was  supported  by  G51  Iron  posts  made 
of  2-ln.  water  pipe,  capped  at  the  bottom  and  set  In  cement.  On 
tbe  top  of  each  of  these  posts  a  wooden  corbel,  6x6  Ins.  z  2  ^  fL. 
was  fastened  by  boring  a  bole  1  Ina  deep  In  tbe  corbel  and  driving 
"tbe  pipe  Into  tbe  hole.  Bach  post,  about  20  ft.  long,  was  up-ended 
by  hand,  after  tbe  corbel  bad  been  driven  on,  plumbed  and  tempo- 


978  HANDBOOK  OF  COST  DATA. 

rarlly  nay-lathed.  PosU  were  iqiBMd  ISM  and  IS  ft  opart-  On  the 
poata  were  laid  floor  beems  made  Of  two  2  x  lO-ln.  plank,  overlapped 
at  tbe  ends  and  spiked  together,  forming  a  continuous  beam 
4  X  10  Ina  A  Kang  o(  T  men,  using  movable  KafToldlnx  for  plac- 
ins  and  spiking  these  floor  beamn,  averaged  1,600  ft  of  floor 
beams  per  day.  On  these  beama  were  laid  I  x  S-liL  strlDKer^ 
It  ft  long.  The  atringers  were  overl^ped  1  Ina.  and  qilked,  and 
were  qioced  S  ft.  centers.  On  ttie  strtDgen  were  laid  1  x  D-ln.  ptonks. 
tormlng  the  roof.  These  planka  were  cut  to  It-tt.,  IS-ft  and  I4-ft 
lengths,  the  planks  being  laid  Id  forms  so  aa  to  facilitate  accurate 
cutting  without  individual  measurement  of  each  plank.  Similar 
forms  were  ueed  for  cutting  the  planks  used  In  the  floor-booms.  The 
stringers  did  not  require  accurate  cutting.  All  the  Umber  Was  rough. 
merchantable  Oregon  pine.  The  cost  of  this  tIMf,  covering  ISC.OOO 
sq.  It,  was  aa  follows; 

2S0  M.   Oregon  pine,  at  tlS.70 f  1.8(1 

9,3T3  ft.  of  Z-ln,  pipe 987 

Nalla  and  aplkea SOS 

MlUwork  on  GE1  corbels IT 

Cement  tor  footings ( 

Engineering    ISl 

IialHir,  Including  superintendence 1.001 

Total,  10S,000  aq.  ft,  at  4.S8  ctA fV.MO 

It  will  be  noted  that  the  labor  cost  was  about  |4  per  II.  Mr, 
Allln  Informa  me  Ihat  about  75%  of  the  work  was  done  by  laborers 
and  3G%  by  carpentera  The  laborers  received  tl.16  for  S  hra,  and 
the  carpenters,  $2.E0  tor  9  hra  The  work  was  done  during  hard 
times  and  quite  a.  number  of  the  laborers  were  really  carpenters; 
Carpenters  were  uaed  on  the  erection  work  and  on  work  around  the 
sides  of  the  structure  where  neatness  was  required, 

Hore  recently  Mr.  Allln  has  completed  covering  three  more  reaar- 
volra  In  a  similar  manner,  the  only  change  In  design  t)elQg  the  spac- 
ing of  JolBta  4  ft  apart  Instead  of  8  ft  He  believes  that  the  extra 
expense  la  Juatlfied  because  there  Is  less  warping  of  the  boarda 
Wages  are  now  (1906)  |4  per  S  hra.  for  oftrpentars,  and  ti  for 
laborers,  nnd  prices  of  materials  are  higher,  so  that  It  costs  S  eta. 

For  other  data  on  reservoir  roofs  see  the  section  on  Waterworka 
Cost  of  a  Crib  Oam.— Mr.  J,  W.  Woermann  gives  the  following 
cost  data  for  two  crib  dams  across  tbe  north  and  the  sooth  chan- 
nels of  Rock  River,  at  Che  head  of  Carr'a  laland, .near  Milan,  IIL. 
built  In  1804,  The  north  dam  Is  698  ft.  long;  tbe  south  dam,  1(4  ft 
long.  The  two  dams  are  connecter!  by  a  levee  1,000  ft.  long.  Tbe 
dams  are  on  a  rock  foundation,  and  designed  to  withstand  a  head  of 
4K  ft.  The  dam  is  a  crib  of  6  x  8-In,  pine  timbers,  with  a  rock 
filling.  The  main  part  of  tbe  dam  Is  13  ^  ft  wide,  with  an  apron 
fA  ft  wide.  maklnK  a  total  base  of  ZO  ft  A  filling  of  clay  and 
quarry  refuse  Is  placed  against  the  cribwork  on  the  up-stream  side, 
The  m.i1n  dam  and  the  apron  are  covered  wltb  l-ln.  oak  plank,  and 
the  up-atream  face  of  the  dam  with  two  rows  of  I-ln.  pine  sheet- 
piling.    From  the  oreat  of  the  dam  to  the  apron  the  tall  la  1  ft 
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An  ar«a  below  the  north  abntmmt  was  stripped  for  a  quarry 
(June,  1S94>.  and  the  800  cu.  yda.  of  Mripplng,  together  with  300 
cu.  Tds,  of  riprap,  were  used  (or  coSerdamB  for  the  north  dam. 
Tbe  oofterdanu  were  made  as  follows:    Crtbe,  IS  ft.  square,  were 

built  in  line,  spaced  14  ft.  aparL  The  cribs  were  built  In  Shallow 
water  liy  borInK  holes  in  the  ends  of  each  tlmt>er  and  dropptng  the 
timbers  over  long  upright  bolts  at  each  corner  of  the  crib.  The 
top  of  these  cribs  was  sheeted  with  l-in.  oak  plank  and  weighted 
down  with  bags  of  sand.  Timbers,  t  x  S-ln.,  the  ends  of  which  were 
supported  by  adjacent  cribs,  were  then  shoved  down  Into  the  water. 
This  fumlahed  a  cofTerdam  130  ft  long,  and  riprap  and  quarry  strip- 
ping dumped  against  the  face  of  the  dam  could  not  be  washed  away. 
The  1-ln.  oalc  plank  was  then  removed  and  used  fn  the  permanent 
woiIl  Subsequently  the  riprap,  which  was  placed  on  the  down- 
stream side  of  the  criba  was  ranoved  and  used  in  the  dam.  The 
quarry  stripping  was  placed  on  the  up-stream  side  of  the  cribs.  The 
areas  encloeed  by  cofferdams  were  EO  to  200  ft.  long,  and  were  kept 
dry  with  band  pumpa  The  water  In  the  river  was  so  Shallow  that 
wagons  were  used  to  deliver  alt  the  materials  used  in  both  coffer- 

The  carpenter  work  on  the  sonth  dam  wtts  begun  Aug.  7  and  fin- 
ished Aug,  22,  working  8  hrs.  a  day.  Including  Bunders.  For  this 
dam  alKlut  76%  of  the  rock  was  quarried  from  the  river  bed  without 
requiring  explosives.  During  the  construction  of  the  coITer-dam  for 
the  Bouth  dam  the  force  was  11  teams  and  EO  laborers  (for  a  few 
rush  days  there  were  130  laborers),  and  they  were  engaged  from 
July  i4  to  Aug.  i.  During  the  erection  of  the  cribwork  for  the 
main  dam  (IB  flays)  the  force  was  Ifl  cnrpenters  and  GO  laborers, 
about  one-third  of  the  laborers  aselsting  the  carpenters  in  carrying 
timbers,  boring,  driving  bolts  and  spikes.  The  numlwr  of  teams 
was  the  same  throughout  the  work. 

The  total  amount  of  timber  in  both  dams  was  330.190  ft  B.  M., 
distributed  thus: 

North  dam.  South  dam. 

Longitudinal    timbers    (pine) 47.230  73,5S0 

Tnnsverse  timbers   (pine) 28,350  48.950 

Sheet  piling  timbers   (pine) 1,9G0  14.610 

Plank  In  cooing  (oak) 33.640  42.840 

Plank  in  apron    (oak) 15.870  19.300 

Total    132,940  197,260 

The  cost  o(  the  labor  of  putting  this  timber  into  the  dams  was 
*S.80  per  H. 

The  rock  filling  In  the  north  dam  is  1,240  cu.  yda :  In  the  south 
dam,  S,3G0  cu.  yda     The  Iron  used  was: 

North  dam.  South  dam. 

Anchor  bolta    Iba 1.010  320 

Drift  bolts,   IbH. 6,0EO  9.610 

Boat   spikea    Iba 4.7BO  e.OEO 

Wire  nalla    Iba 300  400 

Total,    lbs 12,110  16.380 
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The  oCMrt  of  labor  on  th«  two  datna  wa»: 

•  North  dam.  South  dam. 

Haul  In  B  materia  la t    SS< 

BuJiaing    tofCer-dams f    730  1,0E( 

Preparing:    founiiatlon 19S  SIS 

Carpenter  work  on  dams 949  >SG 

Quarry  I  ng    rock,     flllinc    ciiba    and 

j-ratllnK  above  dams 1.9EE  1,871 

EnRtneerlng.    walchlnK    and    miscel- 
laneous           382  408 

Total    fl.KOO  t5.49G 

This  makes  the  total  cost  of  tabor  t9,996  on  the  two  dans.  Tb« 
total  cost  was  as  follows: 

Labor     $  9.99E 

Rent  of  land Ji7 

111  M.  oak 2.919 

218   M.    pine 8,087 

28.490  lbs.  Iron g6B 

Bxptaaiven ISl 

Total     117,174 

Coat  or  Timber  Crib*  far  Dams,  Etc,*— Ma].  Graham  D.  Fitch 
glvea  the  following: 

Timber  cribs  were  built  in  connection  with  the  bulldlnK  of  the 
lock  described  on  page  989. 

The  work  was  done  on  the  Upper  White  River,  Arkansas,  by  Qov- 
emment  forces,  common  laborers  receiving  fl.60  per  S-br.  day. 

Ovide  Cribt, — At  the  head  and  toot  of  each  lock  wall  permanent 
guard  or  guide  cribs  were  placed.  The  upper  river  crib  is  a  solid 
crib,  containing  the  line  of  the  river  wall.  It  is  ISO  ft  long  and 
8  ft.  wide  on  top.  The  inside  face  is  vertical  from  the  top  to  1  ft. 
below  the  upper  miter  sill,  below  which  it  is  stepped,  as  is  the  outer 
face,  so  that  the  width  of  the  base  30  ft.  below  the  top  is  20  ft 
The  lower  part  of  the  crib  work  connects  with  the  lock  wall,  but 
above  a  level  2  ft.  below  the  upper  miter  sill  there  Is  a  gap  10  ft. 
wide  between  the  crib  and  the  lock  wall  fflr  the  passage  of  drift 
The  top  of  the  crib  ia  level  with  the  coping. 

The  lower  river  crib  is  ISO  ft.  long  and  la  similar  to  tbe  upper 
crib  except  that  there  Is  no  8S.p  between  the  crib  and  the  lock  walla. 
and  that  the  top  of  the  crib  is  not  level  with  the  coping  throughout. 
that  portion  farthest  down  stream  being  G  ft.  below  the  coping  In 
elevation. 

The  land  cribs  are  In  line  with  the  lock  walls,  the  un>er  one  being 
6«  ft  long  and  the  lower  one  20  ft  The  criba  were  built  of 
10  X  10-ln,  timbers,  framed  and  drift  bolted  together,  pine  being  used 
below  pool  level  and  oak  above.  The  cribs  are  fllled  with  one-man 
stone,  large  selected  stones  being  set  on  edge  with  their  flat  faces 
against  the  side  openings,  the  top  being  covered  with  large,  well- 
Bhaped  stones  set  level  with  the  timltera 

*Engln'tTino-Conlra^tins,  May  6,  1908,  p.  28S. 


PIUNG,  TRESTUNG,  TIMBERWORK. 


Tb«  co«l  of  the  upper  land  crib  was  bb  t 

UaterlaL  Uni 

Lumber,  pln«,  30  H.  (L  B.  M. fll 

Riprap.  GOZ  cu.  rda. 

Iron,  2,350  lbs. 

Total  materials 

EicavBtins  15  cu.  yda t  1 

In«).  or  timber,  30  M.  H. 

Riprap,  002  cu.  yds. 

BuIldInK  and  fllUne.  30  H.  It II 

Backfill,  ISO  cu.  yda 

Total    labor 

Grand  total  (30  M.  ft.) 

The  labor  Items  In  the  above  work  tha:  < 
are  aa  rollown: 

Labor  time 
Work  done.  In  days. 

Bxcavatinc,  4S  cu.  yds. 46  7/8 

BulldlnR  and  filling.   30  M.  ft. 250  0/8 

BackOllbiK,  180  cu.  yds. 14  1/8 

The  cost  ot  the  lower  land  crib  was  as  follows: 

U&terlal.                                      Unit  coat  Tot 

Lumber,  pine,  9.3  VL  ft. |1S.1S  tl< 

Riprap,   lie  cu  yd*. 74  1< 

Iron,   113   Iba. Dit  1 

Total    materials |iJ 

ErcSTaflon  labor. 
Barth  83,  rock  IE,  107  cU.  yds....|  S.J6  tti 

Building  and  fllllnK,  B.3  IC  ft. i't 

Inq>.  of  timber,  4  IL  ft. 39 

Inspection  of  riprap,  (E  cu.  yds. .       .008 

Total    labor %il 

Grand  total  (9.3  M.  ft)  t8( 

The  folIowinK  Is  the  cost  of  the  lower  river  crib: 


Total.     In  crib. 


G  M."/l  ' 


...3  M.  fL  B.  M.. . . 

Riprap,  1.011  cu.  yds. 

Iron  and  spikes,  e.liO  Iba 

Fuel    

Total   coat  materials 

Labor. 

BxcavatinK.  980  cu.  yds. ■■ 

rramlng  and  plactng  timbers,  40.3 
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The  COM  of  the  upper  river  crib  w«a  SB  foliowa : 

MaterlaL                                         Dnlt  coat  TotaL  Si  crib. 

Lumber,  oak,  15.6  M.  ft  B.  M....t>0.12  I    314  $  t.M 

Lumber,  pine.  32  H,  ft  B.  U.....    11.90  477  10  02 

Iron  and  spUceB,  1,S30  Iba OSS  4t  93 

Riprap,  I.JIS  cu.  yds. 74  973  jo.47 

Total   coat  materials tl.SIO      (Ig.OS 

Excavation    1      GO 

Framing  and  placing  timbers,  47.3 

M.   ft $10.13  t    49] 

Filling  with  riprap,  l,I3B  cu.  yds.      .81  410  

Total  labor |    9S1        (19.98 

Grand  total   (47.S   U.   ft) fS.Ttl       %Si.OO 

The  Bverase  costs  of  crib  materiala  may  be  sumraarlied  as  follows: 

AveraBo  cost  of  riprap,  delivered f     .74 

Average  cost  to  place 43S 

Average  coat  tn  place 1.171 

PerM-ft    " 

Average  cost  of  orlb  timber,  delivered %1S.S2 

Average  cost  to  place  timber 9.29 

Average  cost  of  crib  timber  in  place 23.11 

The  above  costs  Include  field  eupervlslon  and  subsistence^  but  do 
not  Include  freight  on  timber,  which  is  about  fl  per  M  ft 

Crib  Dam. — Dam  No,  1  was  a  timber  crib  structure  placed  normal 
to  the  axis  of  Che  river  and  resting  against  the  buttress  of  the 
upper  river  loclc  gate,  so  as  to  have  the  whole  length  of  the  lock 
chamber  In  the  lower  pool.  The  dam  was  321  ft  long.  For  the  210 
ft  next  to  the  lock  It  la  founded  on  rock,  the  remainder  of  It  resting 
on  gravel.  The  width  at  the  foundation  Is  43  ft.,  and  the  height 
above  the  foundation  varies  between  a.  maximum  at  one  place  of  17 
ft  <on  rock)  and  a  minimum  of  19  ft.  next  to  the  old  abutment 
The  cribs  are  of  yellow  pine  except  the  slope  timbers  and  the  face 
stringers,  which  are  of  white  oak.  All  timbers  are  10  z  lO-ln.  scant- 
ling and  are  drift  bolted  together  at  their  Intersections.  The  up- 
stream face  of  the  dam  Is  vertical  to  within  i  ft  of  the  top,  whence, 
to  prevent  catching  drift.  It  Slopes  to  the  crest  (a  12  by  I3-Id. 
comb  stick),  having  a  slope  of  1  on  1.  The  down-stream  face  sloped 
from  the  crest  for  S  ft  with  a,  slope  of  1  on  4  and  was  stepped, 
having  two  steps  each  S  ft.  wide  and  an  apron  14  ft.  wide,  the  three 
vertical  Intervals  being  lour  courses  of  40  Ins.  each.  The  upper 
slope  was  laid  closely  so  as  to  be  water  tight ;  the  timbers  on  the 
down-stream  side  of  Che  crest  were  spaced  1  In.  apart  A  short 
section  of  the  dam  about  9  ft  In  length  was  In  1900  built  Inside 
the  lock  cofterdam  up  to  the  level  of  the  apron.  No  further  work  on 
this  dam  was  done  until  August.  1902.  when  work  was  recommenced 
by  excavating  with  a  drpper  dredge.  The  dam  was  built  In  three 
separate  sections,  which  were  partially  completed  a  short  distance 
Up-stream,   the  boCtoms  being  built  to  suit  careful  soundings  pre- 
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Tloiuly  taken,  and  then  towed  to  poaltlon  and  the  bulldloK  con- 
tinued. Only  every  other  pen  was  tilled  with  atone  until  the  laat 
■action  woH  In  place  and  weighted.  Triple-lap  elieet  piles,  B  by  12 
Ins.,  were  driven  to  rock  on  the  upper  Bide  of  the  dam  for  IID  fL 
out  from  the  Hbutment  where  the  dan  reeled  on  gravel :  the  remaln- 
InK  portion  of  the  dam.  which  Is  on  rock,  was  merely  sheeted  .with 
double-lap  114-in.  plank.  The  lower  »lde  of  the  dam  (or  120  ft. 
troro  the  atiutment  was  also  sheet  piled  for  the  purpose  of  boIdlOB  the 
graveL  The  dam  was  t>ackf]lled  to  within  i  ft.  of  the  eave  for 
at>out  iO  ft.  up-stream,  partly  with  iruinlM)  and  partly  with  gravel. 
Below  that  portion  or  the  dam  on  Ktavel  a  brush  mattress  covered 
vlth  1  (t  of  stone  was  laid. 

The  COM  of  this  dam  was  af  follows : 

EXCATATIOM. 
Materlala 
Fuel    and    oil |  Se 

1812/8   'days 367 

Total    t4G3 

FRAMINB  and  Pt^CINO  TlllBBRB. 

Materials.                                                Unit  cost.  Total.  Per  M.  ft. 

Oak,   1J2.8  ML  (t.  B.  U. (19.81     |a,S32  t  B,07 

Pine.  887,3  H.  fL  B.  M. IS.Tl        S,320  10.23 

Iron,    2G,i«7   lbs. 025         6Si  1.26 

Haullnc  lumber,  ItT.4  ]£.  ft.  B.  M...      1.18           1T3  .33 

Fuel,  oil,  etc. 173  .33 

Boat    spikes,    12    kegs 8.66           104  .20 

HIscellaneouB 12  .02 

Total  ™Bt  of  material,  620.2  M.  ft. 

B.    U. 117.43      (9,089      %1'l.ii 

Frame  and  place,  620.2  H.  ft,  B.  U..t  8.84  t  4,G99     t  8.84 

Grand   total    (18,668      (26.27 

The  labor  time  In  days  tor  framing  and  placing  the  G20.2  M.  ft. 
C  If.  was  2,392%,  and  the  average  amount  framed  and  placed  per 
man  l>er  day  was  217  It. 

Britiiio  SnBBr  Pilbs. 

Peru.  ft. 
Materials.  Unit  cost.  Total.    PIllnK. 

Oak.   2S.2   M.   ft (19.81      (    EOl      (19.81 

Boat  spikes,  2  kegs 8.60  17  .67 

Total  materials,  2E.2  M.  rt (20.48     (    518     120.48 

Labor. 
Driving,   26.2  U.   ft. (22.64      (    STO     (32.S4 

Orand    total (1,088      (43.02 

■The  total  labor  time  for  driving  the  25.2  M  ft.  of  sheet  piles  was 
£16%  days,  the  work  done  per  man  per  day  being  80  ft.  B.  U. 
drivan. 
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FlLLINa   (7,984  Cv.  Yds.) 

Percu.  yiL 
Materials.  Unit  cost.  Total.  FHIIdb. 

Riprap.  7,984  cu.  yds. |».7<        |(,908     tO.T< 

Coal   (haullDK),  47.1  tona EB  it         .001 

.FlllInK,  7,984  cu.  yds. 42S       S.GOg         .4!8 

Grand    total (9,439     (1.18 

The  total  labor  time  for  filling  was  1.999  days,  the  average  work 
done  per  man  per  day  being  4  cu.  yds.  of  flIlInK. 
PUDDUna  (B,e40  Cu.  Yds.). 

Per  en.  yd. 
Material.  Unit  coat.  Tolal.  Puddllnx. 

Fuel  and  oil t    148    tO.QlT 

Riprap,  eO  cu.  yds. (0.74  44  .aog 

EHssIng:  and  placing  8.840  cu.  yda...     .Z7T     t2,S»5  .f7T 

Orand    total J3,S8T  10^99 

RkPuddlino    (1904). 

Labor.  4. ESQ  cu.  yds. tO-SSS     tl,E29  t9.33t 

Cost  both  years,  1S,190  cU.  yda...... 4,118         .JII 

Total.      Per  lln.  fL 

Dam,  SS4  Ibi.  ft (28.774  188.81 

Dam,  mUng  7,984  ca  yds. |».eo 

SnxifAaT  or  Dau  No.  1. 

Total.    Unit  cost 

Excavation .S      iSi        

Framine  and  placing  timber,  G20.S  H.  It...    l},e«S     tiS.IT 

Sheet  priei,  2e;i  M.  (t. 1.088       43.01 

FllUng,    7,984   cu.    yds. 9,439  1.18 

PuddlTng,  8,040  cu.  yds. i,E87  .899 

Rapuddllng  (1904).  4, GEO  cu.  yds. 1.GI9  .386 

Protect) nR    apron    and    end    of    dam    after 

flanklnE  of  abutment   (1908) 1.218         

Changing  shape  of  old  dam  from  step   to 

■lope  t324   lln.   ft.) S.ITT        IB.Ot 

The  cost  of  Dam  No.  2  ts  given  tn  equal  detail  In  Bngbtmrhiir-Cint- 
tTocting,  but  it  will  suffice  here  to  eay  that  each  man  framed  and 
placed  2E0  ft.  B.  M  per  day,  at  a  cost  of  (7.02  per  M,  there  bring 
too  M  all  told. 

foundation  Crib. — The  crib  was  T  shaped  In  plan,  following  the 
general  outline  of  the  dam  abutment  The  length  of  the  river  face 
was  18S  ft,  its  width  was  12  ft  at  the  up-Htream  end  and  Ifi  ft 
at  the  down-stream  end,  and  24  ft  near  the  middle  for  a  dlstaQre 
of  37  ft,  beginning  48  It.  from  the  up-stresm  end.  The  portion 
of  the  crib  underlying  the  stem  of  the  abutment  was  20  ft.  wide 
and  60  ft  long  from  face  to  end ;  It  entered  the  bank  8S  ft  The 
crib,  which  was  constructed  of  10  by  lO-in.  •quared  timbers;  wms 
built  afloat  and  with  interior  pens  varying  In  site  from  E  to  10  ft  to 
10  by  12  ft  After  having  been  settled  In  place  it  was  fllled  with 
"one  man"  stone  up  to  2  ft  below  extreme  low  water  (8  ft  below 
water  level  at  the  time),  the  fllllng  averaging  11  ft  In  depth.  B«~ 
for«  (his  filling  began,  however,  the  distrllmting  boxes  for  the  grout 
were  placed.    These  consisted  of  open-ended  square  boxes  (8  by  S 
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Ina.  Inatde)  of  2-I11.  plank  perforated  wl(b  1H-ln-  bole*  spaced  i\gaas 
1  ft  apart  down  the  sldea  Tbey  were  long  enouKh  to  reach  Just 
Shove  a  looaely  laid  floor  on  the  top  Umbers  and  were  set  about  10 
ft.  ataxt  throuKhout  tbe  crib.  The  cost  of  these  boxea  is  given 
under  grootliiK.  After  the  grout  boxea  had  been  placed  and  the 
crib  filled  with  rubble  S-ln.  triple-lap  sheet  pllisK  was  driven  with 
B.  steam  hammer  along  the  outside  of  the  crib  from  a.  point  opposite 
ttie  downstream  edge  of  the  apron  to  the  up-stream  end  of  the  crib. 
and  thence  around  the  end  and  along  the  up-stream  face  of  the  stem. 
The  other  faces  of  the  crib  were  sheeted  with  double-lap  l-ln.  plaulc 
drlTen  by  band  mauls.  The  sheet  pillnf*  wae  also  for  the  purpose 
;  leakage  under  the  abutments,  otherwise  the  double 
l-ln.  plank  would  have  answered  throughout.  The 
rtteet  pIllDK  and  plank  sheeting  were  well  spiked  to  the  top  thnlMrs 
of  the  crib.  Gravel  and  earth  were  then  deiiOBlted  around  the  crib 
UP  to  the  water  level  for  a  double  purpose:  First,  to  prevent  the 
grout  from  forcing  Its  way  through  the  sheeting,  and  second  to 
aerve  as  a  coflerdam  when  the  time  came  to  pump  out  the  crfb. 
The  cost  of  this  foundation  crib  was  as  follows; 

FomnuTioN  Ckib. 

Per  M.  ft. 

UaterlaL                                                                               Total,  of  crib. 

Lumber,  pine.  IG.3  M.  ft.  B.  M.  at  tll.36 t    743  tll.SS 

Lumber,  hauled,  KO.S  M.  ft  R  M.  at  tl.2B 63  .86 

Iron.  &,123  lbs.,  at  J0.02S 119  1. 82 

Hlscellaneoua   materials 100  l.iS 

Tolal  cost  of  materials 11,02)     J16.87 

Framing  and  placing.  65.3  fL.  9B1  2/S  days.  .11.859      t2S.4T 

Grand   total $2,834      |44,14 

The  average  work  done  per  man  per  day  was  66.8  ft.  B.  H.  of 
Umber  banted  and  placed. 

SHVBT    PILBB    and    SBEBTtKQ. 

per  M.  ft. 
Materials.  Total.  In  place. 

Lumber,  oak,  IS.S  M.  ft.  B.  II.,  at  }1E.79 f    299      tl0.40 

Lumber,  pine,  9.9  U.  ft  &  M.  at  $13.99 139  4.S2 

Lumber,  hauled,  9.9  M.  fl.  B.  U.,  at  $1.25 12  .86 

Spikes  goo  Iba,  at  10.031 2G  .42 

Total  coat  of  materials 1    I7G     116.50 

Driving,' 28.7  M.  ft.,  334  days      }    730     J26.43 

arand  total 11,205     H1.93 

Fiu.iira  With  Rifbaf. 
Uaterlal.                                                            Total.  Percu.  yd. 
Riprap,  876  CU.  yda,  at  10.74 f    648      1   0.74 

Filling  and  placing,  Ilg  days t    23E     1     .27 

Inspection  of  riprap,  10  days IS  .02 

Grand  tolal,  878  on.  yda  riprap 1    901      1  1.08 
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The  average  work  done  per  man  per  day  wa*  &S1  cu.  yds.  of  rip- 
rap placed. 

Coat  of  a  Coffar-dam  and  Aqueduct — ^In  1840,  on  the  Brie  Canal, 
when  akilled  laborera  were  paid  tl  per  Aay  of  11  lira  worked  (and 
stonecuttera  received  f2.2G  a.  day — carpenters'  wages  not  stated), 
a  coDterdam  (buLlt  by  contract)  contalnlns  IGT.&DO  ft.  B.  M.  ol 
timber  and  plank  was  built  with  830  days  of  skilled  labor  and  a  few 
corpentera.  This  la  equivalent  to  130  ft.  B.  U.  per  nan  per  day. 
If  wages  hod  been  (2  per  day,  this  would  have  m««Dt  a  cost  of 
tlO.EO  per  H. 

In  building  (by  contract)  an  aqueduct  trunk  or  flume,  supported 
by  masonry  arches,  the  timber  gang  consisted  of  2  carpenters  to 
every  1  skilled  laborer.  There  were  put  in  892,400  ft  B.  H.  of 
timber,  of  which  £60,300  ft,  B.  M.  were  framed.  This  required  S.IS) 
days  of  carpenters  and  laborer*.    The  average  day's  work  for  each 

Ft-B.  M. 


.   648 
.    321 


If  wages  had  averaged  12. EO  per  day  (2  carpentera  to  I  laborer) 
this  would  have  meant  a  cost  of  t4  per  M  tor  framing  and  |g  per  H 
for  putting  In  the  work,  or  a  total  of  JIZ. 

Cost  of  Four  Olssonsr— 3Ir.  B.  L.  Crosby  gives  the  following  en 
the  construction  of  four  piers  for  a  double-track  bridge  across  the 
Ulssourl  River,  for  the  St.  Louis  extension  of  the  St.  L...  K,  &  N.  W. 
R.  B.  The  foundation  work  was  done  by  company  labor.  The 
masonry  piers  were  founded  on  pneumatic  caissons,  each  30  i  TO  ft- 
outslde  measure,  excepting  one  which  was  24  x  SO  ft.  The  calnons 
were  16  ft.  high.  Including  the  Iron  cutting  edge,  and  surmounted 
With  a  timber  crlbwork.  This  crlbwork  was  24  ft.,  4E  ft,  G8  fL  and 
84  ft,  high,  respectlvoly,  on  the  four  piers  Al!  the  caissons,  except 
one.  were  built  on  launching  ways  on  the  north  side  of  the  river, 
just  above  the  bridge  line.  These  launching  ways  were  con- 
structed by  driving  piles,  which  were  capped  by  12  1 12-1n.  timbers 
running  up  end  down  stream,  and  then  the  13  x  12-In.  way  timbers 
were  drift-bolted  to  the  caps.  The  ways  had  a  slope  of  !  liia 
to  the  foot  toward  the  river,  and  extended  far  enough  out  to  allow 
the  ccdsaon  to  float  before  being  clear  of  the  timbera  Plies  were 
cut  off  under  water  with  a  circular  saw,  and  the  drift-bolts,  which 
had  t>een  started  Into  the  cape  before  they  were  sunk,  were  driven 
by  a  ramrod  working  through  a  gas-pipe  over  the  drlft-twlt.  To 
remove  a  sand-bar  at  the  site  of  one  of  the  piers,  a  steamboat  wa* 
anchored  to  piles  over  the  pier  Rite,  and  by  the  revolution  of  Its 
paddle  wheels  washed  out  a  hole  T  to  10  ft.  deep.  Barges  were  placed 
each  side  of  the  caisson,  and  heavy  Umbers  tiolted  across  the  caisson, 
and  extending  out  over  the  barges.  The  caisson  was  towed  to  Its 
■Ite.  and  when  It  struck  a  sand-bar,  air  was  pumped  Into  the  caisson 
to  raise  It  so  as  to  clear  the  bar.  In  sinking  the  caisson  a  Uorrlaon 
•and-pump  and  a  Uorrlson  clay-bolst  were  used.  The  greatest  depth 
reached  below  low  water  was  101  fL.  and  laborers  In  the  caisson 
received  t3-&0  a  day  of  2  or  S  bra   (working  1-hr.  shifts)  at  tlila 
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great  dspth.  The  pneumatic  plant  used  In  alnktni  consisted  of  two 
No.  4  Clayton  duplex  compresBors,  having  gteam  and  air  cylinders, 
each  14-ln..  with  a  lE-ln.  stroke;  a  Worthlngton  duplex  pump. 
lS%xl0^xlO  ina.  and  a.  sraall  drnamo  and  englna  This  plant 
was  set  up  on  the  steamboat  whose  boilers  (umlahed  the  power. 
There  was  also  a  duplicate  plant,  which  was  used  part  of  the  time, 
supported  on  a  pile  platform.  There  were  several  hoisting  enetnes. 
a  pile  driver  boat  provided  with  a.  derrick  for  hEuidllng  timbers  In 
building  up  the  cribwork  on  the  calssona  The  concrete  used  to  fill 
the  cribwork  was  1:2:4  Louisville  cement,   and   I :  a  :  i 


cribs  titere  were  1,609  M  of  yellow  pine. 
Tho  cost  of  framing  and  building  the  caissons  waa  t^l.sa  per  M. 
This  Includes  cost  of  launching  waya  and  of  material  and  labor 
of  all  kinds;  except  the  cost  of  the  tir 
all  handling  and  towing.  Carpenters  v 
fl.TG  per  day. 

There  were  placed  In  these  caissons 
Squiring  18,036  bbla,  of  I>nilavl11e  cem 


-3?&' 


Fig.    4.— A  Small   Scow. 

fand  cement.  The  cost  of  this  concrete  (broken  atone  was  used) 
was  SG,34  pec  cu.  yd. 

The  average  coat  of  caisson  and  concrete  niUng.  Including  cutting 
edges,  shafting,  etc.,  was  34.2  cts.  per  cu.  ft  i  the  average  cost  of 
sinking  S.IT  eta  per  cu.  ft.  this  average  being  materially  Increased 
due  to  some  rock  excavation  on  one  pier  where  the  average  cost  of 
caisson  alnklng  was  12.33  eta.  per  cu.  ft  The  average  cost  of  cais- 
sons was  TnS  per  ft.  sunk,  ranging  from  (118  per  ft  on  one  to 
|S69  per  ft  on  the  one  where  rock  wB.s  encountered.  Work  on  the 
first  caisson  was  begun  July  30,  1892,  and  It  was  launched  Aug.  20. 
It  reached  bed  rock  Jan.  2,  1893.  at  a.  depth  of  89  ft.  below  low 
water.  The  first  engine  passed  over  the  completed  bridge  Dec.  ST, 
1S31. 

For  much  more  detailed  costs  of  caisson  work  see  data  In  the 
section  on  Brtdgea 

Cost  of  Two  Small  Scows.— For  use  In  river  work,  two  small 
scows  were  built  as  shown  In  Fig.  4.  Each  scow  was  2  ft  deep,  e  ft. 
wide,  and  32  ft.  long.  It  consisted  of  four  parallel  frames  made  by 
vHcing  2  X  8-ln.  hemlock  to  term  rough  trusses.  These  frames  were 
S  ft.  apart,  and  to  them  rough  hemlock  sheeting  plank  was  spiked. 
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making;  deck  bottom,  sides  and  ends  o(  a  cloaed  box.  All  the  Joints 
except -tlie  deck,  wer«  cajked  with  oakum  and  tarred.  Tbua  very 
cheap  and  watertight  acowB  were  made.  Thejr  were  etronK  enousb 
to  be  used  tor  a  floatliiK  pile  driver,  br  boltlnr  the  two  aeowi  aide 
by  Bide;  but  they  were  not  quite  la^e  enough  for  this  punx»e 
and  the  leaders  of  the  pile  driver  liad  jto  held  with  gay  ropes,  wlildi 
was  a  sreat  nuisance.  Nevertheless,  this  rough  and  light  construc- 
tion proved  good  enough  In  every  other  respect  tor  river  work  wtiere 
no  logs  or  other  heavy  objects  could  batter  the  acowa  Tito  coM 
of  these  two  scows  was  as  followi: 

S  H.  rauBh  hemlock,  at  fll |33.b0 

16  Iba  oakum,  and  necessary  pitch 1.G0 

1  kCK  nails Z.OD 

It  days'  labor,  at  |I UM 

Total  tor  two  acows ftO.EO 

This  Is  equivalent  to  fSO  each  tor  the  scows.  One  carpenter,  at 
t2.G0,  assisted  by  one  laborer,  at  tl.BO,  did  the  work,  which  cost  M 
per  H.  During  the  winter  the  scowa  were  hauled  out  of  the  water, 
and  next  spring  re-calked  with  a  lbs.  of  oakmn,  requiring  the  latKir 
of  one  man  for  14  hra  Each  scow  whs  readily  loaded  on  a  wa^on 
for  transportation. 

Cost  of  B  Ssml-Clrcular  Frume.~Mr.  William  H.  Hall  Is  authority 
tor  the  following  relating  to  tlie  work  on  the  Santa  Ana  Canal  of 
the  Bear  Valley  Irrigation  Co..  In  San  Bernardino  County.  California, 
In  ISII4.  Wooden  stave  pipe  and  a  seml'clrculs*'  stave  flume.  In- 
vented by  Ur.  Hall,  were  largely  used,  and  cost  data  are  given. 
The  nume  Is  B^  ft  In  diameter,  seml-clrcular,  made  of  dressed  red- 
wood staves  IV  Ina  thick  held  by  binding  rods  or  hoops  (t  ft-  S  Ina 
apart)  passing  through  <x4-!n.  wooden  cross-yokea  The  fluow 
rests  on  stlls  or  tralsters  (10  ft  apart)  rat  to  fit  Its  cnrved  bottmn. 
and  theee  etlla  are  supported  on  concrete  blocks  or  on  wooden  trestles 
according  to  the  locality.  A  gang  of  10  laborers  and  E  carpenters 
and  a  foreman  built  the  flume.  Not  a  nail  was  used  In  Its  con- 
struction. <<BgeB  were  high,  being  |2  a  day  for  laborers,  ti  a  day 
for  carpenters,  and  H  a  day  for  team  and  driver.  The  coat  of  erect- 
ing the  flume,  exclusive  of  trestle  work,  was  IB.75  per  M,  but  this 
does  not  Include  shop  work,  delivery  and  calking. '  The  cost  of 
delivering  the  lumber  In  wagons  was  JZ.BO  per  H  and  subdellverlng 
It  on  dollies  was  JI.50  per  M  more,  as  the  work  was  In  a  rough 
country;  hauling  costing  37^4  cts.  per  ton  mile  by  contract.  The 
coat  of  making  the  sllla  and  yokes,  and  dipping  all  the  lumber  In 
coal  tar,  and  calking  after  erection,  came  to  M.2E  per  M,  Including 
all  timber  In  the  Hume,  exclusive  of  trestlea  Hence  the  total  latior 
cost.  Including  delivery  and  subdellvery,  was  tl4  per  H.  The  lum- 
ber was  bought  for  MS  per  M. 

The  cost  of  framing  and  erecting  timber  trestles  to  support  this 
flume  was  tl3  per  M,  the  rough  pine  Itself  costing  tl>  per  U :  tbe 
cost  of  delivering  was  presumably  (E  per  U.  The  work  was  haU 
over  before  the  men  t>ecame  trained  to  their  work,  and  at  no  tlOM 
were  they  very  s«Uv«  or  effldent 
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Th«  total  amount  of  dressed  redwood  tor  the  flume  stave*  was  Sli 
M.  wtilch  requlmt  211,000  lbs.  of  wrought  and  cast  Iron  for  bands, 
bolts,  etc.,  or  about  700  lbs.  per  1.000  ft.  B.  U.  This  Iron  cost  E14 
cts.  per  lb.  At  these  bigb  prices  the  cost  of  tbs  llnlsbed  fluDW  was 
about  fG  per  lln.  ft.,  of  which  (2.50  was  for  the  flume  alone  and 
ti.eo  for  the  trestle  supporting  it 

Cort  of  a  Wood  Flume,  Klamath  Irrlostlon  Project.*— The  flume  Is 
4,S03  ft  long,  and  has  an  Inside  width  of  11  ft  and  Inside  belght 
of  SM  ft;  It  rests  on  concrete  plera  with  rubble-stone  foundations, 
and  Is  built  of  red  flr  lumber.  Of  Class  1  lumber,  for  the  frame- 
work of  the  Hume,  *<2,000  ft  B.  M.  were  purchased  at  HB.BO  per 
thousand,  delivered.  Meamirement  after  construction,  however,' 
showed  only  438,000  ft  B.  M.  in  place,  and  thus  indicated  a  waste 
of  1,000  ft  B.  M..  or  a  llttte  less  than  1%.  Of  Class  2  lumber,  for 
lining  the  flume.  60.000  ft  B.  VL  were  purchased  at  I30.G0  per  thou- 
sand, delivered,  and  227.000  ft  B.  U.  at  tl9  per  thousand,  making 
a  total  purchase  of  287,000  ft  B.  M.  Measurement  after  construc- 
tion showed  284.200  ft  B.  M.  In  place,  thus  Indicating  a.  waste  of 
2,800  ft  B.  M.,  or  about  1%. 

The  concrete  piers  and  stone  foundations  were  built  by  force 
account.  The  piers,  1,091  in  Duml>er,  are  18  Ina  high,  24  Ins.  square 
at  the  base,  and  12  ina  square  at  the  top.  and  rest  on  rubble  founda- 
tions 3  ft  square. 

The  total  costs  on  which  the  tabulated  unit  costs  are  based  are 
121.000  for  the  flume  proper  and  tE.995.88  for  the  foundations;  In 
addition,  however,  there  were  costs,  not  distributed  tn  the  unit 
costs,  of  (174, S6  tor  a  spillway  and  t317.51  for  miscellaneous  gt- 
penditures,  making  a  total  cost  for  the  whole  structure  of  128,618.38, 
or  te.ei  per  lln.  ft.  of  flume. 

—Per  M  ft  B.  It—         Flume 
Ijabor;  Class  1.         Class  t.      per  lln  ft 

Superintendence    |  0.4S  f  1.02  tO.ll 

Carpenter    work    6.07  4.BS  .98 

Distributing  timbers «S  .8>  .11 

Ulscellaneous     21  .11  .03 

Material: 

Lumber    delivered 16.(4  21.60  8. OS 

Bolts  and  washer* S«  .04 

Nails  and   spikes 04  .94  .IE 

Bngineering  and  Inspection..     2.S1  2.91  .BO 

Totals  for  flume  proper. .  .(27.12            132.10  $4.90 

Piers  and  foundations 1.62 

|Tb2 
coat  of  Lock  QaUa-t— HaJ.  Graham  D.  Fitch  gives  the  following: 
The  gates  for  the  lock  de*crll>ed  on  page  670  are  of  the  standard 
form,  namely,  miterlng  gates  of  the  girder  type  with  straight  tiaek 
and  front-  They  are  horizontally  framed  and  without  quoin  or 
miter  post^  the  m^n  tlmb^-s  extending  from  edge  to  edge  of  the 
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Kate  and  the  eait.  which  are  built  up  aolld  with  fllllns  blocka,  betns 
■baped  to  lit  the  bellow  quoin  and  miter,  respectively,  thu>  avoldlns 
the  weaknoBB  of  beams  Jointed  Into  vertical  heel  and  toe  poMI.  The 
rise  was  taken  as  1/8  ol  the  epan,  which  1*  equivalent  to  a  miter 
angle  of  IS  degrees  26  minutes. 

The  ^tee  are  of  white  oak,  20  Ins.  thick  throughout,  each  arm 
conelslinB  of  a  built-up  beam  composed  of  two  10  by  lO-lu.  timbers 
bolted  together  with  1-ln.  bolts  and  extending  Id  one  length  from 
toe  to  heel.  The  tops  of  the  gates  are  flush  with  the  tops  of  the 
lock  walls,  so  that  the  lock  can  be  need  until  the  walls  are  sub- 
>  merged.  The  lower  gates,  which  are  28  ft.  B  InB.  In  height,  are  bultt 
■olid  lor  10  ft.  from  the  bottom.  For  the  upper  gates  those  figures 
become  IB  ft.  E  ina  and  20  Ina,  respectively.  By  making  the  lower 
portion  of  a  gate  solid,  the  gate  may  be  made  thinner,  thus  reduc- 
ing under  preasure.  The  upper  portions  of  the  gates  are  paneled; 
the  arms  are  all  made  of  the  same  ecantllag  as  below,  but  are 
■paced  Inversely  as  the  maximum  loads ;  the  arms  are  separated  by 
Ave  blocks  (Including  the  two  at  the  heel  and  toe),  and  the  Inter- 
vals are  closed  with  a  sheathing  of  2-ln.  oak  plank  made  watertight 
by  calking.  The  beams  are  held  together  by  seven  pairs  of  long 
I^-ln.  bolts  running  vertically  through  the  center  lines  of  the  main 
timbers  as  well  as  through  the  filling  blocks  in  the  upper  part  of  the 
gate.  The  weight  of  the  gate  Is  taken  up  by  two  diagonal  tie  straps 
of  3H  by  %-la.  wrought-lron  eyebars  provided  with  tumbuckles; 
one  end  of  each  eyebar  passes  over  a  pin  In  the  Journal  strap  and 
the  other  over  a  similar  pin  held  In  place  near  the  lower  end  of  the 
toe  by  a  stirrup  strap  and  a  noee  strap.  The  bottom  be«un  la  Btted 
at  the  quoin  with  a  cast-iron  heel  piece  which  resle  on  a  forged 
steel  pivot  shrunk  into  a  cast-Iron  pivot  plate  having  lulBclent 
bearing.  This  bedplate  Is  bolted  to  the  concrete.  The  top  gudgeon 
Is  a  2-ln.  steel  pin  supported  at  both  ends  by  Journal  castings,  be- 
tween which  the  collar  works.  In  order  that  the  leaf  may,  In  open- 
ing and  closing,  swing  clear  of  the  quoin  without  friction,  the  rota- 
tion axis  of  the  pivot  and  gudgeon  Is  on  the  up-stream  Bide  of  the 
center  of  figure  of  the  hollow  quoin  when  the  leaf  Is  closed,  the 
eccentricity  being  1^1  Ina  The  up-stream  half  of  the  toe  Is 
rounded  oft  so  that  the  surface  of  contact  when  the  gatea  are  mltered 
shall  fall  upon  the  down-stream  timbers  of  the  built-up  beama 
Thus  the  compression  due  to  Ihe  end  reactions  Is  thrown  on  the 
down-stream  timbers  where  It  will  relieve  the  tension  from  the 
direct  loading,  and  la  removed  entirely  from  the  up-stream  timbers 
to  avoid  Increasing  the  compression  from  (he  direct  loading. 

The  anchorage  for  the  gates  eonalats  of  four  wrought-tron  bars 
with  caat-lron  washers  or  anchor  plates  embedded  In  the  concrete 
and  connected  In  pairs  at  their  exposed  ends  to  two  heavy  castings. 
The  anchorage  connections  fit  In  a  recess  below  the  coping  and  are 
covered  with  a  cast-iron  plata 

The  method  of  building  and  placing  the  lock  gates  was  a» 
foUowa: 
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A  Hoall  hand-power  derrick  waa  erected  on  a  level  tiiot  so  ae  to 
conunand  the  v&yB,  which  wars  built  of  heavy  Umbera  laid  perfectly 
level  about  2H  ft.  from  the  ground  and  cloee  enough  together  to 
•upport  without  detlectlon  the  weight  of  an  entire  gate.  On  each 
Bide  of  the  aerrlck  were  placed  two  sets  of  ways,  between  which 
ran  a  track  for  carrying  the  tlmbere.  The  gate  timbers  were  de- 
livered aa  needed  to  the  derrick  and  placed  on  the  ways,  the  built- 
up  beams  framed  and  bolted,  and  the  heel  and  toe  worked  to  pat- 
tern. The  arms  and  blocka  were  then  Juxtaposed  In  position  ea  aa  to 
get  the  alignment  of  the  long  bolts  and  then  separated  for  the  holes 
to  be  bored.  This  was  a  tedious  procedure,  as  no  matter  how  care- 
fully the  measurements  tor  the  holes  were  made  It  was  found  Im- 
possible to  bore  all  of  them  In  the  different  pieces  so  as  to  avoid 
alight  errors  of  alignment ;  hence  burning  the  holes  out  with  long 
rods  of  hot  Iron  had  to  be  resorted  to.  The  gate  was  then  assem- 
bled, the  bolts  Inserted  and  tightened,  the  Irons  fitted  on,  the  heel 
and  toe  worked  to  pattern,  and  each  arm  and  block  numbered  to 
avoid  any  dlaplacement  later.  The  gates  were  then  taken  apart  and 
transported  to  the  lock  pit  to  be  erected  piece  by  piece,  for  which 
Ik  land  derrick  was  used.  Aa  each  beam  was  put  Into  position  Its 
top  was  given  a  heavy  coat  of  white  lead,  and  the  position  of  Its  bolt 
holes  tested  by  thrusting  down  an  Iron  rod.  After  the  g:ate  had  been 
thus  built  up  to  the  required  height,  the  long  perpendicular  bolts 
were  raised  by  the  derrick  and  put  Into  place,  the  various  Irons 
Stted,  the  anchor  bars  and  tie  straps  tightened,  and  the  gate  swung. 
The  gates  were  then  given  two  coats  of  red  lead. 

The  gates  are  opented  by  hand  power.  The  maneuvering  gear 
consists  of  a  ^>ar,  to  each  end  at  which  Is  fastened  one  end  of  a 
chain ;  the  bight  of  this  chain  Is  led  through  a  chain  guide  consist- 
ing of  two  sheaves  to  a  chain  capstan  worked  by  a  crank.  The 
^te  Is  opened  or  closed  according  as  the  chain  la  pulled  In  one 
direction  or  the  other. 

Aa  wooden  lock  gates  sahject  to  varying  lifts,  unlest  made  too 
heavy  at  low  water,  are  too  buoyant  at  high  water,  it  Is  necessary 
at  the  approach  of  floods  to  ballast  them,  which  was  done  by  tilling 
the  panels  with  large  stones. 

The  miter  sills,  which  provide  an  elastic  cushion  for  the  bottom 
of  the  gatest  consist  of  12  by  IS-ln.  timbers  well  tulted  to  the 
miter  wall,  as  they  may  sometimes  be  subjected  to  a  lifting  pressure 
from  the  gates,  and  when  once  started  the  upward  water  pressure  Is 
of  course  added.  The  miter  allls  are  i  Inn.  higher  than  the  miter 
walls  ao  as  to  act  as  a  guard  for  the  masonry.  The  miter  sills  are 
1  n.  t>e1ow  normal  i  ft.  depth,  so  as  to  permit  the  pool  level  to  be 
reduced  without  alTectIng  navigation.  The  sills,  like  the  gales,  are 
of  white  oak  and  were  set  when  the  concrete  was  placed  In  the  miter 
walla  The  gates  do  not,  when  shut,  extend  over  the  sill,  as  Is  some- 
times the  case,  for  a  difficult  Joint  then  becomes  necessary.  In 
this  Instance  the  gates  lap  the  sill  by  G  Ina.,  the  under  i 
being  counterbalanced  by  the  weight  of  the  gates. 
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The  coit  of  the  satea  and  tills  was  bb  follows: 

UaterUa:                                                        Unit  coaL 
Lumber,  oak,  3G.T  M  ft.  B.  IC f41.37 


vrought  common.  153   lbs... 

..   jast,   «00  lbs. 

I,  cast.  B,SS4  lbs. 


Total  maUrlala  tt,803 

Inspection  of  lumber.  33.9  M  ft %  O.ISST  %      II 

Haullns    mlseeJlaneoiis    material IB 

Framitii:.  ii.1  M  ft 43.28  i.&is 

Setting  gates,    4 7«.e4  306 

Care,  repair  and  adjusting  since  1901,  4 887 

Total   cost  of  liibor »2.Tfi« 

Qrand    total fS.SSS 

The  total  labor  time  in  dHj-B  for  framing  was  684  4/8  and  the  work 
done  per  man  per  day  was  62,1  fL  ;  the  total  labor  time  for  setting 
the  four  gates  was  HSli  days. 

Coit  of  a  HallwB/  Box  Car.~Mr.  E.  C.  Spalding  Is  authority  for 
the  following  data  on  small  box   cars  built   In  1883.     The  car  was 
probably   deslKned    lo   cnrry   about   30,000   ll>fl.,   for   Its  own  weight 
must  have  t>een  atraut  23,000  \ba. 
Material  in  Body; 

4.000  ft.  R  M.,  at   »20 t  80.00 

TOO  lbs.  wrought  Iron,  at  tO.O& 35.00 

60O  ibs.  cast  Iron,  at  |0.D3 18.00 

NallH     B.20 

46    lbs.   draw-springs,  at  J0.09 4.14 

Tin  for  roof 13.60 


Total  material   In  body.. 


Labor  oil  Body: 

20  days  carpenter,  at  t2.25 t  4S.O0 

2  days  tinner  on  roof,  at  tZ.OO 4.O0 

1%  days  palmer,  at  12.00 3,00 

Total    labor    on    body 163.00 

Material  In   Trvcka: 

4,300  Iba.  wheelH;    1.400  Iba.  axles 1160.00 

64  lbs.   braHsea,   at  (0.22 14.09 

184  Iba   springs,   at    (O.OB 16.66 

490  ft.  F    ■■     -'  ""■  


aught  Iron,  at  $0.05. 
It  Iron,   f  "* 


tO.OS SO.OO 


Total  materials  tn  trucks 1230.24 

Labor  on  ITuct*,- 


i  day  painter,  a 
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It  will  be  noted  that  th«  cost  ot  the  labor  on  the  box  of  the  car 
WM  t4G  Mr  4,000  ft.  B.  M..  or  tI1.2G  per  H.  The  labor  coat  on  the 
480  ft-  B.  M.  In  the  trucks  waa  practically  the  same  rate. 

By  reference  to  data  In  the  section  on  BulldlnKS;  It  will  be  found 
that  the  labor  coats  of  frame  buildings  Is  about  the  some  as  above 
Klven  for  this  box  car. 

Coat  of  MskJna  Bodies  for  Dump  Cars.— Some  bodies  for  bottom- 
dtmiplng  cara  were  made  to  be  mounted  on  ordinary  hand-car  trucka, 
uid  were  used  In  flillnK  a.  trestle.  The  car  bodies  were  ma.de  hop- 
per Shape,  the  sides  being  4  tl.  apart;  the  ends  were  8^  ft  apart 
)t  the  top  and  sloping  toward  the  center  until  they  were  4  ft.  apart 
kt  the  bottom.  The  height  of  the  body  was  20  Ins.,  thus  giving  a 
struck-messure  capacity  of  iS  ou.  fi  Two  doors,  forming  the  bot- 
tom of  the  car,  were  hinged  to  the  two  ends  of  the  car  body  with 
three  14-Id.  strap  binges  to  each  door.  These  doors  were  ee^  IB  Ins. 
wide  and  4  fL  long,  and  were  closed  by  means  of  hoisting  chains 
(ti-ln.  Iron)  passing  around  a  2K-ln.  gas  pipe  winch  which 
•panned  the  car  from  side  to  side.  This  I^'In.  gas  pipe  was 
Stiffened  by  a  2H-[n.  pipe  slipped  Inside.  It  required  lEO  ft  B.  M. 
Ot  plank  to  make  each  car.  and  a  carpenter  (26  cts.  per  hr.)  with  a 
helper  (IE  cts.  per  hr,)  averaged  one  car  in  T  hra,  which  la  at 
the  rate  of  flO  per  U. 

Cost  vt  Making  Toot  Boxes. — A  carpenter  made  two  tool  boxes 
of  l-ln.  matched  ptne  boards  In  ID  hra,  Bach  box  contained  ISO  ft. 
B.  IL,  so  that  the  labor  cost  was  a  UtUe  leaa  than  (10  per  M.  wages 
being  n  ots.  per  hr. 

Cost  of  Plank  Roads.— Very  often  the  contractor  would  be  en- 
abled to  haul  much  larger  toads  In  wagons  If  he  were  to  build  plank 
roads  up  certain  short  steep  ascents,  or  up  out  of  the  pit  The 
planks  need  not  be  spiked  to  the  etrlngera  Plank  for  such  roads 
should  be  8  ft  long  and  3  Ina  thick.  Contrary  to  general  opinion 
cedar  mokes  an  excellent  plank  road,  for  Its  surface  soon  becomes 
a  thin  mat  of  Wood  fibers  and  dirt  that  protect  the  body  of  the 
plank.  Slither  three  lines  of  4  x  B-ln.  or  two  llnea  of  3  x  12-ln. 
cedar  stringers  should  be  bedded  In  tfae  ground  and  the  plank  laid 
open  them  without  spiking. 

In  the  State  of  Washington  I  found  the  cost  of  building  the  very 
best  of  these  plonk  roads  to  be  as  follows;  Three  skilled  laborers 
bedding  three  lines  of  4  x  8-ln,  stringers  In  clay,  laying  and  spiking 
l-ln.  plank,  averaged  1S,000  ft,  B.  M.  per  ID-hr.  day.  At  (2.60  per 
day  per  man,  the  cost  would  be  0,60  per  M.  In  sand  these  man 
averaged  18,000  ft  B.  it.  per  day.  They  were  hustling,  as  they  re- 
ceived sq  eta  per  1.000  ft  B.  M.  for  laying  this  road,  plank  being 
delivered  alongside. 

Over  such  a  road  a  team  can  pull  as  much  as  on  the  very  best 
asphalt  pavement.  The  "trick"  about  building  a  good  plank  road  Is 
to  bed  the  stringers,  not  leaving  them  on  top  of  the  ground.  The 
road  then  Is  Arm  and  greet  loads  can  be  hauled  over  11.  so  long  as 
It  Is  kept  In  good  condition. 

Since  In  temporary  roads  the  aplklng  may  be  omitted,  and  as  a 
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matter  of  fact  It  should  be  omitted  even  on  permanent  roada.  ve  see 
that  the  pltuik  may  be  used  over  and  over  b«bIii  Cor  dlHerent  Jobs; 
but  It  the  road  la  worth  laying  at  all  It  Is  worth  layloK  well  In  tbe 
flr»t  place. 

Plunk  road  work  lends  itself  admirably  to  payment  by  the  piece 
rate  or  by  the  bonus  system. 

Plies.— Piles  are  sold  by  lumber  dealers  at  5  to  IE  cents  per  lln.  ft. 
of  pile  for  all  ordinary  lensths,  but  very  long  piles  bri as  high  prices 
per  lln.  ft.  Speclflcatlons  usually  provide  a  contract  price  per  lln. 
ft.  for  "piles  delivered"  on  the  work  ready  to  drive ;  and  another 
price  per  lln.  ft  for  "piles  driven."  The  length  of  the  "pile  driven" 
Is  the  full  length  of  the  pile  left  In  the  work  after  cutting  oS  the 
broomed  head,  although  occasionally  It  Is  speciQed  to  t>e  tbe  length 
of  the  pile  underground.  Hence  care  ^ould  be  taken  to  make  clear 
what  Is  meant  by  the  expressed  "per  foot  of  pile  driven." 

The  actual  cost  of  driving  a  pile  should  be  recorded  in  doUara  and 
cents  per  pile,  as  well  as  In  cents  per  lln.  ft.  of  pile  driven :  for 
coats  vary  less  per  pile  than  per  lln.  ft.  This  Is  evident  when  we 
consider  that  where  the  driving  Is  «asy  a  very  long  pile  Is  driven  In 
no  longer  time  than  is  required  for  a  short  pile  where  driving  Is 

I  prefer  to  specify  payment  for  "piles  delivered"  by  tbe  lineal 
foot,  and  for  "piles  driven,"  by  the  pile. 

Pile  Drivers.— There  are  three  types  of  pile  drivers:  (I)  Pree  tail; 
(S)  friction-clutch;  and  (3)  steam-hammer.  In  the  free-ftlll  driver. 
tbe  hammer  la  detached  from  the  hoisting  rope  and  allowed  to  fall 
freely  upon  the  pile.  In  the  friction -clutch  driver,  the  bamraer  re- 
mains always  attached  to  the  hoisting  rope,  and,  by  means  of  a 
friction  clutch  on  the  hoisting  engine,  the  drum  Is  thrown  Into  gear 
or  out  of  gear  at  will.  When  tbe  clutch  Is  thrown  out  of  gear,  the 
hammer  falls,  draRglng  tt)|  hoisting  rope  after  It.  The  Nasniyth 
steam-hammer  !b  raised  by  steam  acting  direct  upon  a  piston  at- 
tached to  the  hammer.  The  hammer  Is  raised  about  3'A  ft.,  and 
allowed  to  fall  by  gravity. 

A  steam-hammer  strikes  about  60  blows  per  minute.  A  friction- 
Clutch  hammer  strikes  about  18  blows  per  minute  when  the  bem- 
tner  falls  12  ft.:  and  25  blows  per  minute  When  the  hammer  falls 
only  E  ft.  A  free-fall  hammer  strikes  about  7  blows  per  minute 
When  the  fall  Is  20  ft.  and  a.  hoisting  engine  Is  used. 

The  free-fall  hammer  Is  much  used  where  horses  do  the  hoisting 
Instead  of  an  engine.  In  either  case  a  lug  on  top  of  Che  hammer  ts 
gripped  by  a  pair  of  "tongs,"  which  are  tripped  at  the  dealrod 
height,  allowing  the  hammer  to  fall.  The  "tonga"  descend  slowly 
by  gravity  helped  perhaps  by  the  man  who  has  tripped  them,  and 
they  automatically  grip  the  hammer  again.  The  "tongs"  are  also 
called  "scissors"  or  "nippers." 

The  two  upright  timbers  that  guide  the  hammer  are  called  "leads." 
or  'leaders,"  or  "glna"  or  "waya"  A  common  weight  of  hnm- 
taer  for  a  free-fall  or  a  friction -clutch  machine  Is  2,000  to  3,000  Iba 

An  "overhang  driver"  Is  a  driver  provided  with  leada  that  project 
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8  to  20  ft.  beyond  the  base  of  support  of  the  driver.  The  taorlsontal 
beams  that  support  the  leads  of  an  overhang  driver  are  trussed ; 
and  the  weight  of  the  engine  on  the  rear  of  the  trussed  beams 
counterbalances  the  weight  of  the  leads  and  the  hammer  on  the 
front.  A  cheap  driver  of  this  type  can  readily  be  made  for  driving 
the  bents  of  a  pile  trestle  acroas  a  river,  or  other  body  of  irater, 
where  a  scow  la  not  available  for  mounting  the  driver  upon.  The 
author  has  built  such  a  driver  with  a  20-fL  overhang  for  driving 
falsework  pile  bents  across  a  river. 

A  "railway  pile  driver"  la  a  heavy  driver  of  the  "overhang"  type» 
mounted  on  a  railway  flat  car.  Sometimes  these  drivers  are  made 
self-propelling;  but  frequently  a  locomotive  Is  used  In  handling  the 
driver.  The  leads  are  so  made  that  they  can  be  lowered  when  pass- 
ing under  overhead  bridges,  etc  In  working  with  an  overhang 
driver,  there  Is  always  considerable  delay,  for  as  soon  as  the  3  or 
4  piles  for  a  bent  have  been  driven,  they  must  be  sawed  off  and 
capped  with  a  13xl2-ln.  stick  drltt-bolted  to  the  piles,  before  the 
beams  or  stringers  can  be  laid  to  support  the  driver  when  It  moves 
forward. 

A  "scow  driver"  will  drive  nore  piles  per  day  than  a  "railway 
driver,"  because  this  delay  In  sawing  oft  and  capping  each  bent 
does  not  occur.  Moreover,  the  piles  are  lloated  alongside  the  driver 
ready  for  Instant  use.  The  scow  itself  is  qulcUy  shitted  by  means 
of  ropes  from  suitable  anchorages  to  the  winch-heads  of  the  engine. 

Excepting  on  railway  work,  land  drivers  (as  distinguished  from 
•oow  drivers)  are  seldom  mounted  on  wheels  running  on  a  track: 
but  are  usually  supported  on  rollers  running  on  plank  or  timber 
runways  laid  down  In  advance  of  the  driver.  If  the  ground  la  very 
irregular,  It  must  be  either  graded,  or  the  timber  runways  tor  the 
driver  must  be  supported  by  cribbing  or  blocking  so  as  to  give 
a.  level  runway  for  the  driver.  The  building  of  such  a  runway  often 
retards  the  work  of  land-driving. 

Excepting  where  the  driving  Is  exceedingly  hard,  the  bamioer  Is 
actually  at  work  but  a  small  traction  of  the  day  at  best  The 
contractor  should,  therefore,  exercise  his  wits  to  reduce  the  lost 
time. 

There  are  no  very  reliable  data  as  to  the  relative  eltectlveness  of 
the  blows  of  steam-hammer  drivers  and  frlctlon-clutch  drivers,  but 
the  following  data  by  Mr.  N.  B.  Weydert  may  prove  of  value : 

In  driving  piles  in  Chicago,  piles  G4  ft  long  were  driven  E2  ft,  of 
Which  27  (U  were  In  soft  clay,  and  25  ft.  In  tough  clay.  Each  pile 
averaged  13  Ins.  In  diameter.  Using  a  Masmyth  steam  hammer, 
striking  G4  blows  per  minute,  with  a  weight  of  4,600  Iba  falling  3M 
ft.,  it  required  48  to  (4  blows  to  drive  the  last  foot  when  a  follower 
20  ft  lonK  was  used  on  top  of  the  pile;  but.  without  a  follower.  It 
Is  estimated  It  would  have  taken  only  34  to  33  blows  to  drive  the 
last  foot.  After  a  pile  had  stood  34  hra  It  required  800  to  BOO  blows 
of  the  hammer  on  the  follower  to  drive  It  l  ft. 

Id  the  same  soil,  using  a  3,oao-lb.  drop  hammer  falling  30  ft., 
and  striking  a  follower  20  (t  long,  it  required  16  Mows  to  drive  the 
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laM  foot ;  but  with  tbe  Min*  hunmer  taUlng  It  ft,  It  required  31 
to  16  blows  on  the  follower  to  drive  ttia  pile  the  last  foot 

Tbe  piles  were  tested  with  a  load  o(  SO  tons  each  for  two  weAs 
and  showed  do  settlemeDt. 

The  Stsam  H«mmer  v«.  the  Drop  Hammer. — Borne  60  years  ago. 
when  the  Nasmyth  steooi  hiuniner  ca.ms  Into  proiolnence  as  a  pile 
driver,  It  was  predicted  by  engineers  wbo  had  seen  it  that  the  days 
of  the  rope  holned  hamtner  were  numbered.  Nor  le  it  unconunon  to 
read  similar  predictions  even  to  this  day^  That  the  steam  banuner 
weigblng  two  tone  and  atriklng  SO  blows  a  minute  is  a  very  etCectlve 
machine  no  one  can  deny,  but  what  appears  to  have  been  overlooked 
by  many  engineers  la  the  fact  that  in  nearly  aU  driving  of  piles  on 
land,  a  very  small  fraction  of  the  worlclng  day  of  a  pile-driving  gang 
Is  apetst  in  actual  driving.  This  Is  particularly  the  case  In  building 
pile  trestles  with  a  railroad  pile  driver. 

Records  that  I  have  kept  show  very  clearly  how  little  tbne  la 
ordinarily  spent  In  pile  drivtng  on  trestle  work,  uelng  the  ordlnatr 
railroad  pile  driver  with  a  friction-clutch  engine.  Bach  trestle  bcot 
consisted  of  four  pile*  driven  about  10  ft.  into  Arm,  dry  earth,  and 
bents  were  lb  ft  c.  to  c.  It  took  about  10  blows  of  a  S,800-lb.  ham- 
mer falling  about  IS  ft  to  drive  each  pile,  and,  one*  the  pile  was  in 
the  leaders,  these  10  bloWB  were  delivered  In  from  1  to  1  minuted 
depending  upon  minor  delays  in  keeping  the  pile  plumb.  The  piles 
were  not  ringed.  Hence  we  may  say  that  In  so  far  as  the  actual 
time  of  driving  four  piles  was  concerned,  only  g  minutes  w«re  thus 
consumed  per  bent  at  the  most.  About  4  or  5  minutes  ware  re- 
quired to  get  each  pile  Into  the  leaders,  thus  coDsumlng  some  It 
minutes  per  bent 

Tabulating  tbe  time  consumed  in  pertonnlng  each  detail  we  hare: 

(1)  Getting  4  piles  Into  leaders 

(II  Driving   4    piles a 

(3)  Straightening   and   bracing   tbe   piles IT 

(4)  Leveling  and  nailing  guide  strips  for  sawing  off. .  It 

<6)  Sawins  off   4    piles II 

H)  Putting  on  cap  and  drift  bolting  it IS 

(T)  Pulling  3  Btringeri  forward  from  last  bent 11 

(8)  Putting  in  2  more  stringers  that  overhang 10 

<9)  Putting  in  1  tie  and  spiking  rail 4 

Total  time  on  one  bent IIG 

Item  C4)  was  unnecessarily  long,  due  to  the  halr-spUtUog  methods 
of  the  Y-level  man,  who  was  giving  tbe  cut-Off.  Bven  ftftar  tbe 
cleats  to  guide  the  saws  were  tialled  on,  he  bad  than  lowered  li-ln. 
Items  (S)  and  (E)  may  frequently  be  reduced  very  materially. 
and  always  would  be  on  contract  work,  but  on  work  done  for  a 
railroad  company,  as  this  was,  the  end  of  ths  10-hr.  day  will  find 
only  4  to  8  bent!  built  under  the  conditions  here  given.  If,  how- 
ever, we  assume  a  bent  of  four  piles  built  in  100  minute^  we  see 
that  only  8  minutes  of  that  time  will  be  consumed  In  actual  driving. 
In  other  words,  only  three-quarters  of  an  hour  out  of  the  10  hn.  \a 
■pent  In  hammering  the  pile.  This  will  doubtless  be  surprising  to 
many  engineers^  and  particularly  to  those  who  have  been  ii 
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br  tli«  q>eed  of  the  KuniTtb  auam  hanunera.  TJDder  a  hurtlinK, 
wideawake  cODtractor,  the  writer  baa  wen  10  beatm  driven  and 
oomiileted  Id  a,  day  with  a  frictlon-clutch  driver ;  Init  even  under 
Mch  conditions  the  htunmer  wan  actually  at  work  driving  less  than 

It  seemfl  quite  clear  from  the  fore^biK  diacuaalon,  that  main- 
t«Dance-o(-way  enxineera  ghould  look  cot  to  ImprovementB  In  the 
form  of  hammer  mechanism,  hut  rather  to  Improvementa  In  the 
mechanism  and  methods  of  handling  the  plies,  caps.  HtrliiKers,  etc 
Very  much  caji  be  accomplished  In  this  respect  br  having-  a  well- 
organlied  force  with  a  clear-headed  foreman  at  its  head.  In  the 
example  Just  cited  the  Item  of  atralEhUnlng  piles  was  exceedingly 
expensive  In  time,  In  that  It  consumed  nearly  half  an  hour.  This 
was  lar^y  duo  to  the  fact  that  the  foreman  did  not  appreciate  the 
Importance  Of  sawing  the  pile  heads  etjuare.  He  simply  put  the  piles 
Into  the  leaders  with  the  heads  rough  sawed  as  they  came  from  the 
forest.  In  one  case  the  pile  had  a  large  prong  of  splintered  wood 
pro}ecUng  above  the  partly  sawed  head.  Haste  never  makes  more 
waste  than  Ln  neglecting  to  square  the  pile  heads,  and  guide  the  pile 
properly  while  driving  It. 

Id  thla  partlctilar  Instance,  since  the  driving  was  across  dry  land, 
the  foreman  should  have  secured  a  team  with  which  to  "snake" 
piles  and  timbers  up  alongside  of  or  directly  In  front  of  the  driver. 
Then  the  pile  rape  or  "runner"  could  have  t>een  quickly  hooked  on 
to  a  chain  already  fastened  around  the  pile  or  timber  to  be  moved. 
With  a  saving  of  E0%  In  the  time  spent  In  getting  materia)  to  placa 
It  does  not  pay  to  niake  a  team  out  of  a  pile  driver  and  a  gsog  of 

Instead  of  spending  13  minutes  getting  a  cap  to  place  and  drltt- 
tHdtlng  It,  not  more  than  S  or  T  minutes  need  have  been  so  con- 
sumed. Two  men  can  crose-cut  a  pile  In  4  of  5  minutes,  hence  with 
(right  men  on  four  saws.  Item  (G>  can  be  reduced  at  least  one-half. 
Running  around  looking  for  saws,  mauls,  drift  bolts,  etc..  Is  one  of 
the  greatest  causes  of  delay.  For  this  reason  there  should  be  a  man 
whose  duty  It  Is  to  bring  tools  and  put  them  away  Immediately  after 
tbey  have  served  their  purpose.  The  two  leader  men  on  the  driver 
might  well  attend  to  the  tools. 

We  see,  by  thla  method  of  timing  why  the  Nasmyth  steam  ham- 
mer has  failed  to  displace  the  frictlon-clutch  hammer  on  trestle 
work,  and  we  see  that  If  any  Improvement  la  desirable  In  driver 
design  It  Is  not  In  the  hammer  mechanism,  but  rather  In  the  means 
of  mechanically  handling  the  timbers.  Finally  we  see  that  organ- 
isation of  the  force  Is  gulte  as  essential  as  Improvement  In  mechan- 
Icm,  while  It  possesses  the  decided  advantage  of  costing  nothing 
except  what  may  be  paid  for  a  better  quality  of  brain  work. 

Trota  this  discussion  It  should  not  be  Inferred  that  the  steam 
hammer  has  no  fleld  of  usefulness  for  It  has.  Its  Held,  however, 
!■  Id  scow  or  land  driving,  where  a  great  number  of  foundation  piles 
■ra  to  be  driven  close  together,  and  especially  where  a  great  num- 
ber of  blows  must  be  struck  to  secure  the  desired  pile  penetration. 
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Com  of  Making  Pllaa.— Two  men  can  cut  down  and  trim  IT  oak 
pltea  per  day.  each  pile  belns  SO  ft  iang.  Where  the  man  an  paid 
fl.TS  per  10  hre.,  the  labor  cost  of  making  the  pile*  la  practtcaUr 
1  cL  per  Iln.  ft  To  this  rauet  t>«  added  the  coat  of  bauUng  and 
trel^t  to  the  place  where  the  piles  are  to  be  driven. 

For  wel^t  of  piles,  see  the  tore  part  ot  this  section. 

LIfs  of  Pile  DHvar  Rope.— Mr.  Georfe  J.  Bishop  kept  some  rec- 
ords of  pile  drirlnc  on  the  C.  K.  I.  *  P.  I^.  In  189T,  to  detarmlue 
the  life  of  manllla  rope.  The  drum  of  the  friction  pile  driver  engine 
was  14  Ina  dlom..  also  the  sheave  at  the  top  of  the  leads,  and  tlie 
sheave  at  the  front  of  the  plla  driver  was  20  Ina  The  hamme- 
welshed  t.OOO  Iba  The  rope  waa  of  three  different  makes,  all  1^ 
Ina  d!am.  Common  manlllB  S-plr  rope  made  the  best  showlnK.  The 
length  ot  rope  was  12E  ft  and  Its  weight  ranged  from  T4  lo  IS  Iba. 
averaging  SG  lbs.,  or  nearly  O.T  lb.  per  ft.  The  price  of  the  rope 
was  en  cts.  per  lb.  or  tE.ES  per  average  rope.  Ten  ropes  w«re 
used  up  In  driving  1,S3G  piles  to  an  average  penetmUon  of  10  ft. 
Hence  each  rope  averaged  US  plies,  or  a  cost  ot  t  eta  per  pile  for 
rope.  However,  S  of  the  ropes  averaged  onl7  101  pilea  each,  and 
G  averaged  IStl  piles  each. 

Cost  of  Driving  Pllet  With  ■  Horse  DrIvtr. — Thla  work  con- 
slated  In  driving  219  piles,  i  ft  centfTH,  to  form  the  protecUng 
toe  of  a  alope-wall.  The  hajnmer  weighed  2,000  Iba,  and  Was  lalsed 
With  block  and  tackle  b;  boTSes,  Two  teams  were  used  altsmatelr. 
As  soon  as  the  hsmmar  was  tripped,  two  men  pulled  betck  the  ham- 
mer rope  hand  over  hand,  and  hooked  It  on  to  the  second  team  while 
the  other  team  was  returning.  In  this  war  the  blows  were  deliv- 
ered almost  twice  as  rapldir  as  when  one  team  only  Is  used.  The 
driver  was  supported  on  wooden  rollers  sheathed  With  Iron  and  pro- 
vided vrltb  Bocketa  Into  which  bars  could  be  inaerted  for  turning  the 
roUera  The  rollers  rested  on  planks  laid  on  the  ground  which  was 
comparatively  level  and  required  no  staying  or  grading  to  secure  a 
level  runway  for  the  driver.  Pine  piles,  IE  ft  long,  were  driven 
la  a  «Uf[  clay  to  a  depth  of  13  tL 

The  average  number  of  piles  driven  per  10-hr,  day  was  11,  but 
the  best  day's  record  was  30.    The  cost  was  aa  follows  per  day: 
B  laborora  at  11.60 t  7.B0 

1  foreman,    who    worked I.EO 

2  teams  and  drlvera  at  13.00 (.00 

Bent    ot    driver t.W 

Total,  for  21  plle^  at  85  eta |18.0< 

The  piles  cost  10  eta  per  ft.  delivered;  and  the  contnct  price 
was  24  ct&  per  ft.  delivered  and  driven. 

On  another  contract  under  my  direction,  where  piles  were  spaced 
10  ft.  centers  and  driven  11  ft.  Into  gravel  along  the  sloping  bank 
of  a  river,  It  was  necessary  to  do  more  or  less  grading  and  block- 
ing up  to  secure  a  level  runway  for  the  pile  driver.  Four  men  and  a 
pair  of  horses  averaged  only  S  piles  per  10-hr.  day,  making  the  cost 
about  ft. 50  per  pile  for  the  labor  of  driving.  This  gang  was  too 
small,  and  worked  deliberately. 
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Coat  of  Driving  Foundation  PIka  for  ■  Building. — On  thifl  work, 
Which  consisted  in  driving  long  pDM  for  the  foundation  of  a,  bulIdlnK 
In  Jeriey  Ctty,  a  pile  driver  mountea  on  rollers  was  used.  Th«  lead- 
era  wore  (0  It.  long:,  and  provided  with  two  head  sheaves,  one  for 
the  hammer  rope  and  one  for  the  rope  used  In  hauling  and  raising 
the  pllea.  The  hammer  weighed  1,100  lbs. ;  and  the  engine  was  a 
double-drum  friction-clutch.  The  plies  were  of  vruce  Et  ft  long, 
mnd  were  driven  their  full  length  In  soft  cIe^.  For  the  first  ID  ft 
the  pIleB  were  driven  without  ringing.  When  the  pile  head 
reached  the  bottom  of  the  leaders,  a  short  wooden  follower  was  used 
tor  the  last  10  to  ze  blows.  The  pile  ring  was  then  pulled  off  the 
pile  by  a  short  Iron  peavy  lifted  by  the  pile  rope.  The  piles  were 
■tacked  up  In  the  atreet  about  100  ft  away  from  the  driver,  and 
were  "snaked  ov^r,"  when  wanted ;  the  pile  rope  being  used  for  the 
purpose.  For  the  first  few  blows  the  hammer  had  a  (all  of  only 
G  ft,  and  about  2E  blows  per  roln.  were  delivered.  But  after  that 
the  fall  of  the  hammer  was  la  ft.,  and  about  18  blows  per  inln.  were 
delivered.  It  required  about  110  blows  to  drive  a  pile  its  tuU  GO  ft. 
The  time  required  to  drive  one  pile  was  aa  (ollows : 

Mlnutea. 

Rooking  on  dragging  pile  to  driver E 

Hoisting  pile  and  getting  It  In  place 3 

Hammering  pile  8 

Putting  ring  on  pile 1 

Placing  follower  on  pile U 

RemovlnK   follower    from   Pile I 

Removing  ring  from  pile U 

Shifting  pile  driver  3  ft. 1 

Total  time  per  pile IT 

It  will  be  obB«-ved  that  the  hammer  was  actually  engaged  In  ham- 
mertng  not  much  more  than  one-third  of  the  total  time.  Whui 
everything  vras  working  smoothly  36  piles  were  driven  In  10  bra., 
but  the  output  frequently  fell  below  30  piles  In  a  day,  due  to  sundry 
alight  delays  and  accldenta 
Tht  coat  of  operating  the  driver  was  as  follow*: 

I  englneman     I  800 

1  man  up  the  ladder l.BO 

f  men  handling  and  guiding  pile 6.00 

1  man    sharpening  piles 1-EO 

1  foreman  handling  pile  rope,  etc 4.00 

H   ton  coal,  at  (8 3.00 

Total  per  day  for  labor  and  fuel tlS.OO 

Bent   of   pile   driver S.OO 

Total  at  00  to  70  eta  per  pile 131.00 

This  doea  not  Include  coat  of  delivering  and  removing  the  pllq 

The  Construction  and  Cost  of  a  Small  Pile  Driver.* — Frequently 
a.  pile  trestle  must  be  built,  and  the  numt»er  of  pllea  to  be  driven  may 
not  warrant  buying,  or  even  hiring,  a  pile  driver  of  ordinary  slse. 

^Bng^ttBTing-ContTaettng,  January,  1908. 
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^n  ■uet^'CaMR  «:  fVii  driver. niBf  be  built  at  a  nominal  eott,  and  It 
Will  dp.  veiy  effective  work  wb^  the  piles  are  to  be  driven  to  & 
moderaM  depUi.  .Sucb  a  driver  iPig.  G)  wae  built  by  tbe  inpnaglng 
«ditor  of  tUe  Journal  some  years  obo,  and  a  deacriptlon  of  It  will 

~  Tbe  "leada,"  or  "sins,"  that  Kulded  the  hammer  were  made  of  4<lii. 
z  C-ln.  sticks,  SO  ft.  loDK'  Tbe  hammer  was  of  oaat  Iron  and 
weighed  only  1,200  lbs.  The  rope  that  raised  tbe  hammer  was  l-ln. 
Manilla.  One  end  of  this  hammer  rope  was  fastened  to  tbe  'Up- 
pers" tliat  clutched  tbe  tugs  on  the  hammer.    The  other  end  of  tbB 
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Tig.  S. — Small  Pile  Driver. 

Tope  passed  through  a  pulley  and  around  a  wooden  dram  It  In*. 
In  diameter.  At  one  end  of  this  wooden  drum  was  faitesed  a 
wooden  "bull  wheel."  00  ins.  In  diameter.  Another  rope  was  wound 
around  this  "bull  wheel,"  and  a  horse  was  hitched  to  the  rope.  The 
horse  easily  raised  the  hammer  to  the  top  of  the  "leads."  where  the 
*^lpperB"  were  eutamatlcaJly  tripped,  allowing  the  hammer  to  falL 
The  reader  will  note  that  only  one  pulley  block  was  used.  The  am 
of  a  drum  and  "bull  wheel"  made  It  unnecessary  to  get  any  more 
blocks,  and  thus  reduced  the  flrst  cost ;  but.  what  Is  even  more  Im- 
portant, a  "bull  wheel"  and  drum  does  not  consume  the  power  of  tM 
horae  In  friction  to  any  such  degree  as  Is  tbe  case  where  pulloj  - 
blocks  are  used. 
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The  btU  of  lumber  tor  tbe  drtrer  la  as  foUowa; 

nece.   In.     In.   ft.  FU  B.  U. 

1 —  4x    SzSOdeadH)      130 

1 —  (  X   8  z   4  (cross-piece)     It 

-      t—  e  X   S  z  le  (base)     >6 

I—  I  X   4  I  32  (ladder)    4) 

Z —  2x4x2  (I&dder  runes)    34 

Z —  4  I    4x26  (sway  braces)    14 

1~  2  X    4  X  20  (long   front    sill) 13 

1—  2  I    4  X  H  (short   rear   sill) S 

1— 13x12  X    4  (dram)      48 

30 —  1  X  1!  X    E  (bull    wheel)      180 


About  24  bolts,  K  X  8  Ins.,  were  used,  and  a  few  pounds  of  nails. 
The  wooden  dmni  and  "bull  wheel"  required  more  time  to  make  than 
all  the  rest  of  Che  driver.  The  drum  was  shaped  out  of  a,  12-ln.  x 
13-Id.  Stick,  but  was  left  square  where  the  "bull  wheel"  was  to  be 
fastened  on.  At  each  end  of  the  wooden  drum,  a  wooden  axle,  4 
Idh.  In  diameter  and  t  Ina.  long,  was  cut  out :  and  these  axles  were 
fltted  to  wooden  bearing  blocks,  and  were  well  daubed  with  axis 
p-ease.  The  wooden  "bull  wheel"  was  made  of  live  layers  of  1  In. 
by  12  In.  planks  spiked  together ;  one  layer  running  one  way,  tl.e 
next  layer  In  the  opposite  direction.  First,  three  of  these  layers 
ware  spiked  together,  and  a.  B-fL  circle  was  marked  on  them.  Then 
With  a  key-hole  saw  the  5-ft.  wheel  was  cut  out  On  each  side  ot 
this  wheel  was  spiked  another  layer  of  plank  and  nawed  to  a  circle 
fi  ft'  8  ina  diameter.  These  two  layers  formed  the  rims  Of  the 
"bull  Wheel"  and  kept  the  "bull  rope"   from  slipping  off. 

Two  carpenters  and  two  laborers  built  this  driver  In  two  days,  at 
&  coat  of  tl8  for  labor.  The  total  caat  was: 

700  ft.  B.  M.,  at  »20 t  14.00 

Bolts   and    nails 2.00 

I^bor    18,00 

1.200'Ib.  pile  hammer (0.00 

1  pair  nippers   B.OO 

1   snatch  block   8.00 

240  ft.    of   1-ln.   rope 10.00 

Total    8102.00 

Th«  driver  weighed  1^  tons,  ezcluatve  of  the  hammer,  and  was 
eaally  loaded  on  a  wagtm. 

The  cost  of  driving  piles  with  It  Is  given  In  the  following  para- 
BTsph. 

Coat  of  Drlvlnn  Piles  for  Wagon  Road  Trestles. — It  was  neces- 
sary to  drive  piles  for  a  number  of  wagon  road  trestles  across 
rsvinea.  which  were  often  separated  by  several  miles.  A  light  pile 
driver  that  could  readily  be  moved  from  place  to  place  was  built, 
AS  described  on  page  1000. 

PQea  were  driven  In  bents  of  three  piles  each,  bents  10  ft.  apart. 
Zn  fairly  hard  ground  the  piles  were  driven  only  5  or  6  ft.  deep. 
Dua  to  the  Irr^ularity  of  the  ground,  tn  nearly  all  cases  It  was 
necessary  to  build  a  light  scaffolding  on  which  to  run  the  driver 
BCToas  each  creek.     This  KafToIdlng  was  made  of  sticks  cut  from 
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the  foreK  alongilde,  and  cost  nothlns  except  for  labor,  which  !• 
Included  in  the  coat  of  tl  given  below.  The  roung  contiactor  would 
be  opt  to  overlook  CIiIb  Item  of  ocaltoldlnK,  but  It  itiould  always  be 
remembered  that  4  drtver  of  thle  kind  tnuit  have  a  level  runway 
on  which  to  work,  and,  If  the  ground  Is  Irregular,  It  must  either  be 
BTaded  or  scaffolding  put  up.     Usually  scaftolding  is  chesjter  than 

The  crew  conaleted  of  4  men  and  1  hors&  It  would  take  thun 
about  i  days  to  move  the  driver  4  miles  over  poor  roads,  and  erect 
a  stagtng  upon  which  to  drive  a  seven-bent  trestle.  Then  they  would 
average  10  piles  driven  per  10-hr.  day.  The  cost  of  actual  driving 
was  about  \l  per  pile.  wHues  being  (10  a  day  for  the  crew;  to 
which  must  he  added  Hnother  |1  per  pile  tor  lost  time  movlnE 
driver  from  one  trestle  to  the  next  and  building  staglaf.  This  WM 
the  average  cost  on  six  trestles,  84  plies  being  driven. 

Cedar  plies  were  largely  used  (or  this  work,  as  the  driving  was 
light,  and  as  the  durability  of  cedar  Is  greater  than  other  woods. 
After  driving  the  piles,  2  men  would  saw  off  the  heads  of  18  pitea 
In  S  hrs.,  at  6  cts.  per  pile.  These  piles  averaged  20  ft.  In  langlh. 
and  with  ajcmen  at  f  2  a  day  each,  they  were  cut  down  and  trimmed 
for  2G  cts.  a  pile,  and  hauled  3  miles  over  rough  roads  for  GO  cts. 
more  per  pile. 

I  found  It  economic  to  sublet  the  pile  driving  to  a  reliable  car* 
penter  who  would  work  with  his  gang  of  three  men,  and  earn  good 
wages  for  himself  and  crew  If  paid  %i  for  driving  each  pite  tnclnd- 
Ing  all  moving  and  building  of  staging.  The  work  Just  described 
was  done  In  this  way.  Work  handled  thus  generally  Insures  activ- 
ity on  the  part  of  small  gangs  of  men  and  reduces  the  charges  tor 
superintendence  to  s  very  small  percentage. 

Colt  of  Driving  Pile*  for  Trestle  Ranvwal*.*— Mr.  G.  H.  Herrold  Is 
author  of  the  following  work  done  on  the  Chicago  Great  Weatetn 
Ry.  In  Minnesota. 

I  have  complied  the  following  statement  [the  complete  tabulation 
of  each  day's  work  la  given  in  Bnghi^ennff-CoHtractiHff,  but  not 
reprinted  here]  from  dally  reports  of  the  performance  of  pile  driver 
working  on  pile  bridge  renewal*  during  the  ItOS  season,  to  ibow 
the  nimiber  «f  piles  driven  each  day  and  the  labor  cost  per  pile,  the 
total  labor  cost  per  day,  the  delays  and  the  average  labor  cost  per 
pile  for  the  aeaaon's  work. 

I  have  done  this  to  show  the  great  variation  In  the  cost  per  pQc^ 
comparing  one  day's  work  with  another,  and  yet  the  relative  low 
average  cost  of  the  total  work  done,  aud.  to  determine  a  bosU  ter 
estimating  more  closely  the  cost  of  pile  renewaja 

A  8,000  lb.  drop  hammer  was  used ;  26  bridges  were  opened,  the 
work  on  each  bridge  varying  from  complete  renewal  to  one  bent 
renewal.  Driver  was  supplied  with  piling  by  making  shlpmenti^  by 
bridges,  as  tar  as  possible,  and  one  car  load  of  assorted  lengths  as 
extras,  was  kept  In  work  train, 

'Sneineerlng-ContracUng,  Mar.   ti,   lOOfl, 
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Tlu««  bundred  aod  ninety-one  pilea  were  driven  Id  33  10-hr.  work- 
Ing  d&ys,  or  an  average  of  li.i  pUea  per  day,  the  maximum  co«t  per 
pile  for  any  day  was  tl0.5T,  and  the  minimum  coat  was  fl.Sg,  The 
OOM  per  pile  Cor  the  ■eaaon  waa  tS.gg.  The  piles  varied  In  lengths 
from  SO  ft-  to  40  ft.  and  were  driven  9  to  21  ft  In  the  ground. 
The  averam  dally  expenae  was  as  follows: 

Per  day. 

Pile  driver  crew,  wagea IZl.DO 

Work  train,  wages 14.SD 

Total,   12.2  piles,  at  f2.S8 $35.50 

In  the  32  days'  work.  BO  hra  were  lost  by  delays  due  to  tralBc, 
etc..  or  about  25%  of  the  working  time. 

The  character  of  the  driving  varied  from  shell  rock  (requlilng 
cast  shoes)  quick  sand,  and  Indurated  clar  to  perfect  material. 

The  train  crew  condsted  of  engineer,  fireman,  conductor,  and 
brakemen. 

The  pile  driver  crew  consisted  of  a  foreman,  engineer,  fireman 
and  eigbt  men. 

Tb«  men  were  cared  for  In  boarding  cars  which  were  eelf-sup* 


The  followlnc  Is  a  type  of  the  dally  performance  report: 

David,  Sept.  26,  1905. 
Division  Engineer. 

Throve  le  piles  Br.  A18S  and  transferred  plllns  In  KCAUB  690 
to  a  local  Oat.  Worked  10  men,  expense  t!1.4g.  Delayed  2  hrs.. 
40  mina,  as  follows :  40  min.  by  No.  2T4  ;  60  mln.  running  tor  water ; 
to  mln.  by  No.  201 :  40  mln.  by  No.  204.  Will  finish  A1S8  to-mor- 
row, want  ordera 

Pile  Driver  Foreman. 

Cost  of  OrlvinB  Pl>«>  for  •  Trestle,  N.  P.  Ry^Mr,  E.  H.  Beckler 
(Ives  tlie  foUoTflng  data  on  driving  piles  for  a  railway  trestle  and 
three  truss  bridges  on  the  N.  P.  Ry.,  at  Duiuth,  Minn.,  by  contract 
Id  18S4.  The  Work  was  all  done  in  the  winter,  and  about  i,S40  piles 
were  driven,  of  which  400  were  In  foundations.  The  trestle  was 
CODO  fL  long.  A  pile  driver,  having  leaders  OS  ft  long,  and  a  2,01)0- 
Ib.  hammer,  was  used.  The  piles  were  of  Norway  and  while  pine, 
the  average  lv>gth  being  51  ft.  Prom  60  to  160  blows  were  struck 
on  each  pile.  With  a  l:0-tt  fall  the  hammer  struck  T  blows  per 
inln.  The  penetration  was  10  to  42  ft.  The  average  cut-off  was  G  ft. 
for  the  trestle  pIlea  The  pile  driven  engine  was  mounted  on  the 
driver  platform  to  give  stability  and  for  ease  of  moving.  A  900-lb. 
follower  was  used  In  driving  some  of  the  piles,  but  It  was  found  to 
reduce  the  penetration  of  each  blow  about  20%,  and  It  did  DOt  save 
the  beads  of  the  piles  from  more  or  leas  shattering. 

Some  plies  were  driven  butt  down,  but  It  added  2E%  to  the  cost 
of  driving;  and  It  was  believed  that  the  small  end.  being  exposed 
would  decay  faster  than  the  butt  end.      Moreover,  the  area  of  the 
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tmtS  «nd  was  w  amaJl  that  th«  pile  would  not  atand  beavr  drivlns 
without  BhalterlnK. 

The  cost  of  operating  one  pile  driver  wa*  about  flS  a  dar  and 
from  Dec  11  to  Max.  S  the  record  of  its  work  was  ob  follow>: 

102  pilea  (SS  (t  lonK).  19-1  pUee  per  day t2.SE 

131  piles  (44  ft.  long),  23.3  piles  per  day 1.E5 

364  piles  (60  ft.  long),  25.1  piles  per  day l.GO 

STB  piles  (Bl  ft.  Ions).  l^-S  piles  per  day 1.9E 

Tt  piles  (SG  tt  long),  23.G  pUea  par  day l.SG 

These  costs  represent  the  cost  to  the  contractor. 

As  many  as  SO  piles  a  day  for  4  consecutive  days  wer«  driven. 
The  average  cost  at  driving  thesa  I.IES  piles,  It  will  be  aeea,  was 
nearly  fl.7G  per  pile. 

The  driving  was  done  after  the  Ice  had  formed  In  the  bay,  and 
the  pile  driver  was  supported  by  the  lea  during  driving. 

The  soil  was  T  ft  of  clar  under  which  was  sand.  Before  the  work 
was  hegnin,  test  piles  were  driven  from  a  scow  along  the  line  of 
the  trestle  300  ft.  apart  This  enabled  the  engliieers  to  make  out 
an  accurate  bill  of  pile  timber  for  the  work. 

It  was  found  that  Norway  pine  piles  stood  the  driving  In  cold 
weather  (as  low  as  — 15°  F.)  much  better  than  white  pine;  for. 
when  wood  freezei^  It  is  brlttla 

The  test  plies  were  nearly  all  brolcen  oft  several  feet  below  the 
ground  level,  by  the  side  thrust  of  the  Ice  that  formed  to  a  thickness 
of  4  ft.  after  the  piles  were  driven.  Three  teat  Dllee  were  pulled  up 
by  the  ice.  although  they  had  been  driven  40  ft  Into  mud.  The 
combined  strength  of  four  piles  In  a  bent  was  required  to  resist  the 
lateral  thrust  of  ice  pushed  by  the  wind.  The  Ice  was  unable 
to  lift  the  plies  once  the  trestle  was  United. 

Cost  of  Pile  Driving,  O.  A  fit  L.  Ry. — Mr.  A.  B.  Buchaonan  gives 
the  following  data  of  work  done,  Oct.  32  to  Dec  IT,  1SB9,  on  the 
Omaha  A  St.  Iiouls  Ry.,  by  company  labor.  There  were  4t  days 
worked,  the  actual  working  time  being  t  hrs.  GS  mlns.  per  dv. 
The  railway  driver  drove  1,ZS7  piles  In  these  tlS  hrs.  of  wblch  tbn« 
14  hrs.  were  lost  In  loweringr  the  leads  S44  times,  or  fA  mlna  eat^ 
time.  The  average  time  to  drive  a.  plle^  It  will  be  seen,  was  IS  mlns. 
l%e  average  depth  driven  was  14  ft  The  work  was  on  41  dllTerent 
trestles,  each  averaslng  101  ft.  long.  Wages  were  (3.40  for  engine^ 
men.  ll.OO  for  flreman,  and  fl.GO  to  tl.Tt  for  laborers.  The  cost  of 
the  4S  day^  work  was: 

Wages Il,«g4 

Fuel,   etc sat 

Total,  1.217  piles,  at  tl.G4 tl.»4< 

The  poorest  day's  work  was  11  piles ;  the  best  44  piles ;  the  w.'vtr- 

age,  SS  pilea 

Cost  or  Pile  Driving,  C.  A  E.  I.  Ry.— Hr.  A.  S.  Markley  gives  the 

following  data  relative  to  the  cost  of  driving  438  plies  on  II  Jotiu, 
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awacbiK  3T  pllei  on  each  job.  The  nork  waa  done  In  1902  for 
the  C.  A  "E.  I.  Ry.,  uBlnK  a.  «elf-propelllnK  railway  pile  driver  m&de 
bjr  the  InduHtrlal  Works,  Bay  CHy,  Mich.  No  locomotive  waa  re- 
quired aa  the  driver  could  mo  at  a  apeed  of  10  miles  an  hour  and 
pull  G  cars  on  a  level  road.  The  leads  were  47  ft  long ;  the  ham- 
mer, 2,900  lbs. ;  the  holstlns  rope,  2-ln. ;  and  the  engloe  30-hp,, 
double  cylinder.  The  leads  could  be  raised  In  2  mlns.  The  eoglite- 
man  received  fS.SO  a  day;  the  flreman,  tl.SO;  the  rut  of  the  men 
wer«  Ia.borer>;  except  the  foreman.  The  avenwe  cost  of  driving 
•acb  pile  was  7G  cts. :  and  each  pile  averaged  24  (t.  long;  although 
the  ranice  was  bom  14  to  42  fi- 

Tba  necord  for  Rapid  Driving  on  tha  O.  A  M.  R.  R— As  lUua- 
trstlng  what  can  be  done  under  favorable  conditions  where  men  are 
rushing  tbelT  work,  a  record  given  by  Mr.  L.  C.  Fitch.  Sngbieer  of 
Malntenance-of-Way.  Ohio  &  Hlsa.  R  H.,  Is  Interesting.  A  pile 
driver  crew  drove  28  piles  (7  bents  of  4  piles  each)  In  3  hra.,  at  a 
ooat  of  30  ctB.  per  pile.  The  plies  averagBd  21  ft.  long  and  were 
driven  16  fL  Into  the  ground. 

Coat  of  •  Pfia  Trestle,  Shsst  Piles,  Etc— Mr.  Henry  H.  Carter 
gives  the  following  costs  of  building  a  trestle  across  a  pond  In  Mass- 
achusetts. The  work  was  done  by  contract,  occupying  five  months, 
beginning  November,  1S8S,  and  ending  April  S.  1B84.  The  piles 
were  driven  In  bents  of  S  piles  to  the  bent  bents  4  ft.  apart,  and 
capped  with  10  x  lO's  SE  ft.  long,  notched  down  (dapped)  2'lns.  on 
each  pile.  On  the  caps  were  laid  four  lines  of  3  x  lO-In.  stringers, 
and  on  these  were  laid  the  ties  for  a  double  track  road  for  con- 
tractor's dump  cara  This  trestle  was  filled  with  gravel,  and  after- 
ward all  bnt  the  two  outer  piles  In  each  bent  were  cut  oft  7  ft.  below 
water  and  used  as  a  foundation  for  a  masonry  conduit.  The  aver- 
age length  of  the  I.TGO  plies  driven  nae  37  ft.,  about  2E%  of  the 
ptles  being  over  46  ft  long.  With  the  hammer  falling  about  12  ft., 
SIB  of  the  piles  penetrated  less  than  1  In.  under  the  last  blow  (very 
bard  driving)  :  9G0  piles  penetrated  1.3  lo  2.7  Ins.  under  the  last 
blow  (hard  driving)  ;  2,016  piles  penetrated  3  to  4  Ina  under  the 
last  blow  (medium  driving)  :  and  14]  piles  penetrated  over  4  Ins. 
under  the  last  blow  (easy  driving).  In  general  the  piles  were 
driven  through  several  feet  of  very  soft  mud  and  1!  ft.  Into  the 
hard  bottom.  The  piles  were  driven  by  two  floating  pile  drivers  sup- 
ported on  a  raft  made  of  timbers  and  empty  oil  barrels  The  cost 
•t  the  work  was  as  follows : 
MatAng  Pile  Driver: 
Foreman,  T  OayB,  at  t3.2G %  tS.TB 

— ^--^j.' !!?"■? 


,    is    days,   at  |I.7B 26.26 

Carpenter,  14  days,  at  f2.!e Sl.GO 

Carpenter,  IS  days,  at  tt.OO 30.00 

^s    124.00 

Floats    tl4.0G 

Total  maUng  driver tG7g.20 

Tbs  cost  of  building  this  driver  It  distributed  over  the  3,fl3S  ptles 
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drtren,  amounta  to  nearly  ie  eta.  p«r  pHe.     Th«  other  eotHm  « 

M   foUona  : 

iModing  and  TTXinntojUng  Piltt: 

Foreman,    9Bi4    day«,   at    *2.00 %  ISS.SO 

laborers.   4«9  day^  at  II.TB 78e.Tt 

Horae,    104K    days,  «t   >1.B0 IGT.ll 

Sleda    LSI 

Total  toBdlng,   Ota    |l,ltS.ST 

Ptl«  Driving: 

Foreman,   82   daya,  at  tS.lS t«8.B0 

Foreman.   ItS^   days,  at  $S.OD tSS.tS 

Foreman,  95  daya  at  12.50 I3T.ES 

Bngineman,  S7  daya  at  »».2S J87.T6 

BnKlnsinBii,   103^   daya  at  tl.GO SGB.TS 

Topman.  ISG  days,  at  fi.OO tSE.OO 

Topman.  17  daya.  at  11.15 t».1S 

Deckhand,  116M  days,  at  t MS ICl.lt 

Deckhand,   25GU    days,   at  tS.OO Gl«.tO 

Deckhand,  2Sa  days,  at  tl -TS tSO.dft 


i.wca.iianu,  <iav  uaj 
lAborer,  SO  daya. 

•-.  177  daj    . 

;  171  days. 


Carpenter,  177  daya.  at  I2.!B t>S.» 

Carpenter,  171  daya.  at  li.OO S41.00 

FrefKht_  on  pile  drlvere   7G.00 


Coal,  it  tona  at  t«.4a tt4.oe 

Use  of  plant.  ISa  daya.  at  tl.SO ITO.OO 

II  H  spruce  bracea,  at  tl4 1G4.00 

S7£  Iba.  apikea  in  bracea,  at  I  eU te.K 

ToolB    110.60 

Total    driving    ..t4,iai.M 

pat*: 
S.«3S  spruce  pEIes  (av.  S7  ft  Mch).  at  11.96.  .t8,!tI.8S 

Grand  toUl    Cexcl.    driver) tl4,011.Bl 

Tlie  loadtDR  and  transportlnK  of  the  a,83g  pllea  cost  fO.ti  per 
pUa  The  driving  coat  tl,3D  per  pile,  tbe  average  nuint>eT  o(  piles 
driven  being  20  per  day.  Tbe  cost  of  each  ptle  averae«d  %t.tt.  The 
total  coat  of  each  pile  driven  was  $4.04.  Including  cost  o(  maklBB 
scow,  Interest  on  driver,  labor,  fuel  and  cost  of  pile.  The  use  ot 
plant  at  tl.GD  a  day  is  too  low  an  estimate  under  ordinary  taa- 
dltlona 

The  cost  of  the  materials  and  labor  for  capi^  stringers  and  tie* 
(there  were  no  sway  braces)  was  as  follows: 
Tratu}iorffit|r  Timber: 

Foreman,  19  days,  at  12.00 1      IS.OO 

Laborer.   SO  days,  at  fl.TG 1GG.7B 

Laborer,  4  daya,  at  tl.BO 1.00 

Horae,    20  days,  at  11.60 30.00 

Bted     1.60 

Total    tranaporting    timber |    SSLtS 

Laior  oa  Cap*  and  Btringar*: 

Foreman,  IS  days,  at  tS.2E I      Et.OQ 

Foreman,  20  days,  at  12.60 Ga.OO 

Carpenter.  10  days,  at  ti.lG IIC.M 

Carpenter,  G8  days,  at  12-00 110.00 

Total  labor  on  caps,  eto. t    SCMO 
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IS  U  Bprnce  boIsterB,  at  flS.EO, . 
1.6  H  aDmce  plank,  at  114.00... 
10,490  lbs.  b<jlt«,  I-  '■■■    — 


Av.vav   IDB.   tnjnn,  a.\   6^   cus..  ■  . iaa.sa 

3.180  Iba.  bolts,  at  3  eta. 114.90 

SB  IbK   spikes,  at  »  eta i.64 

BulldlDK  derricks E.OO 

Tools     28. EO 

Total  labor  and  rotla.  tor  cap*  and  strlnKers.fS.EBS.GT 
Th«  eost  of  transporting  timbers  to  the  trestle  <|S3].iE)  applies 
not  only  to  the  ITS  M  of  caps  and  strlnsers,  but  also  to  S4  H  at  ties 
and  IT  U  or  sheet  piling  and  walea,  maklnK  the  cost  of  transport- 
Ins  practically  tl  per  U.  The  other  labor  Involved  In  placing  the 
caps  and  stringers  (I3E3)  after  delivery,  Is  equivalent  to  |Z  per  M. 
making  a  total  of  13  per  H  (or  the  labor  on  the  caps  and  strlngera 
The  cost  of  placing  the  ties  was  as  fallows  : 
Placing    Tfea: 

Laborer.  4^  days,  at  tl.OD I     4.60 

Laborer,  6  days,  at  |1.60 9.00 

laborer,  Bl%  days,  at  13.0(1 108.60 

Total  placing  ties (117.00 

nsa: 


Total  labor  and  iDtts. t(TI.73 

From  this  It  appears  that  the  cost  of  placing  ties  was  nearly 
tG  per  U  (or  21.3  eta  per  tie)  to  which  must  be  added  H  per  U  for 
loading   and    transporting. 

The  cost  of  sheet  piling  was  as  follows: 
jBhsef  pmng: 

SE.E   M  sheet  piling,  at  |lg.SO I4T4.S0 

l.I  U  spruce  wales,  at  fit. 00 IS. SO 

MS  lbs.  spikes,  at  3  eta t.IB 

Interest  on  pile  driver,   16  days,  at  81.40 23.40 

3  tons  coal,  at   86.40 19.10 

Foreman,    16    days,    at   83. £E G2.00 

Bnglneman,  16  days,  at  86.25 ES.OO 

Topman,   16  days,  at   82.00 82,00 

Deckhand.   16  days,  at  83.00 32.00 

'^-■-'---'    '"",   days,  at  »1.T6 Tl.Sl 

Ws,   at  82,00 14.00 


js'L 


Total  sheet  piling f844.E6 

The  cost  of  driving  the  35,5  M  and  placing  the  1,2  If  was  nearly 
tlS  per  IC.  This  sheet  piling  was  4-ln.  tongued  and  grooved,  driven 
(or  two  CTitverts. 

The  cost  of  sawfog,  dapping  (notched  9  Ina)  and  fitting  380  caps 
for  380  pile  bents  of  6  piles  to  the  bent  was  as  follows :  Cost  to  saw 
off  piles,  and  fit  caps.  82, 9B  per  c^>.  or  82  per  H  (for  each  cap 
was  ID  X  ID  Ina  z  18  fL),  The  piles  were  sawed  off  at  the  bottom 
of  a  wet  trench,  end  It  cost  90  cts.  per  I>ent  to  saw  away  the  earth. 
Csrpentera  received  83.G0,  laborers  |I.2B,  and  foreman  83.EO  a  day. 
The  gang  consisted  oC  I  foreman,  3  latwrers  and  4  carpenters. 
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These  caps  were  covered  with  a.  platform  of  4-lli.  qnnca  plank 
run  lenKthnlBe  of  the  trench,  laid  to  break  Jolat.  and  Q>iked  to  the 
capa  with  S'ln.  cut  Bplkes.  This  platform  was  laid  with  a  force 
□I  1  foremaji,  at  tS.GO  ;  S  laborer*,  at  II, GO,  and  I  carpenter,  at 
tS.BD.  The  cost  of  laying  BOO  M  Was  tT-tO  per  U.  The  contrac- 
tor doing  thlB  work  failed. 

Co«t  of  a  Pile  Docking — This  work  consisted  In  diivlng  a  row 
of  oak  piles,  2G  ft.  longr  and  E  ft.  center*,  to  on  aTerage  depth  of 
10  ft.  Into  gravel.  The  pilea  were  sheeted  on  the  rear  with  l-ln. 
oak  plank  laid  horizontally  and  breaklns  Jolnta  A  waling  piece, 
of  10  x  12-ln.  oak,  waa  bolted  along  the  front  face  of  this  docking, 
and  anchored  back  to  stone  deadnien.  The  anchor  rods  Were  IK- 
In.,  spaced  10  ft.  apart.  Back  ot  this  docking  an  earth  fill  was 
placed,  but  the  following  costs  relate  only  to  the  timber  work. 
A  pile  driver,  mounted  on  rollers,  and  operated  hy  a  frictlon-chitidi 
engine,  was  used.    The  daily  cost  of  operation  was  as  follows: 

7  men.  at  ll.SO  110.60 

1  foreman    J.OO 

1  pair    of   horses    I.GO 

Rent  of  driver  and  engine t.OO 

M  ton  coal,  at  14 1.0« 

Total.  10  pHes  driven,  at  |1.90 110.00 

The  piles  were  ot  oak  and  two  of  the  mem  peeled  and  pointed 
them  and  square-sawed  the  heads.  The  horses  were  used  to  drag 
the  plies  up  to  the  driver.  There  was  some  grading  and  scaffoMlDg 
work  necessary  to  provide  s.  level  runway  (or  the  driver.  The 
foreman  was  not  a  good  manager,  and  the  cost  was  much  higher 
than  It  should  have  been.  On  one  day  when  the  work  was  puriwd 
and  when  conditions  were  favorable,  2B  plies  were  driven. 

The  labor  coat  of  ptaolng  the  sheet  planking  and  wule  piece  was 
tl.SO  per  U,  atwut  80%  of  the  timber  being  the  t-ln.  plonUnC. 
This  work  was  done  by  common  laborers  working  In  palrt^  at  |1.E« 
each  per  10-hr.  day.  The  plies  were  not  always  pluOib'  and  seldoni 
spaced  exactly,  so  that  a  measuring  pole  had  to  be  used  to  fit 
each  plank,  and  every  plank  had  to  be  sawed  separately  b;  the 
men.  Had  the  engineer  so  designed  the  work  that  the  planks  canM 
have  been  set  on  end,  like  sheet  piling,  all  this  fitting  and  sawing 
of  Individual  planks  could  have  been  avoided,  with  consequent  re- 
duction in  the  cost.  Moreover  there  would  have  been  less  wast- 
age of  plank.  Such  a  design  would  have  necessllated  two  more 
smatl-BlEed  wale  pieces,  but  It  would  have  made  easy  the  removal 
of  any  single  plank  at  any  time  for  repairs  due  to  rotting.  In  bor- 
ing the  oak  wale  pieces  and  plies  with  a  1%-Ia  ship  augsr.  a  man 
would  bore  13  ina  In  G  mlna  It  took  E  mins  for  two  men  to  cot 
off  a  10  X  I!-ln.   oak  stick  using  a  crosscut  saw. 

Tt  may  be  welt  to  note  that  the  plans  called  for  th«  driving  ot 
3  X  8-!n.  oak  sheet  piling  to  a  depth  of  B  ft.  by  hand,  using  wooden 
mauls.  Tt  was  found  ImpoiHihIe  to  drive  these  planks  more  than 
2  ft.  into  the  gravel  without  battering  the  heads  to  plecea. 


PILING.  TRESTLING.  TIMBERWORK.  1009 

D«1a  on  Driving  Plumb  anif  Sattsr  PIIm,  Naw  York  Oocha.— Hr. 
Charles  W.  Raymond  glveg  the  rollowIiiE  data  on  the  driving  of 
pilea  for  docks,  Hudson  River,  New  York  City,  prior  to  1880:  Piles 
were  driven  with  a.  scow  pile  driver,  the  scow  being  3  x  10  x  42  ft. 
provided  Willi  leaders  ED  ft.  long.  The  engine  was  a  10-bp.  frlctlon- 
dutch  hoisting  engine,  with  double  cylinders,  6  x  IZ  Ina  The  boiler 
was  IG  bp.  upright.  A  crew  of  S  men  worked  g  hra.  per  day  tar 
the  city,  and  drove  10  to  IS  piles  per  day.  Tbe  plies  aver- 
aged atKiut  8G  ft.  long,  and  were  driven  ES  to  (0  ft  below 
mean  low  water,  penetrating  about  10  ft.  of  gravel  and  cobbles 
(■-In.  and  less)  that  were  filled  In  over  the  dredged  area  before 
driving.  Then  the  piles  penetrated  about  2E  ft.  of  river  muck, 
maUag  a  total  penetrattoii  of  3G  ft'  There  was  no  dlfflculty  In 
driving  through  the  cobbles  and  gravel  without  brooming  the  piles. 
All  piles  were  sharpened,  and  their  heads  were  sQoared.  To  Indi- 
cate the  kind  of  driving,  two  records  of  SO  piles  show  that  210 
blows  of  tbe  hammer  were  required  to  secure  a  penetration  of  18 
ft,  or  180  blows  to  secure  a  penetration  at  3S  ft.  The  last  foot 
of  penetration  required  IS  to  1*  blows  of  a  S.OOO-lb.  hammer  falling 
.8  ft    (not  freely,   but  with  the  hammer  rope). 

A  special  driver,  with  leaders  Inclined  1  to  !,  was  used  to  drive 
batter  piles,  and  the  average  number  of  piles  driven  per  day  was 
about  half  as  many  as  In  driving  plumb  piles,  or  G  to  7  piles  per  8- 
br.  day.  The  number  of  blows  per  batter  pile  was  somewhat  great- 
er than  per  plumb  pile,  but  by  no  means  enough  greater  to  account 
tor  tbe  slower  driving,  which  was  probably  due  to  dlfllculty  In 
getting  the  batter  pile  properly  started. 

Data  on  Driving  Piles  for  Docks,  New  York — Mr.  Eugene  Len- 
tUhon  state*  that  in  1B9S  the  following  comparative  records  were 
made  with  a  drop  hammer  and  a  Vulcan  steam  hammer ;  The  driv- 
ing was  for  a  dock  on  the  Hudson  River,  New  York  City,  and  was 
Tery  hard  driving,  the  material  being  10  ft.  of  cobbles  underlaid  by 
sand  and  gravel.  The  piles  were  spaced  3  ft  apart,  and  driven 
from  scows.  The  drap-hammer.  friction-clutch  machine  had  a  crew 
of  ID  men.  It  required  ITE  blows  of  a  B,3D0-lb.  hammer  falling  19 
ft  to  drive  a  pile ;  and  IG  blows  were  struck  per  minute,  hence  the 
Actual  time  of  hammering  a  pile  was  about  12  mina  The  piles 
were  GE  to  OC  ft  long  and  penetrated  21  to  28  It  The  cr«W 
averaged  12  plies  per  10-hr.  day. 

As  compared  with  this  crew  of  B  men,  using  a  Tulcan  steam 
hammer,  averaged  18  piles  per  10  hra  The  machine  weighed  8,400 
lbs.,  and  the  striking  piston  wel^ied  4,000  lbs.  and  had  a  drop  of 
tVt  ft-  It  struck  SO  blows  per  minute,  and  some  pile*  rwinlred  as 
many  as  1,200  blows.  Mr.  LentUhon  does  not  make  It  clear  why 
the  steam  hammer  was  more  effective  than  the  drop  hammer.  It 
Is  probable,  however,  that  there  were  fewer  delays  In  strali^teolng 
up  the  pile  during  driving  when  a  steam  hammer  was  used.  He 
states  that  there  were  two  objections  to  the  steam  hammer,  one  of 
which  was  the  frequent  loss  of  tbe  "cap"  or  "saucepan,"  or  "hood," 
by  dro^ng  Into  the  water,  and  the  rapidity  with  which  the  "cap" 
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was  worn  out.  Only  38  pllea  were  driven  with  eacti  cap  before  It 
was  worn  ouL  The  second  objection  was  ihe  Impracticability  of 
tlrlvlng'  croaked   pIIgb. 

Coit  of  Pulling  Pllei,  Orlvlnq  piles  and  Timberwork.*— In  189$ 
the  city  of  New  York  let  a  contract  tor  making  alterations  to  the 
temporary  bridge  over  Ibe  Bronx  Hlver  near  Weatcheater  avenue. 
Bronx  Borough.  The  contract  price  waa  t9E0,  The  work  con- 
sisted of  the  tearing  out  of  the  old  pivot  pier,  cutting  off  one  apan 
o(  the  west  trestle  approach  and  adding  one  span  to  the  eaat  aide. 
Fig.  E  Bhowa  the  extent  of  the  work. 

The  old  pivot  pier  waa  conatructed  of  pllea  driven  to  rock  tbrmuA 
four  or  five  feet  of  hard  material,  probably  dlilntegrated  roi^ 
The  piles  were  Eway  braced,  were  capped  by  1!  In.  x  II  In.  timber 


Fig.  S. 

and  had  a  S  In.  deck  on  top  of  the  capa.  A  fender  rack  about  S( 
ft.  long  was  alBO  removed.  This  rack  consisted  of  piles,  8  ft.  MOter 
and  timber,  a  In.  x  12  In.,  bolted  to  tha  pllea 

The  contractor's  plant  consisted  of  a  pile  driver  and  scow  and 
a  land  driver  operated  from  the  scow.  According  to  the  tenns  of 
the  contract  all  timber  In  good  condition  could  be  uaed  ovn"  again- 
Work  was  begun  June  14.  and  the  weather  waa  favorable  for  good 

The  drat  work  done  waa  the  tearing  out  of  the  old  pile  pivot 
pier  and  the  tender  rack.  In  thia  work  the  scow  pile  driver  was 
uaed  In  pulling  the  pllea,  aliout  4G  plies  being  removed  In  thIa  man- 
ner. Such  ot  these  plies  .is  were  In  good  condition  were  uied  In  the 
new  work.  In  oddltlon  one  epan  of  pile  treatle  was  cut  oft  In  the 
west  trestle  approach,  the  timber  being  sawed  oft  close  to  tb« 
ground.  A  total  of  about  10  U  (L  &.  U.  waa  removed.  ttM  labor 
coat  being  oa  follows: 

'Engineering -Conlracting,  June  13,   190*. 


PIUNG,  TRESTUNG,  TIMBERJVORK.  1011 

Hours.     Sate,  cts.        TotaL 
ForeniBa    4S  46  fSl.tO 


Dock   builders    9t  2TA  2C.40 

Watchmaji   30  IE  4.60 

Total  10  H  ft  at  H.OB 160.90 

It  was  necessary  to  excavate  a  small  amount  of  mud  In  order  to 
allow  the  pile  driver  to  float  In  sufflclenUy  near  the  pivot  plar,  and 
«lso  to  allow  the  placing  of  the  sway  bracing  as  low  as  possible. 
The  depth  of  the  cutting  was  3  ft.  and  about  30  cu.  yds.  ol  material 
was  removed.     The  labor  cost  was  at  follows; 

Houra.    Kate,  eta.        TotaL 

Foreman     4  4B  tl.SO 

B^nglneman    2  35  .TO 

Doflc  builders i  21%  2.30 

Watchman    2  15  .30 

Total,  SO  ou.  yda  at  lfl.«  cts tS.OO 

In  driving  the  piles  Che  scow  pile  driver  and  the  land  driver  were 
used,  the  latter,  however,  was  used  only  In  driving  the  piles  In  the 
bank  bents,  S  piles  being  so  driven.  In  all  83  piles  were  driven. 
The  plies  were  of  spruce,  abont  2E  ft.  long,  and  were  rather  slen- 
der. They  were  driven  UlrouKh  about  G  ft.  of  dlsfntegrated  rock. 
above  which  was  soft  mud,  to  mMd  rock.  It  took  from  20  to  26 
blows  of  the  hammer  to  drive  each  pile.  The  hammer  was  raised 
by  a  friction  hoist,  and  fell  with  hoist  cable  attached. 

The  labor  cost  of  driving  the  piles  Is  shown  In  the  accompany- 
in*  table. 

Labor  Coar  of  Dbivino  tub  Ftucs. 

Coat 

Hours.  Rate,  cts.        Total.  per  pile. 

Foreinan   82  46  t  se.oo  to.44 


Dock  builders   171  27%  4T.03  .67 

Watchman    40  IB  fl.OO  .  .07 

Total    1104.28  fl.26 

I.ABOB  Cost  or  Frauino  and  Fi^acino  Tiubxb. 

Cost  per  M.  ft. 

Houra  Rate.  cts.        Total.  B.  H. 

, 168  46  t  74.70  M.Oft 

. 88  SB  34.80  2.36 

Dock  builders   3tB  27^  100.38  6.78 

Watchman    128  IE  10.20  1.30 

Total    (220.08  tlB.BO 

In  framing  and  placing  timber  about  14,800  ft.  B.  M.  of  yellow 
pine  lumber  was  used.  Some  of  this  was  new  and  some  was  taken 
Srota  the  old  work.  The  piles  were  cut  oft  and  capped,  and  the 
stringers  and  floor  In  the  approaches  and  the  deck  of  the  pivot 
pier  were  placed.  A  railing  was  built  on  the  approachea  and  the 
Mway  braces  and  fender  rack  were  bolted  Into  position.  Little  fram- 
ing was  done.  The  labor  cost  of  this  work  Is  shown  In  the  accom- 
panying tabia 
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The  totaj  cost  of  the  work  1b  ahown  below: 

Tearing:  out  old  work t  CO.I* 

Bxcavatlon E-Of 

Driving  pllra    10*.ll 

Framing  and  pluclns  tiiiit>er St».t>» 

Total  labor  ItSt.tS 

Materialt; 

B3  pIlM  at  I!    fioe.00 

Timber.  3.S  U  ft  B.  U.  at  t>0 lOiM 

Bolts,  aplkea,  etc,  SOD  IbK.  at  G  ct& 4E.0O 

Total    tiGS.eo 

Operating  Bsp«nte*: 

Towlns    t  lOO* 

Coal  for  pile  driver,  1 U  tone  at  f  4 10.00 

Repair*  to  plant '. ll.tO 

Total    operatloK   expense! I  GO.OO 

Total  coat   1073.00 

Ae  stated  prevtoualy  the  contract  [irlM  was  tSEO. 
Work   o(    thia   charaj;ter    It    KOnenUlr    espenalvo   because   of   tha 
amall  Bang  of   dock   bulldera  employed.     Tho   engtettnan'a  wagea 
and  plant  expense,  therefore,  form  a  larxe  peroeotagn  of  the  total 

OOBt. 

cost  of  Drlvlnii  and  Sawins  Of  Pllaa.^-Ur.  Bugene  Lentllhon 
kIvos  the  foUowInK  relative  to  a  pile  foundation  for  a  concrete 
sewer,  built  by  the  New  Tork  City  Dock  Dept.  The  pilea  wca« 
driven  by  a  scow  driver  with  a  S.400-lb.  haimner,  which  worked  <B 
daya  Wagea  were  J2.30  tor  laborora,  fS.BO  for  eoglneman,  and 
13.00  for  dock-buUders,  per  10  bra  The  averaice  woa  8  pile* 
driven  per  day,  at  a  coat  of  (3.90  for  labor  of  driving.  The  pUM 
were  sawed  olf  1  ft.  below  mean  low  water.  The  doiA  builder* 
faatened  small  battens  on  opposite  sides  of  a  pile  to  Kuldo  tbe  MW. 
and  Crequently  two  men  during-  a  good  low  tido  sawed  oft  I  pUet, 
Tho  cost  of  sawing  off  was  fl.2g  per  pile. 

Data  on  Driving  With  •  Steam  Hammer  and  Sawino  Off  PIIm,^ 
Ur.  Sanford  B.  Thomson  gives  the  followInK  data  on  driving  and 
sawing  off  piles  for  the  Cambridge  Bridge,  at  Boston.  In  1901.  A 
Warrington  steam  hammer,  made  by  the  Vulcan  Iron  Workx  of 
Chicago,  was  used  by  tbe  contractora  It  weighed  9,800  Iba.,  U)A 
the  striking  part  weighed  S.DOO  Iba  With  90  to  IDD  Iba  of  steam, 
the  hammer  would  strike  00  to  TO  blows  per  minute,  fBIIIng  by 
gravity.  The  top  of  the  leaders  of  the  scow  driver  was  TG  ft.  above 
the  water  surface.  After  a  pile  was  well  down,  an  oak  follower, 
14  tna  square  and  30  ft.  long,  was  placed  on  the  pile  to  complete 
th«  driving,  BO  that  the  pile  bead  was  lett  18  (t  below  the  watw 
surface.  The  average  10-hrs.  work  of  a  driver  was  100  piles,  but  in 
one  day  as  many  aa  212  piles  were  driven  In  9  hro.  Tbe  pOM 
were  10  ft.  long  and  driven  In  hard  clay. 

The  piles  were  cut  oil  IE  to  S4  fL  below  low  water  by  a  rotaij 
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•aw  mounted  on  another  icow.  A  40-bp.  engine  running  at  lit 
rerolutliniB  per  minute  waa  Keared  up  to  the  saw  abaft  so  as  to 
drive  the  saw  at  about  460  revolutlona  per  minute.  A  It-ln.  saw 
waa  mounted  at  the  lower  end  of  a  hollow  vertical  shaft  1  Ina  In 
diameter  and  60  (t-  lonf.  This  shaft  was  supported  by  three  pll~ 
low-block  bearings  which  were  bolted  to  a  spud  14  Ins.  square  and 
40  ft.  lone;  so  that  when  the  spud  was  raised  or  lowered  the  saw 
diaft  moved  with  IL  The  pulley  on  the  saw  shaft  was  arnuiK«d 
to  slide  on  a  spline  or  key,  so  that  the  ahaft  could  be  raised  with- 
out raising  the  pulley.  The  belt  from  the  pulley  ran  to  another 
pulley  mounted  on  a  short  vertical  Jack-shalt,  provided  with  a 
bevel  gear  wheel  meshing  with  another  bevel  gear  wheel  on  a 
horisontal  shaft  driven  by  the  engine.  This  horlsontal  shaft  was 
geared  to  the  engine  with  a  link  belt  This  machine  sawed  oR  BOO 
to  SOO  piles  per  10-hr.  day.  The  spnica  piles  were  10  Ina  diameter. 
Cost  of  Drfvlng  Piles  tor  a  Swing  Brldije. — A  steel  highway  awing 
bridge,  £40  ft.  long,  and  18-ft.  roadway,  was  to  be  supported  on  a 
plor  In  the  center  of  the  river.  The  plies  were  Washington  flr, 
drlvrai  to  an  average  depth  of  20  ft  in  gxrvel.  The  penetration 
;imder  the  last  blow  of  a  2,400-Ib.  haminer,  falUuK  freely  87  ft, 
waa  I  to  4  Ina  A  scow  pile  driver  waa  used,  and  the  force  to 
operats  It  was  as  follows : 


1  englneman    t  3.00 

1  man  tripping  hammer *  " 

1  men  guiding  pile 

t  men  making  ready  the  next  pile 


day. 


at   per 

driver 


Total    tSl.te 

This  force  averaged  20  plies  per  10-hr.  day.  The  foreman  saper- 
vlsed  another  gang  of  men,  so  that  half  hie  wages  were  charged  to 
this  work.  The  plies  were  neither  peeled  nor  sharpened,  tar  I 
found  no  economy  In  to  doing.  There  were  42  piles  In  the  pier, 
and  twice  as  many  more  In  the  pier  protection  bents  upstream,  and 
downstream,  which  also  aerved  as  falaework  upon  which  to  build 
the  bridge.  The  piles  In  theae  benta  were  sawed  off,  capped  and 
sheeted  with  plank.  Two  men  with  a  cross-cut  aaw  would  saw  off 
30  of  the  plies  In  the  benta  In  ID  hra.  at  about  12  eta  per  pile.  The 
coat  of  BBWIng  oft  the  pllea  below  water  for  the  plot  la  given  in  the 
next  paragraph. 

Cost  of  Sawing  Oft  42  Pllss  Under  Watsr.— It  was  necessary  to 
cut  off  42  pllea,  4  ft.  below  extreme  low  water  tor  the  pier  work 
Just  described.  A  gravel  bar  occupied  the  site  of  the  pier,  and,  al< 
thougti  the  water  was  about  4  ft  deep  over  the  bar  at  the  time  of 
pile  driving,  It  was  necessary  to  dredge  this  bar  at  least  4  ft  deeper. 
A  hols  4  ft  deep,  and  27  ft  square  on  a  side,  was  dredged  with  an 
ordinary  drag  scraper  equipped  with  long  handles  and  hauled  by 
the  plle-4rlv«r  engine.     The  men  operating  the  scraper  walked  on 
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a.  raft  It  took  m  days  ot  the.  pile  drlTer  crew  above  given,  to  d» 
this  dredslnc  at  Ml  per  day,  or  tT4.  The  42  pilea  were  diinn 
In  thlB  hole,  after  drlvlnK  4  pllM  above  the  hole  and  shertlng  tbeoi 
with  plank  to  act  aa  a  temporary  sheer  dam  to  prevent  the  river 
current  (3  miles  per  hr.)  from  QUing  In  the  hole  with  gravel  dur- 
ing pile  driving'.  The  4!  piles  were  cut  oft  about  S  ft.  under  Water 
with  a  circular  saw  mounted  on  a  shaft  driven  by  the  pile-driver 
engine.  A  saw,  shaft,  pulleys  and  belt  were  bought  for  this  pui> 
pose  and  rigged  up  by  the  plle-drtver  crew.  It  took  them  3  days  to 
rig  the  saw  and  cut  ott  the  42  pllea.  The  hole  bad  not  been 
dredged  deep  enough  and  the  gravel  that  had  washed  In  dulled  the 
teeth  of  the  saw  requiring  frequent  raising  to  resharpen  it.  More- 
over, the  engine  did  not  have  aufflclent  power  to  drive  the  saw  at 
high  Bpeed,  and  tha  pllea  were  as  much  chewed  off  aa  sawed  off. 
All  these,  however,  are  conditions  apt  to  be  met  In  similar  work 
on  amaU  Joba     The  3  days'  sawing  cost  M4,  Or  tl.ED  per  pile. 

Data  on  Sawing  Off  Burllnoton  Bridge  Plsr  Pllei. — Ur.  C.  Hudson 
gives  the  following  description  of  the  method  used  In  sawing  oB 
several  hundred  piles  tor  the  Burlington  Bridge  pier.  In  1SS8 : 

The  piles  when  driven,  were  sawed  off  by  machinery.  On  each 
side  of  the  pier,  and  a  few  feet  away  from  It.  a.  raw  of  piles,  per- 
haps fl  or  B  ft.  apart,  was  driven.  These  were  capped,  and  npon 
the  cap  was  placed  a  traveler  IS  ft.  wlde^  arranged  to  be  moved 
from  end  to  end  of  Che  pier  on  these  caps.  Upon  this  traveler  was 
another  and  smaller  one,  arranged  to  run  upon  It  and  acrosa  the 
pier.  This  last  traveler  carried  a  vertical  shaft  In  a  properly  biuced 
frame.  This  shaft  carried  at  Its  lower  end  a  circular  aaw  about 
3S  Ins.  In  diameter.  The  shaft  could  be  raised  or  lowered  aa  re- 
quired, and  was  driven  by  means  of  a  beveled  gear  from  a  horl- 
zantal  shaft  on  the  Utile  traveler.  A  long  belt  extended  the  whole 
length  of  the  large  traveler,  around  a  pulley  on  this  horlsontal 
shaft,  and  another  guide  pulley,  so  arranged  that  the  sbatl  was 
turned  regardless  of  the  poaltion  of  the  little  traveler.  An  engine 
on  a  boat  alongside  the  pier  was  the  motive  power. 

The  little  traveler  was  fed  across  the  pier  by  means  of  a  set 
of  sniall  blocks  on  each  aide,  and  a  line  which  ran  around  a  wheel 
shaft  like  a  ship's  steering  wheel.  By  this  means  the  traveler  could 
be  moved  either  way,  and  could  thus  cut  off  a  row  of  piles  running 
one  way,  and  then,  by  feeding  back  cut  the  next  row.  the  large 
traveler  having  been  moved  back  to  reach  IL  In  this  way  IS  or  IS 
piles  were  cut  off  per  hour.  The  efficiency  of  the  saw  under  Water 
Is,  of  course,  very  much  tcss  than  In  the  air. 

Cost  of  Pulling  and  Driving  Piles  for  s  Guard  Pier.— The  pile  pra- 
tection,  or  guard  pier,  of  an  old  draw  bridge,  across  a  tributary  of 
the  Hudson  River,  wiis  removed  and  new  piles  were  driven.  I  sub- 
let  the  work,   and  the  following  are  the  actual  coats  to  the   sub- 

The  number  of  piles  pulled  was  ZOO,  and  the  time  required  was 
10  days  A  scow  pile  driver  was  used,  the  engine  being  a  friction- 
clutch  machine,  and  the  hammer  weighing  2,200  lbs.     To  pull  the 
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pOaa,  ft  pair  of  h«Avr  trlple-BbeaT«  blacks  were  used.     The  pulllnc 
was  tOMf,  the  pllea  btiag  only  10  to  IG  ft  Id  mther  »ft  BrouatL 
Th«  d«lli'  <10-hT.)  COM  of  Dpamtins  the  acow  wai  aa  toUows: 
Perdav. 

1  captain  ot  driver I  2.G0 

1  englnemaii    2.00 

3  men,    at    11.80 E.IO 

H   ton   coal,  at   |3 1.00 

Rent  at  driver G.OO 

Total,   10  pilea  pulled,  at  80  otB IIG.SO 

Thl»  aame  crew  then  drove  !00  new  pllee  In  20  daye.  or  10  pttes 
per  day,  at  a  coat  ot  fl.60  per  pile.  The  plies  were  driven  IG  to 
to  ft.,  and  were  30  to  3G  fL  Ions  after  cuttlnj;  off.  Tbe  alawnees 
of  the  drlTlnK  waa  larsely  due  to  delays  caused  by  navigation  at 
hlKli  tld^  the  channel  Imliis  so  narrow  that  the  driver  had  to 
drop  down  with  the  tide  to  make  way  for  t>oatB  to  pass,  and  then 
pull  back  agalnM  the  tide.  On  some  days  the  driver  was  Inter- 
rupted Id  thiB  way  as  many  as  8  timea 

After  the  piles  were  driven  and  cut  off,  a  0  x  12-ln.  wale  piece  was 
bolted  on  each  side  ot  the  piles,  entirely  around  the  guard  pier, 
the  wale  piece  being  1  ft.  betow  the  top  of  the  piles.  Another 
(but  sln^e)  wale  piece  was  bolted  to  the  piles,  on  the  outalde,  at 
low  water.  To  these  wale  pieces,  3  x  li-in.  dieetlng  planks  were 
spiked  upright ;  and  two  more  Ifnea  ot  8  x  IZ-la.  wallngs  were 
bolted  through  the  sheeting  and  Inside  wale  pieces,  to  hold  the 
sheeting  in  place.  The  1-in.  bolt*  were  countersunk.  The  timber 
for  the  wale  pieces  was  ydlow  pine  In  le-ft.  lengths,  and  had  to 
be  scarfed  with  a  It'ln.  ship  lap  on  each  end,  and  drift  bolted  twice. 
This  acBrfloK  nas  expensive  work,  t>eBlde  cauHing  a  (%  less  of  tim- 
ber B.t  the  Bcarfa  If  longer  lengths  than  IG  ft.  had  been  used, 
the  cost  of  labor  and  the  waste  of  timber  would  have  been  lesa 
Beside  the  wale  pieces  and  sheeting,  there  were  S  i  12-Id.  timbers 
bolted  on  each  aide  of  every  litth  bent  of  piles ;  and  the  center 
piles  of  the  bent  were  capped,  lengthwise  of  the  guard  pier,  with  a. 
12  X  It-ln.  cap.  There  were  nearly  3O.D00  ft  B.  U.  ot  yellow  pine 
timber  all  told,  Which  coat  139  per  M  delivered. 

For  thie  tltaberworli  the  same  crew  was  used  as  for  pile  pulling 
and  driving,  except  that  one  more  tlmberman,  at  |1.80,  was  em- 
ployed, making  the  dallr  coat  tlT.TO.  The  crew  averaged  only 
I,aO0  ft.  B.  H.  per  day,  at  a  coat  of  nearly  fl4  per  H  for  framing 
and  placing  all  the  timber.  They  weie  slow  workers,  and  there 
were  delays  due  to  navigation. 

Cost  of  Drswing  Foundation  Piles  and  Gheet  Plies.— The  following 
Is  a  very  brief  abstract  ot  a  long  Illustrated  article  in  Eiioi*eerino- 
Contracting,  Hay  8,  IBOT,  by  Hr.  Charles  U.  Ripley,  on  the  anchor- 
age of  the  Manhattan  Bridge. 

Sheet  patug  and  EaoavaUon. — The  iBrst  work  done  was  the  exca- 
vation ot  the  foundation  pit  and  the  driving  ot  the  foundation 
piles.  This  work  was  done  by  the  J.  A  F.  Kelley  Co.,  aa  sub- 
contractoTB.  Sheet  piling  1!  tna.  thick  and  from  20  to  10  Ina 
wida  was  driven  all  around  the  anchorage  and  bo  as  to  give  about 
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4  ft.  clearance  on  the  ridea  and  B.t  the  front  and  to  be  cIom  agabiBt 
the  footing  nuitonry  at  the  rear.  It  was  drfven  by  a  Vulcan  alesnt 
hammer.  There  were  about  840  ft-  of  (Aieetlng  around  the  pit;  the 
depth  of  the  BheeCIng  being  about  16  ft  we  have  then  aome  IGS  H 
ft,  B.  U.  of  lumtMr  In  the  sheeting  proper  not  -counting  In  wallnc 
or  bracing. 

Bxact  flgurea  of  thia  work  are  not  avall&ble  for  publication,  but 
the  sheet  piling  gang  worklb'g  wtOi  one  driver  usuallr  consisted  of 
one  foreman  at  (4  per  day,  one  engineer  ftt  (4  per  da?  and  Are  or 
■Ix  dock  builders  receiving  tI.EO  per  day  on  land  and  13.G0  per  day 
on  water.  An  S-hr.  day  was  worked  and  about  twelve  sheet  pflet 
were  driven  per  machine  per  day.  Aasumlng  an  average  depth  <i 
sheeting  of  26  ft.  we  have  SOO  lin.  ft  of  piling  driven  per  day,  or 
about  3,S0O  ft  B,  M.,  at  a  labor  coat  of; 

PerH. 
TotaL     Per  ft         B  H. 

1  foreman  at   14 $4.00         lUo         (l.SO 

1  engineer  at  |4 4.00         Ific  MO 

e  dock  builders  at  tl.iO 16.00         6c  1.00 

Total    123.00  TKc         t>.iO 

The  amount  of  excavation  Inside  the  cofferdam  waa  approximately 
4G,0OO  cu.  yd*.  Taking  the  amount  of  sheeting  given  above  aa  168,- 
000  ft  B,  M.,  wo  have  174  cu.  yda  of  excavation  for  every  1,000  ft 
B.  M.  of  Hheet  piling,  or  B.76  ft  B-  M.  of  piling  per  cubic  yard  0» 
excavation. 

Foundation  PlKn^.— The  foundation  piles  were  driven  by  a  plant 
of  four  S,60O-lb.  drop  hammer  drivers  with  4G-ft.  leada  These  ma- 
chines were  mounted  on  skids  and  rollers  In  two  horlsontal 
dlrcctlona  and  traveled  across  the  work,  driving  a  atrip  of  piling  as 
they  progreaaed.  In  addition  to  the  drop  hammer  drivers  there 
were  two  steam  hammer  drlvera  similarly  mounted,  one  a  B-toa 
and  one  a  4-ton  Vulcan  hammer.  Every  alxth  row  of  piles  across 
the  foundation  pit  was  driven  by  light  drop  machines  and  was 
then  capped  with  a  IZx  ZO-ln.  timber.  Two  of  these  parallel  tim- 
bers formed  the  track  for  the  drivers.  Five  rows  of  pllefi  were 
driven  from  each  track. 

In  a  few  cases  a  water  iel  was  used  to  asalat  In  the  driving. 
Altogether  4,430  pllea  were  driven.  The  pllea  were  an  average  of 
£6  to  30  ft,  long.  14  Ins.  In  diameter  at  the  banded  end  and  9  ins. 
In  diameter  at  the  point  The  piles  were  driven  to  a  refusal  of  a 
quarter  of  an  Inch  and  the  work  was  so  arranged  that  II  piles  wera 
driven   by  each  machine  per  S-hr.    day. 

The  gang  on  each  machine  worked  an  S-hr.  day  and  waa  organ- 
ised as  follows: 

1  foreman   at   (4 1  4.00 

1  engineer  at  14 4.00 

t  laborers  at    (2.60...' 16.00 

Total  labor f 23.00 

With  each  machine  driving  10  piles  the  labor  coat  of  drlvtns  p«r 
3E  to  SO-ft.   pile  was  II.4S   per  pile.     It  was  found  In  this  work 
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tliat  ths  Bteam  hamnier  driver*  wen  about  2^  Umea  aa  rapid  ai 
the  drop  hammer  drivers. 

CDCt  af  Pulirng  Pllee.— In  1808  I  bad  a  contract  Cor  pulling  piles 
from  the  bed  oi  a  river.  Several  hundred  piles  were  pulled  with 
a  tripod  machine,  with  gear  wheels  and  triple  blocks  that  multi- 
plied the  power  270  tinier  as  shown  on  page  lOlT.  A  rope  passed 
trom  the  drum  of  the  machine  to  a  4-hp.  hoisting  engine,  which 
W&K  thus  able  to  puU  piles  driven  27  It.  into  the  ground.  It  coat 
1100  to  make  two  ot  these  machines  and  about  tSOO  more  for  blocks 
and  tadde  and  rcDalrs. 

The  crew  for  each  puller  was  S  laborers.  1  boss  and  1  enginenmo, 
■o  that  the  coat  of  wages  and  14  ton  of  coal  was  flO  per  day. 
About  7D0  piles  were  pulled  With  two  machines,  the  average  depth 
of  pile  being  12  ft.,  although  many  were  2S  ft.  The  average  day's 
work  per  machine  was  IE  piles  making  the  cost  of  lalrar  and  fuel 
about  70  cts.  per  pile.  The  men  worked  in  water  up  to  their  knees 
and  were  provided  with  rubber  boots  costing  tlOO,  which,  with 
the  t4tO  paid  (or  machines  and  repairs,  made  |E00,  or  about  70  cts. 
more  per  pile,  or  a  total  of  fl.lO  per  pile. 

Chains  that  Were  Wrapped  around  the  piles  In  pulling  were  mada 
of  IK-ln.  Iron,  with  a  breaking  strength  of  about  100.000  Iba  The 
•train  was  so  great  In,  nuJllng  the  longest  plies  that  the  chaloB 
ware  frequently  broken. 

Cost  of  Blasting  Pdek— Several  hundred  plies  were  removed  by 
blasting,  in  addition  to  the  700  that  were  pulled  as  above  de- 
acrlbed.  Tlie  piles  had  been  cut  off  at  the  water's  surface  many 
years  before,  and  our  contract  required  the  removal  of  the  piles 
at  least  4  ft.  below  the  surface  of  the  low  water,  which  was 
•ciulvalent  to  about  2  ft  helow  the  bed  of  the  river.  Long  ship 
augers  were  used  to  bore  holes  m  Ina  In  diameter  and  4^  ft. 
deep,  down  the  core  each  plla  aach  laborer  averaged  7  such  holes 
bored  i>er  10  bra  in  white  oak  pllea  or  10  ft.  per  day.  The  cost 
per  pile  for  boring  and  blasting  was: 

Ifhor  boring,  IE  eta  per  hr. (0.21 

1   lb.  of  70%   dynamite 0.20 

"   "     of  40%  dynamite O.OS 


h 


Total  per  pUo tO.SS 

Bach  pile  was  loaded  with  two  sticks  of  70%  dynamite  and  one 
stick  of  4  0%.  This  charge  would  cut  olt  the  largest  pile  and  hurl  the 
hutt  T5  ft.  In  the  air.  Occasionally  a  very  tough  pile  would  be 
splintered,  and  had  to  be  pulled.  This  added  cost  of  pulling  aver- 
aged 10  eta  more  per  pile,  which  might  have  been  avoided  by 
making  all  three  sticks  70%  dynamite. 

Cost  of  Driving  and  Pulllns  Test  Piles.* — A  pile  was  driven  every 
BO  ft  across  the  Hackensack  Blver,  N.  J.,  to  test  the  nature  of  the 
bottom.    Three  00-ft  piles  were  used,  and  were  pulled  after  driving. 

•SnfftneffHag-CoHtraclliip,  July  IS.  I90S. 
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The  cost  at  tha  work  Includes  the  cost  of  pulling  aa  veil  a*  drivlnC' 
A  acow  driver  wkb  used,  and  the  work  was  done  at  cost  pliu  lt% 
for  auperlntendence.  The  total  Dumber  ot  feet  panetrated  hj  the 
piles  was  «S4.  or  about  BTH  ft.  as  an  averase  of  the  11  pIleK  8  of 
which  were  driven  to  ntck.  "Hie  material  penetrated  was  mui^  sand 
and  cta7. 

The  work  occupied  t  H  days,  of  which  1 U  days  were  spent  la 
traniportlnK  the  driver  to  the  site  of  the  work  and  removing  It  tram 
tba  work  after  completion.     The  cost  was  as  follows ; 

Foreman,  4H  days  at  J< t  li.M 

Machine  men,  46  days  at  fS ISG.OO 

Watchman,   4   nights  at   ft It.OO 


..tlBl-GO 
This  I*  at  the  rate  of  10  eta  per  lln.  It.  of  penetration  for  drlvlnc 

and  pulllnK.  but   It  does  not  Include  the  cost  of  coal.     Coal  was 

probably  less  than  ^  ton  per  day,  or  say  flO  tor  UM  whole  lollh  or 

less  than  t  cts.  per  foot. 

Tha  cost  of  materials  was  as  follows: 

8  plleat  90  ft.  long,  a.t  tit IT|.H 


S.00 


Total    IIOI. 


. .     *.S0         I 
.|10t.lt         I 


This  In  equivalent  to 

about  le  cts.  per  Un.  foot  of  pUe  pei 

tton.     The  total  cost  v 

IS  therefore: 

TotaJ |0.4g  »a«,70 

It  will  be  noticed  that  there  were  10  men  and  1  foreman  on  the 
driver,  which  Is  an  unusually  large  number :  and  It  will  alK» 
be  noted  that  the  wage*  paid  the  "maohlne  men"  were  very 
liberal. 

Since  only  3t4  days  were  actually  spent  Id  driving,  the  overage 
day's  worli  was  S  piles  driven  and  pulled.  If  an  ordinary  acow 
driver  crew  of  6  men  at  %2,  ajid  1  man  at  t1.  had  been  employea. 
the  dally  wages  would  have  beeu  tlB.  To  Which  Odd  |1  for  coal 
and  ft  for  rental  of  plant,  making  a  total  of  tZ4  per  day  tor  driv- 
ing and  pulling  1  te«  piles,  or  M  per  pile.  Even  %S  par  pll* 
would  be  a  high  cost  for  such  work,  when  done  by  contract  If  the 
cost  of  moving  the  driver  to  and  from  the  site  of  the  work  Is  not 
Included. 

In  view  of  the  valuable  iDformatlon  gained  at  small  expense  br 
dHvlDg  test  pllef^  It  Id  surprising  that  engineers  do  not  oftener  test 
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the  bottom  of  rlvera  In  Ihia  nay  before  drftwlng-  plana  and  ipecl- 
flcatlona  for  biidn  foundations,  treaties,  etc  When  a  contract  Iiaa 
been  awB,rded  for  foundatlona,  the  drat  tblnK  that  the  contractoi 
wautj  to  do  la  to  order  bla  pllea.  The  enslneer  uauallr  refuaea  to 
fumlBb  a  bin  of  materlala  until  enough  pllea  have  been  driven  to 
determine  the  character  at  the  bottoni.  Thla  delays  the  whole  woiic 
and  adds  materially  to*  the  contractor'a  expense.  Moreover,  It  uau- 
ally  results  In  a  change  of  apeclfled  lengths  of  piles,  and  a  corre- 
sponding change  In  the  ultimate  cost  of  the  Job.  The  time  to  drive 
test  pllea  Is  before  the  award  of  a  contract,  not  attermard. 

Coat  of  Driving  Pllaa  for  a  Shore  Pretactlon.*— Ur.  Daniel  J. 
Hauer  gives  the  following: 

The  work  was  done  by  contract.  The  pllea  were  for  the  founda- 
tion of  a  reinforced  concrete  shore  protection,  cT'OststlnK  ot  a 
pUasUr  maced  on  li-ft.  centers  and  a  curtain  wall  S  Ins.  thick  caat 
between  the  pllastera.  Two  plies  were  driven  for  each  pilaster,  thus 
making  a  apace  ot  11  ft.  between  each  act  of  pllea.  The  two  pltea 
were  IS  Ina.  center  to  center.  Thla  spacing  la  somewhat  unusual, 
as  foundation  pllea  are  seldom  driven  on  more  than  8-ft.  centers; 
which  meana  more  piles  to  drive  with  leas  moving.  There  waa 
nothing  difficult  In  the  driving,  and  no  great  obstacles  to  over- 
come. The  work  was  along  the  shore  of  a  tidewater  bar,  and 
except  In  a  few  placeo  out  of  reach  of  the  water.  Only  once  for 
an  hour  or  ao  was  the  work  stopped  by  high  tide.  Nearly  half  ot 
the  work  waa  through  marehes,  the  rest  of  the  drlvInK  being  In 
stiff  clay.  But  little  cribbing  had  to  be  done,  the  runways  being 
placed  on  blocks  on  the  ground.  Where  any  grading  had  to  be 
dona  to  allow  the  machine  to  be  rolled  ahead.  It  waa  done  by  other 
forces,  and  has  not  been  Included  In  the  coats  given. 

The  piles  were  not  aawed  off,  but  were  driven  by  a  follow  head  to 
the  proper  depth,  which  waa  0.6  ft.  below  mean  tow  water,  the 
foundation  pit  having  Juat  been  excavated.  Thla  waa  made  possible 
br  the  fact  that  the  piles  were  not  capped,  but  the  heads  ot  the 
piles  were  Imbedded  In  the  concrete.  The  piles  were  delivered  within 
easy  reach  ot  the  machine  by  teama,  this  being  done  by  another 


The  lengtha  driven  varied  from  10  to  30  tt.,  less  than  G%  being 
the  last  named  length,  while  many  were  only  li  to  10  ft  long, 
more  than  halt  being  but  10  ft.  The  average  length  was  12^  ft 
The  pile  driver  had  leads  33  ft  high,  which  were  bolted  to  a  bed 
frame  of  12il2-In.  timbers,  E  ft.  wide  and  24  tt  long,  upon  the 
other  end  of  which  sat  the  10-hp.  holstinfr  engine.  It  being  a  single 
cylinder  double  drum  engine  with  two  winch  heada  One  drum 
operated  the  hammer  fall  and  the  other  the  pile  hoisting  line.  The 
top  ot  the  machine  was  guyed  by  two  lines  run  to  anchors  a  hun- 
dred feet  or  more  away  on  either  side,  and  run  through  a  block 
on  the  head,  the  other  end  of  the  Una  being  fastened  \o  a  davit 
on  the  bed  frame;   this  allowed  of  the  guys  being  easily  slackened 
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or  U^toned.  Tb«  bed  frama  rested  on  two  steel  rollers  wltti  holM 
In  the  end  to  tak«  bars  In  order  to  roll  the  machine.  The  hBtiumr 
weighed  2,000  lbs. 

The  machine  was  old  and  In  a  dilapidated  condition.  Tbe  flttlngB 
around  the  boiler  ajid  ttiglne  leaked  both  steam  and  water:  the 
leads  were  badly  racked ;  towards  the  end  of  the  Job  the  hammw 
frequently  Jumped  out  of  them.  The  rollers,  too.  w«r*  old  ones, 
end,  besides  being  cracked,  one  had  a  flat  side  on  It,  w>  as  to  pre* 
vent  it  rolling  easily.  All  theae  things  materially  delayed  the  work 
at  times  and  added  much  to  the  expense  o(  operating  the  drlT«s'. 
The  condition  of  the  holler  and  the  Indifferent  englneera  who  ran  1^ 
coupled  with  the  fact  that  moat  of  the  work  was  done  In  the  winter 
season,  tnade  the  consumption  of  coal  and  water  large. 

The  cost  of  such  a  plant  new  at  the  present  time.  Including  im. 
chine  ropes,  small  tools,  blocks  and  onchoiA  would  not  be  over 
tl,200.  Thus,  If  a  plant  rental  of  t^  Per  day  was  ch*rg«d  a^lnst 
the  Job,  with  work  for  the  outfit  for  100  tg  110  dan  In  the  ycsir, 
the  entire  cost  of  the  plant  would  be  cleared  hi  two  ■eaaona.  nUs 
charge  seems  to  the  writer  to  be  ample,  but  It  Is  customary  to  bin 
such  a  plant  for  tlO  per  day  for  abort  Jobs. 

The  work  will  be  divided  Into  two  parts,  as  this  dlvlalon  will  anew 
of  a  comparison  of  costs,  driving  the  plies  under  two  different  tore- 
men,  also  under  different  weather  conditions ;  the  flrst  befog  dOD*  '. 
In  excellent  weather  In  the  autumn,  the  second  during  the  winter  | 
months.  The  rates  of  wages  were  also  different  for  the  men.  The 
foreman  and  engineer  were  paid  weAly  and  were  not  allowed  over- 
time, as  they  lost  no  time.  The  work  was  seldom  stopped  evm 
during  stormy  weather,  their  daily  wage,  prorated  from  the  weakly 
rate.  Is  used.    In  example  No.  1  the  wages  paid  were  as  follows: 

Foreman    tl.GO 

Engine  runner   1.00 

Pile  driver  men   1.1G 

Laborer   LSO 

In  example  No.  t  the  dally  wages  were : 

Foreman    ft.SI 

Engine  runner  t.OO 

Pile  driver  men  I.OO 

Laborers    1.60 

Cart  and  driver   *.00 

Btamplt  I. — These  piles  were  driven  during  good  autumn  weather. 
The  foreman  was  competent  and  attended  to  his  work.     The  ma- 
chine WBB  brought  to  the  site  of  the  wall  on  a  scow,  which  was         j 
beached,  and  the  engine,  leads  and  so  forth  skidded  off  and  the  parts         i 
of  the  machine  assembled.    This,  with  the  building  of  a  camp,  cam-         , 
sumed  three  days,  and  the  labor  Items  are  Included  In  the  cost  at 
the   pile    driving.      This   foreman    drove    tit    plle&    their    average 
length  beiRK  IE  ft.     The  engine  used  )2I  IbK  of  coal  Mch  day  of         | 
10  hra,  the  V«l  coaling  on  board  of  the  scows  ft.Sti  per  ton.     Both 
water  and  coal  were  brought  to  the  work  on  scows,  a  tnw  costlAg        ' 
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lis  p«r  trip,  the  tUK  bringlnK  a  load  and  returnlDg  with  the  empties. 
A  laborer  carried  the  coal  and  water  ashore  froin  the  scow  In  a 
row  boat  and  delivered  it  at  the  engine.  One  man  was  kept  at  thlq 
contlnuallr.  and  he  Is  listed  In  the  cost  under  coal  and  Water  la- 
borer. Tho  monthly  rental  ol  two  smalt  scows  at  tSO  per  month 
la  slvan  under  "scows  and  tuss."  In  UstlnK  the  cost  each  Item 
was  k«pt  separate  and  Is  as  follows,  per  pile  driven: 

Per  pile. 

FVireman    (O.lBl 

TilnKliieer    O.lil 

Pile  driver  men 0.830 

Labor    preparing    piles 0.108 

Coal  and  water  laborer O.O90 

Scows  and  tugs 0.S7B 

Watchmaji     0.062 

Total  labor  tl.S22 

Coal,  3!S  lbs.  dally  0.0B6 

Plant   (Int.  and  deprec) 0.320 

Total     .'tl.99T 

The  piles  were  squared  on  the  end  and  prepared  to  be  put  In 
the  leads  by  one  man,  who  had  no  trouble  In  keeping  this  work 
ahead  of  the  driving.  One  man  attended  to  the  water  aiid  coal, 
while  seven  men  placed  the  piles  tn  the  leads,  guided  It  down,  placed 
the  runways  and  assisted  In  moving  the  driver  ahead.  To  accom- 
plish this  an  anchor  was  placed  In  the  ground  ahead  to  act  as  a 
dead  man,  and  with  a  line  run  from  It  to  the  winch  head  on  the 
engine,  the  machine  was  pulled  ahead  on  the  rollers,  the  crew  BS- 
s[  sting  with  bora 

For  the  entire  Job  an  average  of  IT  piles  were  driven  each  day. 
but  as  three  days  were  consumed  In  starting,  and  three  addi- 
tional days  were  used  In  moving  the  machine  as  explained  later,  the 
average  number  o(  plies  driven  for  each  day  of  driving  was  21. 
The  average  length  of  the  pile  was  15  It  They  were  delivered 
In  longer  lengths  and  sawed  Into  two  pieces  of  the  desired  length. 

After  working  a  number  of  days  the  pile  driving  work  was 
stopped  on  account  of  the  necessary  excavation  not  having  been 
made,  and  it  was  decided  to  move  the  machine  ttack  to  the  start- 
ing point  and  drive  piles  In  the  opposite  direction  In  order  to  build 
more  of  the  shore  protection.  The  machine  was  turned  around 
and  moved  In  the  manner  as  described  above  for  a  distance  o(  1.3O0 
ft.  Although  the  contractor  was  paid  full  account  tor  this,  yet  the 
cost  baa  been  Included  In  the  figures  given  above.  The  time  con- 
Bumed  In  moving  was  three  days,  and  the  cost  for  labor,  plant  coal, 
etc..  was  as  follows: 

Labor    ISB.2B 

Plant   rental    16.00 

Coal     1.70 

ts'i'.sis 

This  makes  a  cost  per  pile  of  IT, 3  eta  for  moving. 

During  tho  course  Of  the  Job  It  was  necessary  to  move  the  water 
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and  coal  Bcow)  along  tha  shore,  ao  the  TaCer  and  coal  tanOer  could 
reach  them  Quickly  to  xet  hla  auppUea.  Tha  coat  of  tbta  work 
la  Blven  under  pile  driver  man,  and  waa  not  aapaikted  tnxa  tha 
other  work. 

The  foreman,  aa  stated,  waa  a,  competent  and  IntenigeDt  one. 
and  handled  hla  men  with  aome  thousht.  He  endeavored  to  keep 
up  hla  runways  and  make  the  work  light  tor  hla  men.  realising 
that  more  work  was  accomplished  In  this  manner. 

In  addition  to  the  coat  per  pile,  a  record  was  kq>t  ot  the  cost 
per  lineal  toot  of  pile  driven,  which  waa: 

Per  lln.  ft 

Foreman     lO.OIt 

Engineer     0.009 

Pile   driver    men O.OST 

Preparing  piles   O.OOT 

Coal  anf  water  laborer O.O0« 

Scows  and   tugs Q.OID 

Watchman     0,003 

Total    labor    10.11! 

Coal.    325    lbs.    dally 0,004 

Plant   (Int.  and  deprec) 0,012 

Total     ioiSS 

SmmpJe  //. — After  the  winter  weather  had  aet  In.  the  neces- 
aary  eicavallon  having  been  made,  the  work  waa  remmed.  A  new 
toreman  was  put  In  charge  ot  the  Job.  After  moving  the  machine 
from  where  It  was  last  used  to  (he  new  alto,  the  driving  com- 
menced. This  move  was  also  paid  for  by  the  railroad  company. 
The  distance  was  2,500  ft  The  driver  waa  rolled  100  ft  onto  an 
emttlnkment,  where  an  ox  team  could  be  brought  to  It.  was 
knocked  d)wn  and  hauled  by  the  yoke  of  oxen  hitched  to  a  timber 
cart.  The  bed  frame  and  engine  making  one  load,  the  leads 
another,  and  the  hammer,  ropes  and  small  tools  making  a  third 
load.  The  machine  was  then  set  up  tor  work.  The  time  consumed 
was  Ave  daya  a  day  and  a  half  ot  which  time  the  ox  team  worked. 
Fifty  dollars  were  paid  for  thetr  servlcea.    The  total  cost  ot  moving 

Labor     t  74.76 

Plant  rental    26.00 

Coal     4.37 

On  team   SO.iO 

tlELia 
This  cost  Is  also  Included  In  the  cost  of  driving  aa  given  below. 
The  average  length  ot  the  piles  driven  waa  11  ft  For  the  actual 
number  ot  days  ot  driving  tha  average  number  driven  per  day  was 
1$,  while  for  the  whole  time  the  average  number  was  It.  Scows 
were  not  used  for  coal  and  water,  but  the  water  waa  hauled  trooi  a 
well  about  half  a  mile  distant,  and  the  coal  from  another  Job  a  mile 
and  a  half  away,  A  one-horse  cart  was  used  for  this  purpose,  a 
laborer  serving  the  «iglne  from  th«  auppUe*  k>  hauled.  The  e<M 
riT  pile  was: 
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Foreman     t0-l91 

Bufrtneer    O.IBO 

PllB   driver   men 0.861 

Labor   preparing   piles 0.183 

Coal  ana  water  laborer O.liO 

^rta    0.110 

Watclutmn    0.01! 

Total   labor    il.glS 

Coal.  600  lbs.  dally Jo.oTO 

Plant  (Int.  and  deprec.) 0.380 

Total    iiTsflS 

The  cost  per  Unsal  foot  of  pile  driven  was  as  follows: 

Per  lln.  ft. 
Fitreman     10.011 

Kiglneer     0.018 

,    liitKn-  preparing  piles 0.018 

Coal  and  water  laborer 0.010 

Carts    0.027 

Watchman    0.006 

Total    labor $0,103 

Coal.   EOD   lbs.  daily O.OOB 

Plant   (InL  and  deprec) O.OSB 

Total     t0.20S 

A  comparison  of  the  costs  of  these  two  examples  of  similar  work 
Is  extreme)]'  Interesting.  The  weather  was  favorable  In  the  first 
case,  but  the  rale  of  wages  for  pile  driver  men  were  higher  and 
the  average  length  of  pile  was  longer,  yet  every  Item  of  coat  was 
larger  tn  the  second  example.  The  size  of  the  crew  was  the  same, 
but  Instead  of  one  man  preparing  the  piles  two  men  did  this  work, 
which  about  doubled  the  cost;  but  this  extra  man  made  one  less 
man  working  with  the  machine ;  yet  that  cost  Is  Increased.  This 
and  the  other  labor  costs  being  enlarged  is  due  to  lens  work  being 
done  each  day.  The  larger  consumption  of  coal  was  due  to  the 
weather  being  colder  and  to  bad  firing,  as  will  be  noted  later. 
Taking  Into  consideration  the  wages  the  Increased  cost  of  Example 
II  over  I  should  have  been  little,   if  any. 

The  foreman  In  the  last  work  was  Incompetent  yet  a  shrewd  (el- 
low.  A  representative  of  the  contracting  Qrm  only  visited  him  a 
few  times  a  week,  and  then  rarely  stayed  with  him  more  than  an 
hour.  The  foreman  took  advantage  of  this,  and  by  "grand  stand 
V'iB.Jtt'  stood  well  with  the  flrni,  yet  shnmefully  neglected  his  work; 
In  fact,  be  and  his  crew  "soldiered." 

A  record  was  kept  of  the  time  used  tn  doing  the  various  kinds 
of  work  each  day,  and  In  order  to  Illustrate  how  It  Is  possible  (or 
a,  foreman  to  rob  his  employer  this  record  is  reproduced  (or  sev- 
eral days: 

December  ZT. — Uovlng  runways  ahead  and  placing  them.  3  bra ; 
rolling  machine,  I  hrs.  and  25  rolns. ;  boiler  foaming,  so  It  would 
not  steam,  30  mins.;  driving  plies.  4  hrs.  and  10  mina  Total  time 
worked,  10  hrs.  and  8  mina.     Crew:     Foreman,  engineer.  10  men. 
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cart  and  drtrer.  2  men  pr^iBiinK  piles,  1  num  coal  and  water. 
Foreman  and  1  men  vent  away  at  8  :10  ta  see  tbat  aome  timber  wai 
not  a&oat ;   came  back  at  S  :4G.     (This  waa  not  neceamr.) 

January  8. — Moving  runwaya  and  placing  tbera,  60  mlns. ;  rolling 
machine,  1  hr,  and  3G  mina. ;  driving  pMea,  1  far.  and  46  mloa.; 
boiler  fatunlng.  Ki  It  would  not  Bteam.  SO  mlna. ;  out  of  steam 
through  negligence  of  engineer,  20  mlns. :  S  hra.  conaumed  In  fixing 
machine,  luch  as  tightening  bolts  and  rods,  adjusting  llnea,  mostot 
which  wa*  unneceieary :  1  hr.  sliouid  have  adjusted  everything 
that  needed  It  Total  time  worked.  10  hrs.  Crew:  Foremaii,  engl- 
iMer,  II  men,  cart  and  driver,  1  man  coal  and  water,  2  men  pre- 
paring piles. 

January  16. — Waiting  (or  Meem  (roro  T  o'clock  until  10:36,  S  hra. 
and  36  mlns.,  during  which  time  runways  were  iilaced;  rolUng  ma- 
chine. 1  hr.  and  IE  mlna  ;  waiting  for  steam  in  attenioon,  10  mlna ; 
making  a  follower,  1  hr,  (the  writer  has  frequently  made  one  In 
10  mine.).  Total  time  worked,  9  hra  and  30  mlns.  (SO  mlna  stolen 
by  whole  crew).  Foreman  away  from  worl^  I  tir.  Crew:  Fore- 
man, engineer,  B  men,  cart  and  driver,  1  man  on  water,  3  men  i»e- 
parlng  piles  for  3  hrs. 

These  are  records  picked  at  random,  and  no  comment  Is  needed 
regarding  them,  save  that  If  accurate  cost  data  are  kept  on  work 
such  rascality  and  Incompetency  could  not  occur.  Another  featui* 
that  added  to  the  cost  of  Example  II  was  that  the  foreman,  instead 
of  heading  his  machine  In  the  direction  in  which  he  was  moving 
had  the  back  end  first,  which  prevented  him  from  using  an  anchor 
and  the  winch  head  of  his  engine  In  moving  the  driver,  as  the  other 
foreman  did.  Because  he  was  used  to  moving  a  machine  tiackwar^ 
owing  to  the  taut  tliat  with  such  a  driver  the  piles  are  frequoitly 
left  standing  above  the  surface  of  the  ground,  he  could  not  see  that 
when  the  piles  were  driven  below  the  surface  It  was  an  advan^ 
tage  In  moving  ahead  to  have  his  machine  With  the  leads  In  tbat 
direction.  Even  when  he  was  advised  to  prod  his  machine  properly 
he  Ignored  the  advice,  and  before  flnlshlng  the  ]ob  he  had  to  turn 
the  machine,  as  the  last  piles  were  driven  so  close  to  a  high  bank 
there  was  not  room  enough  to  take  the  driver  between  the  pltea 
and  the  bank.  This  turning  cost  (14.70  for  the  latMr.  a«  It  con- 
sumed 8  hrs.  of  time. 

The  following  shows  how  the  time  Of  the  crew  was  spent  for  a 
week,  the  coat  of  each  Hem  of  work  being  given.  The  week  waa 
picked  at  random  and  Is  In  many  ways  representative.  The  total 
cost  of  labor  was  tl<8.37,  divided  as  follows: 

Piling    runways    %  12.04 

Rolling  machine    18.8* 

Preparing  piles    11.00 

Serving  coaJ  and   water 8.1E 

Hauling  coal  and  water K.BO 

Waiting    f-    °" 


Fixing  machine,   etc Sl.ll 

Driving    piles    2S.T6 

Time  loating   1.70 

tHS.>T 
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Altbmich  tbla  woik  wu  mlanianaced  man?  iMaons  can  b«  teamed 
tram  It. 

C««t  of  Driving  WakalUKI  Sheet  Piling,  Chicago,  III.*— The  matter 
ol  conatructlnB  Intercepting  aewera  for  Oie  purpose  ot  dIvertlnE 
aewogfl  Into  the  Ctilcago  Dralaage  Canal  va.«  taken  up  by  tbe  Cicr 
of  Chicago  In  the  latter  part  of  1B9T.  In  Auguat,  ISSS,  bids  were 
received  for  the  conatnictlon  of  the  eouth  arm  of  that  ewwer  Byelem. 
All  these  bids  were  rejected,  and  in  1901  the  city  undertook  the  con- 
struction of  this  section  of  [he  srstem,  employing  day  labor,  and 
bavlnK  all  work  done  under  the  superrlBlon  of  its  own  engineers. 

We  Shalt  give  a  brief  description  of  the  manner  and  methods 
ot  driving  tbe  piling  for  Section  G,  which  extended  from  39tb  to 
etst  streets  and  for  Section  H,  between  Slst  and  SSd 
•treats.  As  this  was  the  city's  first  experience  In  con- 
struction work  on  a  large  scale.  It  was  necessary  to  secure  an 
entirely  new  plant.  Accordingly,  the  city  built,  with  Its  own  labor, 
«  turntable  drop  hammer  pile  driver,  for  use  on  Section  O.  The 
driver  had  a  hammer  weighing  3.000  pounds,  and  was  equipped  with 
a  T  X  10-in.  double-drum  hoisting  angina  and  a  duplex  steam 
pump  for  jetting.     The  machine  cost  tliZOO. 

As  the  sewer  for  a  distance  of  about  i,EOD  ft  wtmld  be  under  the 
abOHl  water  of  the  lake,  and  lor  the  rest  of  the  distance  very  close 
to  the  water's  edge,  It  was  necessary  to  use  sheeting  during  conatruc- 
tlon,  which  would  be  practically  water  tight.  Accordingly.  Wake- 
field sheet  piling  was  used,  the  lumber  employed  In  Its  construction 
being  2  tna  x  IZ  Ins.  x  20  ft.  Norway  and  Georgia  plne^  surfaced 
one  side  and  one  edge.  For  most  of  the  work  Southern  pine  was 
used.  In  practice,  however,  it  was  found  that  Norway  pine  would 
stand  E0%  more  blows  under  a  drop  hammer,  and,  in  consequence, 
Norway  sheet  piling  was  used  where  there  was  difficult  driving, 

AlKiut  IZ  ft  below  city  datum  the  clay  line  was  found;  Imme- 
diately above  this  was  a  layer  of  line  blue  sand  mixed  with  short 
clay.  This  stratum  when  loose  and  wet  acts  very  much  like  qulck- 
Mnd.  Above  this  stratum  was  ordinary  lake  sand.  The  sand  was 
very  solid  and  compact,  owing  to  the  action  of  the  waves  of  the 
lake,  but  with  tbe  exception  ot  gravel  spots  the  aeepage  was  small, 
oonsidertng  the  nearness  to  the  lake.  The  Brat  sheeting  was  driven 
nearly  to  tbe  bottom  of  the  proposed  excavation ;  but  later  It  was 
found  that  sheeting  driven  4  to  G  ft.  Into  the  clay  would  do  sufB- 
clentiy  W«1L  In  order  to  have  the  sheeting  left  to  a  sufficient  height 
kbove  tbe  tine  of  tbe  lake  for  protection  against  hl^  water,  tides, 
M&.  10  ft  of  material  was  used  with  some  exceptions. 

In  tbe  bracing,  10-ln.  x  li-ln.  i  IZ-ft.  stringers  and  lO-ln.  x  10>ln. 
X  tO-ft  braces  were  used.  Three  sets  of  stringers  and  bracei  were 
found  snlllcient  for  most  of  the  distance.  In  some  places,  however. 
It  vtui  necessary  on  account  of  bad  ground  and  swelling  clay,  to  re- 
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bout  the   antlre  work. 

In  construction,  the  top  set  of  strlnKerB  and  braces  followed  the 
acraplng  and  leveling.  The  distance  between  the  sheeting  was  ZS  ft, 
for  the  IS-fL  conduit  and  2I14  ft  for  the  IBW-fL  conduit.  A  clear- 
ance of  about  S  Ins.  between  the  sheeting  and  sewer  brickwork  was 


As  was  stated  previously  the  city  had  built  a  turntable  driver  for 
use  on  this  aectlon  ol  the  work.  In  the  operation  It  was  found  prac- 
tical to  swing  the  driving  apparatus  about  once  every  day.  Ordi- 
narily about  BO  ft  of  Hheetlng  In  each  direction  was  driven  on  one 
Bide,  and  then  60  ft  in  each  direction  on  the  other  side.  A  water 
Jet  tor  Jetting  to  the  clay  was  used  with  marked  sueceas.  Ordi- 
narily, after  Jetting  to  the  clay  and  getting  the  pltlns  Into  position, 
four  or  five  blows  ot  the  hammer  were  suHIcient.  In  many  case* 
Isolated  rocks,  about  1^  ft.  In  their  largest  dimensions,  were  found 
from  2  ft,  to  8  ft  below  the  surface;  these  were  disposed  of  by 
Jetting  a  large  hole  beside  them.  The  piles  wore  held  In  plac* 
during  driving  by  a  "Ji-ln.  buck  line,  attached  to  the  front  drum  of 
the  hoisting  engine,  and  leading  through  the  sheavea  attached  to 
the  pile  driver  and  sheeting  In  place,  to  and  around  Che  pile  to  tw 
driven.  In  making  each  WakeQeld  pile.  60-petiny  wire  spikes  were 
used.  Ilalf-lnch  carriage  bolts  were  tried  as  fustenlnga,  but  It  Was 
found  that  the  carpenters  could  make  at  least  twice  the  number  ol 
sheet  piles  when  GO-penny  wire  spikes  were  used.  Blf^t  to  ten 
spikes  were  used  per  pile.  The  plle-drlvlng  crew  followed  the  gang 
setting  Che  top  braces:  and,  on  straight  work  at  least.  It  was 
planned  to  have  a  distance  of  about  400  ft  between  the  pile  driver 
and  the  excavating  derrick,  because  when  the  driving  was  too  near 
there  was  trouble  with  seepage  water  from  the  Jet. 

In  ordinary  driving,  tlie  crew  averaged  about  SO  pieces  of  Meet- 
ing for  B  hra  This  Is  equivalent  to  45  ft  of  trench  sheet  piled. 
The  largest  day's  work  was  lao  pieces  of  sheeting  placed.  On  soma 
days,  however,  when  such  obslructlons  as  piers  were  encountered, 
not  more  than  12  pieces  of  sheeting  were  driven ;  this  occurred  ones 
perhaps  In   300   to    100   ft. 

The  pile  drlvlnx  crew  consisted  of  the  following : 

1  foreman.  IIOO  per  month I  4.1* 

1  uiglneman,   tt.sO  per  day 4. BO 

1  fireman,   12.60  ijer  day S.M 

2  carpenters,    t3.(0   per  day 7.*0 

.  .... ti.F"  — -  '—  •""" 

(3.1 


4  laborers,   12.60  per  day.. 
1  jet  man,   (3.00  per  day. 
1  laddQi    ""  ""  -" 


13.00  per  day 1.00 

3  wincn  men,  |1.00  per  day S-00 

Total    t4D.S* 

1  ton  coal   1.90 

Total,  10.8  M.  at  14.03 »«€ 

As  about  46  ft   of  trench  was  ahset-piled  per  8  bra.  the  labor 
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coat  per  linear  foot  of  aawer  amounted  to  10.90.  The  lA.bor  cost  per 
pile  wae  4G  cto.  The  bill  ot  materials  required  tor  the  average 
amount  placed  tn  an  S-hr.  day  was  aa  foUowa : 

lO.g  H  tt  B.  H,  1  Ina  n  12  ins.  X  10  ft.  timber 

at    122    »2B7.«0 

BOO  vlkea,  at  t2.6G  per  100 23.SE 

Total   materiala    t2ei.lE 

AddfoK  the  total  labor  coM  and  the  total  cost  for  mate-.'lal  we 
have  fSOG.Ol  as,  the  total  COM  of  90  pllea.  From  the  above  It  will 
be  seen  that  the  coat  per  pile  amounts  to  13.38.  of  which  tO-IT  waB 
tor  labor.    The  coat  per  1,000  ft.  B.  H  of  piling  was  about  |Z8. 

Another  pile  driver  was  built  by  the  ctty  for  the  conatructlon  ot 
the  aheet  piling  hi  that  section  ot  the  Intercepting  aewer  between 
GlBt  and  71d  streets,  known  as  Section  H.  Thla  machine  was  alao 
conatructed  on  a  turntable  and  could  be  swung  from  one  Bide  of  the 
trench  to  th'3  other.  In  order  to  secure  a  good  foundation  bearing 
for  the  runways  and  rollers  the  span  of  the  lower  bed  was  made  3i 
ft.  The  driver  waa  equipped  with  a  T  x  1 0-ln.  double-drum  engine, 
had  40  ft.  leads  and  a  2,G00-lb  hammer  A  Jet  pmnp,  with  water 
tanl^  SO  ft.  Jet  tube  and  other  appliances  were  also  among  the 
equipment. 

As  In  the  flrst  case,  the  aheetlng  was  of  the  ordinary  Wakefield 
pattern,  made  up  of  2-ln.  i  is-ln.  plank,  fastened  together,  however, 
by  60-penny  aplhea  The  method  of  driving  this  sheeting  was  as  fol- 
lows: The  top  sec  of  stringers  and  braces  were  put  In  place  for 
100  tt  to  SOO  ft.  In  advance,  and  about  IE  Ina  below  the  surface 
of  the  street;  a  second  set  of  stringers,  parallel  with  the  street, 
made  up  ot  4-ln.  z  11-ln.  plank,  waa  put  In  about  G  loe.  outside  of 
the  main  stringers  and  on  the  same  level  as  those  inside,  tor  the 
purpose  of  keeping  the  sheeting  In  line.  All  braces  and  Umbers 
were  then  covered  with  sand  to  prevent  their  being  waAed  out 
by  the  water  Jet  The  sheeting  used  was  18  ft.,  20  ft.,  21  ft.  and  24 
tt  long,  depending  on  the  depth  of  the  clay.  The  top  of  the  Meet- 
ing waa  driven  to  about  I  ft  below  the  street  grade,  end  the  lower 
«nd  was  from  2  ft  to  4  tt  In  the  clay.  For  each  pile  a  hole  waa 
Jetted  to  the  clay  line,  and  as  soon  as  the  Jet  tube  was  pulled  out, 
a  pile  was  dropped  into  place  and  pulled  over  the  tongue  ot  the 
previous  pile.  Fxcellent  alignment  waa  obtained  by  using  a  "buck 
line"  to  hold  the  sheeting  In  place  while  being  driven.  In  this 
case  the  "buck  line"  consisted  of  an  old  cable  having  a  loop  at  one 
end  to  go  over  (he  head  of  the  pile,  the  other  end  ot  the  cable, 
after  passing  through  a  couple  of  snatch  blocks,  being  attached  to 
the  hoisting  engine. 

From  TE  to  110  piles  were  driven  In  eight  hours,  the  numher  de- 
pending somewhat  on  the  character  of  the  ground;  SB  piles,  how- 
ever, were  considered  e.  fair  day's  work. 


1028  HANDBOOK   OF   COST   DATA. 

Tite  pile  driving  crew  and  their  rate  of  wsgea  were  Ba  (oIlDm : 

1  foreman,  11 00  per  month t  4TlC 

1  l«t  man,  (S.EO  per  day 3.E0 

2  fadde     * -    '--  '"" 


_  -idder  men,   tS.EO  per  day G.. 

2  wlDch  men,   13.00  per  day S.OB 

1  pile  man,  J2.T6   par  day 2.TB 

1  enslnn  man,    M.So  per   day 4.St 

1  (Ireman,   tZ.7S  per  day t.TE 

4  laborers,  t^.SO  per  day 10.00 

t  caijwntera,    14. ZO  per  day g.40 

Total   labor  per  day t47.S« 

1  ton   coal    2.90 

Total.  1D.2  M.  at  tS tSO.Ifi 

An  average  of  SB  piles  per  day  were  drlTen,  wblch  Is  eonlTalmt 
to  about  4t.G  ft.  of  trench  piled.  This  was  at  the  rate  of  tl.ll  per 
foot  of  trench  tor  the  labor  coat.  The  labor  coat  per  pile  was  GE 
cents.    The  bill  of  material  required  for  85  ft.  of  plUns  waa  aa  fol- 

10.2   H  ft.,   !   Ina   X   It   Ina   i   ID   ft   timber. 

at   tZG    tlSE.OO 

SEO  ^ilkea,  at  %1M  per  100 lI.Et 

Total     t2TT.EI 

From  the  above  It  will  be  seen  that  the  total  cost  for  material 
and  driving-  was  |3.gE  for  each  pile,  of  which  tO.GS  was  for  labor. 
The  labor  cost  per  ),D00  ft.  B.  U.  of  ptllng  waa  about  ttt. 

Coat  of  Plllna,  Crosi  Referancea. — Data  on  wooden  piling  wlQ  ba 
found  In  the  secclona  on  Bridges,  Railways.  Sewera  etc.  Data  on 
concrete  plleH  will  be  found  in  the  section  on  Concrete  and  on 
steel  piles  In  the  section  on  Steelwork.  Consult  the  Index  under 
Pllea 

Estlmstlna  Coat  of  Brush  Revetment.— A  very  effective  method 
of  protecting  the  banks  of  a  river  from  tcour  Is  a  revetmaqt  COB- 
slstlng  of  a  brush  mattreaa  on  that  part  of  the  bank  below  extraoM 
low  water  and  a  stone  slope  wall,  or  hand  placed  riprap,  on  Um 
part  of  the  bank  above  low  water.  Brush  when  always  aubmarxad 
never  rots,  but  It  Is  uselesa  to  carry  It  much  above  low  water  for 
It  soon  decaya  Such  brushwork  Is  a  sort  of  tlmberwork,  and  la 
therefore  placed  In  this  section  of  the  bo<dL 

Bnglneera  very  commonly  record  coats  of  revetment  In  the  tema 
of  the  lineal  foot  of  bank  as  the  unit.  and.  while  such  a  unit  la  da- 
slrable.  It  Is  more  Important  to  reduce  the  coata  of  the  mattreaa 
either  to  the  sQuare  (100  aq.  ft.)  or  to  the  square  yard  aa  the 
unit,  for  widths  of  mattresses  vary  greatly.  So  also  should  tha 
coat  of  the  slope  wall  or  slope  pavement  be  reduced  to  the  squar* 
yard  and  the  cubic  yard  measured  In  place  In  the  slope  wsIL  Whlla 
data  are  given  In  the  following  pages  aa  to  tb*  cost  of  slope  wall 
paving,  the  reader  should  consult  the  section  on  ICaaonry  for  mot* 
complete  discuBilon  and  data. 

In  making  roughly  approilmato  estimates  It  may  be  wall  to  re- 
member Chat  rough  slope  wall  paving  seldom  costs  more  than  t2.M 
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per  cu.  yd.  In  place  (auIuB  ttone  mutt  be  brought  long  dlatancei}, 
eiDd  that  a  thlcknesa  of  8  Ina.  ordlnorEly  outDces,  thus  gXviiiK  a,  cost 
ol  BD  ctB.  per  aq.  yd.,  but  when  BtoQe  Is  Bocured  near  the  work  nur 
Dot  cost  10  cts.   per  sq.  yd. 

Brush  mattresses  can  ordinarily  be  made  and  ballasted  with 
Mone  for  about  the  same  cost  per  square  yard  an  a  rough  stono 
stops  wall,  that  Is  for  50  to  ID  cts.  per  sq.  yd.,  as  a  rather  hlsfa 
cost,  to  10  eta  per  sq.  yd.  aa  «  low  cost  attained  only  when  brush 
and  stone  for  ballast  are  near  at  hand.  However,  rou^h  estimates 
of  this  kind  n«ed  not  be  made,  since  the  following  pages  give  all 
details. 

Cost  a1  Brudt  Msttrew  snd  Slope  Wall,  Missouri  Rfvsr^Ur.  W. 
It.  De  Witt  gives  the  following  relative  to  bonk  revetment  built  In 
1901.  on  the  Hiiaourl  River,  by  the  company  forces  of  the  Chicago 
ft  Alton  Ry.  In  general  the  work  was  similar  to  that  done  by  the 
Oovemment. 

The  river  blulls  were  flrst  graded  to  a  slope  of  1:2,  using  a 
water  Jet.  A  barge  carrying  a  force  pump,  delivered  water  through 
a  4'ln.  hose  at  100  lbs.  per  sq.  In.,  to  a  lU  or  IM  1"-  nozsia.  The 
nossle  U  fitted  with  a  lever  and  swivel,  the  pin  of  which  Is  dropped 
Into  a  piece  of  Iron  pipe  prevtously  driven  In  the  ground  at  the 
top  of  the  bank.  This  gives  the  nosxleman  full  control  Two  labor- 
ers Bhift  the  hose.  When  the  upper  bank  is  graded  and  most  of 
the  earth  thrown  out  Into  the  river  current,  the  nonle  Is  moved 
down  the  slope  near  the  water  surface,  and  the  grading  continued 
under  water.     The  gang  thus  engaged  Is  as  follows ; 

1  englneman     I  !.T6  ' 

1  fireman    l.BO 

1  watohman    I.tB 


t  laborers,  at  fl.SE l.GO 

,       Total     tlO.26 

Fod  and   supplies 2.IG 

Grand  total,  800  cu.  yda,  at  1^   eta ttZ.EO 

I  h&ve  assumed  the  individual  wage^  but  the  totals  are  aa  given 
b7  Mr.   De  Witt. 

Thla  crew  graded  100  lln.  feet,  of  bank  about  GO  ft  wide  (about 
800  cu.  yds.)  per  10  hr.  day.  Hence  It  costs  (l.ZG  per  lln.  ft.  for 
grading,  which  Is  an  amaslngly  low  cost 

The  grading  was  followed  closely  by  the  work  of  weaving  a 
wtUow  brush  mattress  80  ft.  wide,  SZ  ft.  of  which  were  under  wa- 
ter when  it  was  sunk.  Two  barges  ID  ic  BO  ft  were  ladled  end  to 
end,  and  a  platform  and  set  of  ways  built  on  them.  Another  barge 
loaded  with  brush  furnished  the  supply  of  wlUawa  The  weaving 
Is  done  on  the  Inclined  ways.  When  the  top  of  the  ways  Is  reached 
the  men  lift  the  mattreaa  and  allow  the  boat  to  drop  down  stream 
nntU  the  edge  of  the  mattress  Is  at  the  foot  of  the  ways,  and  so  on. 

The  brush  la  I  to  S  in*,  dlam.  and  16  to  IB  ft  long,  and  la 
woven  In  and  out,  bundles  ol  wlUows  being  grouped  together,  a> 


J050  HANDBOOK   OF   COST   DATA. 

Id  bmldlnir  hatr.  The  >tltch  ta  Ilka  that  on  &  cane  aeated  cbatr.  The 
mUtrew  li  12  Ina.  thick,  and  has  a  KtvedB«  on  both  rOge^  It  Is 
strengthened  and  held  In  place  br  Vlre  cnblei.  Five  patn  of  K-lD. 
Kalv.  cablea  run  lonKltudlnally  <up  and  dawn  Btream),  tins  cable  ot 
each  pair  under  the  mattreas  and  one  on  top,  and  a  single  cable  U 
nin  along'  the  Inahore  eelvedKe.  BImllar  pairs  of  cables  are  trane- 
vera«l7  at  Intervals  It  (t.  8  Ins.  (one  under  and  one  on  top},  and 
are  carried  up  the  bank  and  anchored  to  deadmeo  at  the  top- 
Where  the  longitudinal  and  transverae  cablea  cros^  an  Iron  clip  la 
uaed  to  fasten  (hem  together.  The  clip  consists  of  two  T/IG  In. 
bolta,  each  bent  at  right  angles,  and  the  threaded  end  ot  one  bolt 
passing  through  a  loop  in  the  end  ot  the  other,  a  nut  on  e&cb  aerr- 
InK  to  bind  them.  Before  Cistaiilng'  the  dips,  the  slack  Is  taken 
«ut  of  the  cables  with  block  and  tackle. 

The  gang  engaged  In  maUiMr  the  mattress  waa  aa  toUowa: 

1  foreman. 
10  laborei-H  akllled  In  weaylog. 
10  brush  pasnera 

1  band  brush   to  brush  passers. 

G  laborers  handling  cables. 

S  laborera  digging  imd  fllltng  holes  for  deadmen. 

I  water  boy. 

SI  total. 

These  men  averaged  fl.iiO  each  per  dar,  or  1(9. SO,  and  ttief 
built  90  lln.  ft.  of  mattreaa.  8fl  ft.  wide,  or  T.T40  sq.  fL  per  day. 
Hence  eacb  man  averaged  I3E  sq.  ft  per  dar,  at  a  cost  of  tO.tt 
per  100  to.  (t. 

A  barge  load  of  stone  Is  swung  across  the  mattreM,  and  stones 
weighing  100  to  200  Iba.  are  distributed  over  It  and  It  la  nnk.  A 
gang  of  30  men  empty  a  ttarge  of  ISO  cu-  yds.  of  stone  In  S  hrs, 
which  sinks  200  lln.  ft.  of  mattress  This  la  at  the  rate  of  IIK 
cu,  yds.  of  stone  per  man  per  10  hr.  day. 

The  Inshore  edge  of  the  mattress  Is  then  lllled  with  spalls  for 
the  distance  that  Is  3  ft.  above  low  water  and  S  ft.  l>eIow  low  water. 

The  slope  wall  paving  la  begun  at  a  point  Z  ft  above  high  watR. 
and  shingled  down  the  slope,  reversing  the  usual  practice  of  be- 
ginning at  l)ottom  and  moving  up.  The  reason  for  this  Is  that  the 
atonea  thus  lean  away  from  the  river,  and  they  catch  and  hold  all 
sediment  aa  the  river  rises  and  falla  The  stone  Is  delivered  In 
barges  and  wheeled  In  barrows  up  runways.  The  stones  are  •> 
tilted  that  the  wall  la  about  8  Ina  thick  at  the  top  of  the  bank  and 
18  Ins.  at  the  water's  edge.  The  paved  slope  Is  6*  ft  long,  and  the 
following  BBJig  win  pave  100  lln.  ft,  or  fi,400  aq.  ft,  OT  800  sq.  ydk 

4  pavers,    at    HiO tlO.Oo' 

ZB  men  loading  and  wheeling,  at  tl.GO 41.00 

Total    tEl.Oe 

Tha  average  thickness  Is  >  Ins.,  hence  lEO  cu,  yds.  of  Mone  «r« 


cu.  ydi.  stone  at  |1  dellv tO.TG 
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laid  by  this  gang  p*r  day,  at  a  labor  cma  of  I  ct>.  per  sq.  yd.,  or  3S 
eta  per  cu.  yd.,  or  tl  per  100  an.  ft.  The  work  1b  very  rough,  no 
stona  dreaaliiK  beinc  required,  as  la  evident  from  the  fact  that  each 
of  the  4  pavers  lays  Sg  cu.  yds.  per  day. 

Over  the  pavement  la  spread  a.  Z-ln.  layer  of  spalls  or  crushed 
Monek  flUtnK  all  cracks  to  prevent  washouts  from  surface  drainage. 

The  tollowlnK  WBH  the  average  cost  of  8,2B0  lln.  ft.  of  bank  revet- 

Oradino   Banlc: 

Labor     10.10 

Fuel,  etc 0.08 

Total  grading  bank  tO.lS 

"Weaving  Mattreat  (SS  ft.  wide): 

0.8  cordiVuih  at  |1,76  d«Uv tl.OS 

g   Iba.    K-lD.   salv.   cable   at  fO.Ol D.Sl 

U    iron    clip  at    (0.06 O.OS 

0.06  deadmen  (12x12  Ins.  x  4.  ft)  at  tl 0.01 

Labor O.SS 

Total  weaving  mattress t2.01 

Balloslina  Kaltrem: 

9.7B  cu.  -"'- "'  •■' 

Labor    . 

Total   ballasting   mattress tO.Sl 

Pavhts  Bank   («  ft.  taide); 

1.G  cu.  yds.  stone  at  H  dellv. tl.GO 

Labor 0.6a 

Total  paving  bank fi.Ot 

Bpaalt  <m  Pawmgnt: 

0.4T  eu.  yda  spawls  at  10.60 tO.24 

l^bor    0,16 

Total  Spawls   tO.39 

CMnerel  Bvptntr 

Administration    fOlS 

Care  of  plant  0.07 

Current  repairs  to  plant 0.02 

Hire  of  pkmt   100 

Surveys   O.OS 

Ice   O.Oi 

Towage,  other  tban  brush  and  stone 0.08 

Total  general  expense   tl,4S 

Orana  total  SB. SO 

Add  10%  for  conUngeades  (O.OS 

Total  for  estimate tT.4S 

nie  plant  consisted  of  a  grading  boat,  a  small  steam  boat,  a 
naattresa  boat,  and  six  barges  (2GxlO0  ft.)  If  alt  material  Is 
transported  by  steam,  as  was  the  case  here. 

Coat  of  Brush  Mattress  and  River  Bank  Revetment, — Ur.  Charles 
Ija  Vasseur  Is  authority  for  tbe  following.:  On  the  Mississippi 
River  brush  mattresses  are  now  used  only  to  protect  that  part  of  a 
bank  that  fs  under  water,  usually  (or  a  width  of  Z60  ft.    Then  the 
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bank  above  water  I«v«I  )■  graded  to  a  I  ;  1  alope  by  a  water  jet, 
and  paved  roughly  with  stone.  The  bruah  mattresa  la  woven  by 
men  working  on  scows,  the  bcowh  extending  out  Into  the  Tlver  250 
ft.  The  acowa  are  provided  with  "way''  on  which  the  mattreei 
reats,  and,  by  pulling  the  scowa  along  as  the  mattreaa  la  woven,  a 
contlnuoua  matlreaa  Is  launched  Into  the  river  alone  the  dwie; 
nie  bruah  la  made  Into  email  bimdlea  <10  or  12  Ina  dlam.),  or 
faaclnea  bound  with  No.  12  wire  (no  bruah  being  over  3  tna.  dlam.), 
and  these  are  laid  aide  by  aide  and  bound  with  {4  in.  ateel  wire, 
woven  In  and  out,  being  drawn  taut  by  a,  block  and  tackl&  On  toy 
of  the  mattreas  arj  placed  rowa  of  polea,  16  ft.  apart,  CKtendlng  Dp 
end  down  stream.  They  are  laahed  to  the  faaclnea  with  No.  7  aOi- 
con  bronxe  wire  every  6  ft.,  and  at  Intermediate  points  with  ated 
wire.  These  poles  prevent  the  stone  ballaat  from  allpplng  oft  tba 
mat  when  It  Is  sunk  on  a  steep  alope.  Rock  la  wheeled  onto  Ibc 
floating  mat  In  barrows  on  run  planks  from  stone  bargea.  TlW 
materials  and  labor  per  lOO  sq.  ft 

I.G  corda   brush. 

0,48  cords  poles. 

0.75  cu.  yd.  stone. 

3  lbs.  No.  12  galv.  wirft 
E  lb&  U  In.  galv.  wire  strand. 

4  lbs.  G/18  in.  galv.  wire  strand. 
1  lb.  U  In.  galv.  wire  strand. 
l.aS  clamps,  S/16  In. 
O.IE  clamps,    ^    in. 
O.S  day  labor  building  and  sinking. 
It  costs  about  16.80  per  100  aq.  ft.  of  this  n 

per  lin.  ft.  of  river  bank,  the  mattresa  being  ZGO  fL  wide.  In  addi- 
tion It  coats  I1.2G  per  lln.  fL  of  bank  to  grade,  with  a  hydraulic  iet. 
the  bank  above  the  water  edge.  The  hydraulic  grader  la  a  barge 
carrying  a  pumping  plant  discharging  2.01)0  gats,  per  min.  under 
pressure  of  170  Iba  (125  lbs.  at  the  no»le}  through  a  4  In.  base 
to  (1>4  or  m  In.)  noulea  This  grading  of  the  upper  bank  la  not 
done  till  the  mattress  ta  sunk.  Then  the  upper  bank  Is  paved  with 
0.3  cij.  yd.  of  stone  per  sq.  yd.,  at  a  cost  of  |10  per  lln.  ft.  of  bank. 
This  makes  the  total  cost  t2S,25  per  lln.  ft  of  bank. 

In  grading  the  bank  the  noiile  Is  handled  by  men  on  top  of  One 
bank,  directing  the  Jet  downward,  and  It  .cuts  the  slope  as  true  •* 
If  It  had  been  planed. 

Cost  of  Brush  Revetment  Ballasted  With  Concrete.*— The  Depart- 
ment of  Engineering  of  the  State  of  California  Is  now  using  a  type 
of  dexlble  revetment  as  a  protection  to  river  banka  that  Is  itulte  a 
departure  from  the  kind  previously  employed  by  the  department 
The  method  that  was  formerly  used  was  to  make  a  mattraeB  ol 

*E»glneerlno-CotitracUne,  Mar,  2i,  1909. 
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bnuAi  taadneB  tuuallr  woven  with  irlre  or  cable,  and  wslgtated 
down  with  loose  rock  laid  on  top  at  the  mattTesa.  I(  the  alope  of 
the  bank  below  the  water  Une,  where  It  could  not  be  graded,  wa> 
■teeiik  no  rocks  would  He  lo  the  mattreaa.  Should  erosion  take  place 
at  the  lower  edce  ol  the  mattreu,  the  latter  would  drop  down,  the 
rocks  roll  off  and  then  the  raah  would  rlee  with  the  water,  be  torn 
loo«e  and  carried  away. 

The  type  of  revetment  now  constructed  by  the  Department  of 
EhiglneeiinK  developed  from  h  plan  orlKlnated  by  Nathaniel  Eniery, 
state  engineer,  and  was  mccessfully  uaed  by  him  In  bonk  protection 
work  along  the  Bel  river  in  Humboldt  county,  Callfomla. 

The  plan  consists  of  a  mattress  composed  of  brush  fascines  t  to 
12  Ins.  In  diameter  and  about  20  fL  long,  bound  with  wire.  Tbeae 
fascines  are  laid  double,  breaking  Joints,  and  woven  over  and  under 
with  three  galvanised  wire  "strands"  or  cables.  14  In.  In  diameter. 
Oalvanlsed  anchor  cables.  K  to  1  In.  In  diameter,  are  laid  on  the 
slope  extending  from  the  barge  floating  In  the  stream  to  upon  or 
over  the  levee  to  a  safe  point  where  a  line  ot  concrete  blocks  Is 
•unk  In  the  soil  and  connected  by  a  H  to  %-ln.  diameter  galvan- 
ised cable.  These  anchor  cables  are  fastened  to  the  line  attaching 
together  the  line  of  "deadmen."  or  as  called  by  the  department,  an- 
cbor  blocka  The  anchor  cables  are  spaced  about  S  ft  centers  and 
are  attached  on  thfe  water  end  to  a  line  of  cable  passing  through 
heavy  concrete  blocks  made  on  the  barge.  These  concrete  blocks 
are  called  by  the  department  sinker  welghta  After  this  skeleton  at 
cable  and  concrete  work  la  set  and  ready,  the  mattress  Is  woven 
on  top  of  these  cables  and  the  mattress  Is  tied  or  laibed  to  the 
anchor  cables  beneath  the  mattress  every  8  ft.  After  the  mattress 
Is  woven  to  its  desired  width  another  cable  %  In.  hi  diameter  and 
galvanlied,  is  drawn  down  over  the  mattress  directly  over  the  an- 
chor cable.  It  Is  fastened  to  the  anchor  cable  at  A  or  S-ft.  Intervals 
throngh  the  brush.  The  ends  of  this  top  cable  are  fastened  to  [he 
anchor  cable  on  the  land  end  by  a  cable  clip  Just  above  the  brush 
mat  and  the  water  end  is  made  long  enough  to  reach  the  sinker 
block  where  it  Is  fastened.  Also,  ]ust  at  the  water  edge  of  the  mat 
the  anchor  cable  and  the  top  cable  are  fastened  together. 

Above  the  water  the  mattress  Is  woven  In  place  on  the  ground 
Which  has  been  prepared  by  grading  to  a  uniform  slope.  When 
the  water's  edge  Is  reached  the  weaving  takes  place  on  the  cables 
■upended  over  the  water  by  placing  planks  on  the  cables.  The 
barge  Is  held  od  shore  by  spars  or  struts  which  are  held  taut  by 
rtiore  lines  to  the  barge.  After  the  mattress  Is  completely  woven, 
bloAs  of  concrete  2  or  I  ft  square  and  from  6  to  IS  Ins.  thick  are 
placed  on  the  mattress,  the  siu  and  distribution  of  which  depends 
upon  the  figured  buoyancy  of  the  brush  and  the  force  of  the  cur- 
rent to  be  resisted.  These  blocks  are  molded  In  place  on  the  mat- 
tress and  thoroughly  fostened  on  the  top  cable  usually  with  a  turn 
or  knot  of  the  cable  flrmly  embedded  In  the  concrete.  When  the 
MBt  Is  thus  mode  ready  the  barge  Is  shoved  away,  permuting  the 
stnicture  to  sink  and  conform  to  the  bank  elope.     The  mattress  so 
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made  will,  because  of  Its  flexibility,  conform  lo  the  variation*  In  Dm 
alope  of  the  bank  below  the  water  where  it  could  not  be  srsdML 
Should  the  current  cut  under  the  edge  of  the  mattress  the  welitiu 
will  drop  dawn,  carrying  the  mattress  down  hb  the  earth  Is  washed 
away,  and  all^mattrcss  and  welghtlitK — being  secured  by  mbles 
to  the  ttnchorage  on  ahore,  will  continue  to  hang  over  the  bank  Ilk* 
a  curtain.     No  welghtB  can  roll  off  and  releaae  the  brush. 

This  type  of  revetment  was  used  on  Sherman  Island  In  two  places 
Where  the  ehore  had  been  eroded  by  waves,  and  successfully  pro- 
tected the  bonh.  The  revetment  on  Sherman  Island  coudsted 
of  a  mattress  of  willow  brush  In  two  sections,  ITS  ft  and  85!  tt  In 
length,  making  a  total  length  of  SZ8  ft.  The  average  width  wai 
75  ft,  and  the  average  thickness  IS  1ns.  The  superOclal  area  wai 
4.400  w.  yds.  and  the  cubic  contents  1,984  cu.  yds.  A  total  of  IS! 
cu.  yds.  of  concreT.e  was  used.  The  mattress  was  built  from  a  bargt^ 
the  upstream  sections  overlapping  the  pi'evlously  laid  section  down 
stream.  The  work  was  done  In  1808  by  contract  on  the  basis  ot 
cost  plus  8  per  cent    The  cost  of  the  work  was  as  follows : 

Cost  or  Krfmatrt. 

Per  Per  Per 

Total,     cu.  yd.  >q.  yd.  lln.  ft 

LalMr    t    224.70         10.113  (O.DEl  I(.41t 

Brush     1,489.70              .760  .3J8  J.«5 

Cable    and    clips 903.84               455  .105  1.74» 

Equipment     Ot-10              .048  .021  .181 

.-. »_  iiiioc  ass  .301         ISIS 

.037  .017  .141 


aiB.40 

Grand  total    (4,810.89  ti.nS  10.983         |8.I]1 

In  addition,  grading  Costing  |76,  or  10.017  per  sq.  yd.  of  mattre«s. 
was  done.  Thla  makes  the  total  cost  of  the  revetment  14,391.19, 
or  tl.OO  per  eq.  yd. 

The  Item  labor  Is  for  the  mattress  work  and  covers  7IG  hra.  of 
work,  or  30  hrs,  per  cu.  yd.  of  revetment.  O.IG  hr.  per  nq.  yd.  and 
1.3B  hrs.  per  Un.  ft  Labor  was  paid  13.50  per  day  of  B  hra.  Ths 
Item  brush  Is  fur  1,933.»B  cu.  yds.  of  brush  at  7B  cts.  per  cu.  yd. 
The  item  cable  and  clips  In  for  37,ST6  ft  of  cable.  The  Item  equip- 
ment  covers  (he   following  Hems: 

Barge  hire  and  watchman I17O.00 


Watphmi 

elephone  calla. 
Total     M»7.81 


barge,  checking  gravel,  e 
'    telephone  calla,  etc 


This  total  was  dlstrlbutad  over  the  revetment  work  pnq>er  and 
the  concrete  work.  The  barge  hire  and  watclunan  for  barga  coat 
tlO  per  day  and  It  cost  tlO  tor  tonnage  to  the  barge.  The  Item 
Inspection  covers  surveys  and  Inspection  and  was  spread  over  Um 
t  work  proper  and  the  Ci 
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The  Itemlced  cost  of  the  concrete  was  as  followB : 

TotaL         Per  cu.  yd. 

Labor,  9SG  hrs. t    311. IB  fl.TiB 

Cement,    fl.ZT   per  bbL 30G.«4  l.SSG 

Gravel,   (1.26   per  cu.  yd 218.00  l.Zll 

Lumber  and   nails    B4.07  Aii 

Equipment     201.22  l.ljg 

InBi>ectlOD     103. BE  .RTG 

Contractor' a  commtsalon   89.(0  .498 

Total     tl,3I3.3G  17^291 

Another  nexLble  bruih  mattress  was  placed  on  Brannans  Island, 
tbe  work  being  done  t>y  contract  on  the  basis  ot  cost  plus  B%. 

The  revetment  consisted  ot  a  mattress  o(  willow  brush  In  three 
aectlons,  3,620  tt.,  IST  tL.  and  ITE  It.,  respectively ;  total  length, 
1,982  ft.;  average  width,  ICH  ft.;  average  thickness.  14  ln& :  super- 
ficial area,  i1,B92  eg.  yds; ;  cubic  contents,  S,E8S  cu.  yds.  This 
mattress  was  built  from  a  barge.  In  sections  2IG  fL  in  length,  the 
up-etr«*m  sections  overlapping  on  the  previously  laid  section  down- 
stream. The  concrete  used  was  TOO  cu.  yds.  The  unit  cost  of  the 
work  was  as  follows: 

CONCBVTB. 

Total  cost.      Cost  par  cu.  yd. 

I^bor     11,287.01  J1.830 

Cement     1.101.29  1.BE9 

Oravel    884.35  1.236 

Lumber   and    oails 874.91  0.G3B 

Equipment     I.ISS.ZG  1.711 

Inspection     882.*2  0.37B 

Commission     882.80  0.54T 

Total     tS,ESS.09  17.901 

Rkvbtiibnt. 

Total  cost.     Cost  per  cu.  yd. 

Grading   t       229.G9  10.010 

Labor    HU.33  0.O64 

Brush    8,440.61  0.293 

Cable  and  dips G.727.24  0.382 

Equipment     1,281.32  0,056 

Concrete     6.B31.09  0.26B 

Inspection     202.41  0.012 


Total 122,081.38  (1.004 

At  Merkeleys.  a  revetment  was  constructed  to  protect  a  Hver 
bank  which  had  begun  to  cave  badly.  The  work  was  done  In  ISOg 
by  contract  on  the  basis  of  cost  plus  8%.  The  revetment  consisted 
of  a.  matT-resB  of  willow  brush  in  tour  sections,  aggregating  TT4  tt 
The  average  width  was  40  ft  and  the  average  thickness  was  8  Ins. 
The  superflclal  area  was  8,440  sq.  yda  and  the  cubic  contents  1.912 
cu.  yds.  The  concrete  amounted  to  14G  cu.  yds.  The  method  of 
construction  was  Ibe  same  as  at  Brannans  Island,  previously 
mentioned. 
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The  unit  costs  of  the 

CONCIl»rB. 

ollowa: 

ill 
'!:!! 

10  .00 

tl,4£3.Cl 

Total. 

•ii;!: 

»9».00 

P.r„.rt 

Equipment    

J 

RETKTHaNT 

(oloiiB 

Cable   and    clips 

Equipment    .... 

:SIIS 

m*t 

Total     f  E.ITT.IB  fl.Stl 

A  almllar  revetmerT  was  alio  constructed  In  connection  wlUi  tha 
work  of  closLng  a  break  In  a  levee  on  the  Kripp  Farm  In  the  dtf 
of  Sacranienlo.  The  Work  of  closing  the  break  In  the  levee  was 
done  by  day  labor,  the  state  en^neer'B  department  hiring  a  dredga 
and  crew  at  (ISO  per  day  at  S2  bra.  The  levee  required  to  close  tbe 
break  was  1.600  ft.  long.  24  It  iDBKlmum  helKht  and  IS  ft.  iTtde  on 
top.  containing  102.189  ctu.  yds.  of  eaiTth.  The  actual  cost  ol  build- 
ing the  levee,  including  superintendence  and  InqkecUon  wu 
tE,E6T.S4,  or  EU   cts.  per  cu.  yd. 

The  revetment  was  built  by  contract  on  the  basia  of  cost  plot 
10%.  It  consisted  at  a  mattress  of  wlltow  brush,  TIO  fL  long.  40  ft 
wide  and  IZ  Inn.  thick.  The  superficial  area  was  3,400  sq.  Jda. 
and  the  cubic  consent  was  1.1T2  cu.  yds.  The  concrete  used  aiDonBt- 
ed  to  100  cu.  yds.  The  mattresa  was  made  on  the  bank  and  in 
place.    The  unit  costs  of  the  work  were  as  follows: 

Total  cost.     Cost  per  cu.  yd. 

Labor    iai7.0S  IS.47 

Cement    1S3.7»  |l.(4 

Oravel     IIE.OO  I.It 

Lumber    41. E3  0.41 

Equipment     111.28  l.Sl 

Inspection     36.04  O.IC 

Commission    Tt.SO  0.T3 

Total  mTii  lHJ 


RBVBrMBHT. 

Total  c< 


.       .  831.06 

Cable  and  clips   618.02 

Concrete    »U.31 

Inspection     148.00 

Commission    134.48 

Total    f3.7T3.)G 


^^41 
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Coat  or  Brurii  MattraiMi.*— Ma].  D.  Fitch  s\vea  the  loUowlng: 
BruBh  mattresKi,  rlpropped  with  atone,  were  used  to  protect  the 
bank  of  the  Upper  White  River,  Arkansas,  In  connection  with  bulld- 
Ihk  0,  timber  crib  dam.  The  coat  aZ  rlprapplDK  Is  given  In  detail 
In  the  section  on  Hasonry,  and  the  cost  of  the  Umber  crib  Is  given 
elsewhere  In  this  section.  Work  was  dona  by  Government  forces, 
laborera  receiving  JI.GO  per  8-hr.  day. 

The  following  was  the  cost  of  the  protection  mattress  work: 

PBcmcTioN  UAiTBEsa   [293  Sq.  Tdb.}. 

Unit  cohL  Total.  Per  sq.  yd. 

RIpmp,  31D  ctL  yds. fS.TI  %2il  tO.SOS 

Inspection  of  riprap,  320  cu.  yda 008  S  .010 

Cutting  and  hauling  brush,  IGS  cords. . .    l.SES  SBZ  .SSI 

Weaving  and  nlDbliiK,  2»3  sq.  yds. 1.344  391  1.144 

Total     t91E  13.124 

Hie  total  labor  time  for  cutting  and  haullnR  160  cords  of  brush 

waa  IBO  days,  the  work  done  per  man  per  day  being  1.09  cords; 

tbe  total  labor  time  for  weaving  and  tinklng  !S3  sq,  yda  of  mat- 

treoa  was  ZZ3  daye,  the  .work  done  per  man  per  day  being  1.31 

gq.  yda 

VO  Ft.  Bank  lUvftment. — This  work  Included  the  construction  of 

200  brush  mat^  the  grading  of  the  bank  and  paving  It  with  riprap, 

tha  CDBt  of  the  various  items  being  as  follows : 


_^£riui)t  VattrsM.'  Unit  cost.      1'otal.       sgua 


Wire,    etc.    |10S 


Riprap,   338   cu.   yds. _ __.            

CuUlng  and  loading  brush,  t%9%  daya 531  Z.GO 

WwTlng  and    slnUng,    ili^    daya 38T  l.»8 

InipectGig  )3S  ciL  yds.  riprap,  4  days T  .... 

Total,    300   squAres tl,3Sl  SS.40 

Work  done  per  man  per  day  waa  0,93  aouorea  wove  Q.nd  sunk. 
Smnmary  for  4E0  It.  bank  revetment: 

Total         Unit  cost. 

BmA  nmttreeci  ZOO  aiiuarea 11,281  %tAO 

Grading  bank,    460   tin.   ft. 229  .61 

Blprapplng  bank.  1,044  cu.  yds. 1,000  .9t 

A  total  of  4S0  lln,  ft  of  bank  waa  graded,  the  total  lalxir  time 
being  1Z3  days  at  a  cost  of  1229  or  fO.El  per  lln,  fL  E^ch  man 
graded  3.8  lln.  ft  of  bank  per  day. 

Sununariiing  we  get  the  following  aa  tbe  cost  of  the  450  ft  revet- 

Bniah  matirea*  fl.181 

Grading  bank    339 

Favlng  bank   1.000 

Grand  toUl,   4^0  tin.  ft,  at  16,68 fZ.ElO 

C«at  of  Mattraas  and  «l^e  Wall,  M.,  K.  &  T.  Ry-t— Mr.  R,  M. 
OMTstt  ta  authority  for  tbe  following  r 
Tbe  revetment  put  in  by  the  Missouri,  Kanaaa  A  Texaa  along  the 

•Sa^fiteertMp-CcmtraetfHff,  May  8,  1908,  p.  284. 
tSi(tf4iieerfiitf-(7onmtcK«0,  March  31.  1909. 
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Ulaaourl  RIvar,  for  abora  protection,  la  built  like  tliat  alone  tin 
HiMourl  River,  which  have  been  put  In  br  the  Uaaourl  River  Com- 
intwlon,  and  av«niKeB  about  «0  ft.  In  width.  The  Orat  work  put 
In  by  thlB  company  wbh  during  ISBT,  and  extends  trom  the  Mtft  cllr 
limits  of  St.  Charles  down  the  river  for  S,ODD  tt.  A  rock  dike  vai 
first  built  out  Into  the  river,  and  a  boom  made  of  heavy  tlmberi  wai 
anchored  to  the  lower  aide  of  the  dike,  and  laid  parallel  with  It. 
From  this  boom  the  mat  was  Btartad,  havIiiK  Its  tuU  width  at  tbe 
beglnnlnK.  The  mat  was  first  woven  and  sunk,  and  then  the  bank 
was  sraded  by  hydraulic  power  to  a  slope  of  1  to  1,  and  thea 
paved  from  the  lop  down. 

In  1903,  work  was  extended  t.OOO  ft  down  the  river,  and  was 
done  in  the  same  way  as  the  flrst  section,  with  the  exception  that 
the  mat  was  anchored  at  tbe  startlnK  point  with  piles  Instead  of 
the  boom. 

In  ISOe,  revetment  was  a«aln  extended  7,100  ft.  On  this  last 
section  tbe  bank  was  graded  to  a  slope  of  tU  to  I  In  advance  ot 
weaving  the  mat,  as  considerable  trouble  had  been  experienced  on 
former  work,  on  account  of  material  frcjm  the  bank  covMing  Uie 
mat,  BO  that  a  connection  between  paving  and  mat  could  not  be 
properly  made. 

Oradlng  on  this  section  was  done  with  a  Hnall  hoisting  enctna 
on  a  barge,  as  follows:  A  derrick  was  erected  tya  a  borce.  bavlng 
a  boom  long  enough  to  reach  the  top  of  the  bank  to  be  graded. 
a  No.  3  wheeler  semper  pan  was  pulled  along  th(a  bOMn  from  the 
barge  to  the  top  of  bank,  by  a  mule  on  the  bank,  and  was  heM  In 
place  by  two  men  and  tlUed,  and  then  dragKOd  down  the  bank  by 
the  hoiating  engine.  The  beginning  of  the  mat  was  andiored  to 
deadmen  on  top  of  the  bank  atMjut  ZOO  ft  up-stream,  and  weaving 
was  begun  about  100  ft.  back  on  the  old  mat,  so  that  the  full 
width  of  the  new  mat  was  gotten  where  tbe  unprotected  bank 
commenced. 

In  ISOB,  4,000  ft  of  revetment  was  put  on  the  north  aide  of  Ibe 
river  juBt  above  Boonvlilo  bridge.  At  Kingsbury,  there  Is  a 
Biding  on  the  west  side  of  main  line,  and  out  of  the  south 
end  of  this  track  the  Bpur  was  built  to  the  river;  this  required 
a  maUi  track  S.BOO  ft  In  length,  and  a  spur  trade  9W  R.  In 
length.  Track  was  laid  about  S  to  20  tt  from  top  of  bank 
bU  along  where  revetment  was  to  go  In.  so  that  rock  could 
be  unloaded  and  used  with  as  little  handling  a*  posalbla  TIm 
bank  was  first  graded  to  a  elope  of  iU  to  1  by  teams;  tbe  mat 
was  then  woven  and  mnk,  and  the  slope  paved  from  bottom  tip- 
It  Is  the  description  o(  this  last  section  that  will  be  given,  as  tbe 
only  differences  between  this  and  other  works  are  those  meo- 
Uoned. 

The  bank  was  about  18  ft.  higher  than  what  waa  taken  as  tlie 
average  tow  water ;  the  soil  Is  mostly  a  very  fine  Band  and  very 
little  gumbo ;  the  bank  was  dear  of  timber  and  brush,  but  there 
were  several  large  snags  where  tbe  mat  was  to  He  that  were  taken 
out  by  sawing,  blowlng-out  and  using  teams  and  line. 
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Bhovders  first  duK  along  the  top  ot  the  bank  and  ahoreled  down 
all  the  perpendicular  and  OTerhanKing'  points,  so  aa  to  make  It  safe 
for  a  mule  to  walk  alons  cloee  to  the  edge :  then  a  two-mule  team 
plowed  two  or  three  furrows  aa  close  to  the  edge  o(  the  bank  aa 
team  could  be  Kotten.  The  mules  were  then  hitched  to  a  "go-devll," 
cODstructed  of  two  1  t  10-ln.  plank  8  ft  long,  fastened  together  at 
tbe  front  end  and  flared  to  about  4  ft  at  the  bai^k  end ;  it  re- 
qnlrad  one  man  to  drive  the  mulea  and  one  man  to  weight  the 
draff.  This  was  then  run  along  the  back  side  of  furrows,  and  the 
looee  earth  shoved  toward  the  river.  After  the  bank  began  to  slope, 
two  or  three  "sllptf'  (drag  scrapers)  were  put  on.  and  the  bank 
brought  to  the  deBfred  slope. 

It  will  be  seen  that  only  about  half  of  the  material  In  slope  la 
moved,  as  the  excavation  makes  the  fill  and  doea  not  wash  away, 
BS  It  does  when  grading  by  hydraultca.  It  waa  found  that  with 
this  material  the  filled  portton  waa  as  solid  as  the  natural  surface. 
Grading  was  never  carried  further  than  100  ft.  In  advance  of 
weaving,  as  the  bargee  from  which  the  mat  was  being  woven 
would  protect  the  bank  from  the  current  for  this  distance. 

The  mat  was  woven  60  ft.  wide  with  a  selvage  edge  on  the  out- 
Mream  aide,  and  sunk  parallel  with  the  shore  with  the  Inner  edge 
about  3  ft.  above  the  average  low  water.  The  mat  was  atrength- 
•oed  with  five  double  rows  of  %-ln.  galvanized  steel  cable — T 
Mranda  of  No.  11  wire — laid  longitudinally  one  above  and  one 
below,  and  anchored  with  a  double  row  of  similar  cable  laid  trans- 
veraely  every  IG  ft.  and  fastened  to  deadmen.  burled  3  ft.  deep  and 
located  IE  ft  back  from  the  upper  edge  of  slope.  At  every  Inter' 
■ectton  of  the  longitudinal  with  the  transverse  rows,  the  four  cables 
are  fastened  together  with  a  K-In.  U  clip.  The  transverse  rows  are 
fastened  to  deadmen  by  wrapping  one  cable  around  the  deadman 
twice  and  then  fastening  It  to  the  other  cable  with  two  %-ln.  U. 
Clip.  The  deadmen  are  pile  butts  about  3  It,  long,  and  the  object 
In  fastening  the  cable  to  them,  as  mentioned,  is  to  allow  the  cables 
to  slip  when  loaded,  so  that  the  same  elrain  will  be  on  both 
the  imder  and  upper  cables.  The  wIUowb  were  cut  from  bank  of 
rtver  about  one  mile  above  the  mat.  and  were  hauled  by  wagons, 
hauling  about  1,S  cords  to  the  load,  Tbe  road  was  bad  at  times, 
and  It  required  e.  snap  team  to  pull  out  of  the  mudholes,  but  most 
ol  tho  time  the  road  was  In  good  shape.  It  required  0.6  cord  of 
brush  to  100  sq,  n.  of  mat ;   average  thickness  of  mat,  about  18  Ins. 

We«vlng  wa«  started  at  a  point  at  the  upper  end  and  gradually 
widened  out  to  full  width,  anchors  being  placed  for  longitudinal 
cables  In  the  top  of  the  bank  about  100  ft.  above  (he  upper  end. 
The  mot  was  woven  with  four  small  bags  fastened  together,  so  as 
to  make  the  desired  width.  Fingers  of  skids  were  buIH  on  barges 
out  of  S  X  12-in.  plank,  H  ft.  long,  and  spaced  6  ft.  apart,  extend- 
ing from  the  water  level  on  up-stream  side  to  an  elevation  of  3  ft. 
above  door  of  tiarge  at  a  point  about  3  ft  back  from  down-stream 
side.  Spools  of  cable  were  aet  under  the  down-stream  ends  of  the 
fingers  at  the  proper  posillon  tor  the  under  longitudinal  cables,  so 
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that  cable  would  unwind  as  the  barge  was  lot  down  strcain.  Tba 
bftrg«  was  anchored  at  the  shore  end  to  the  track,  and  at  the  upper 
end  to  the  mat  that  had  be«n  woven.  The  mat  was  woven  on  the 
bargs  as  high  as  the  flngers  would  permit,  and  cable  and  clip  men 
would  pull  the  under  cables  through  the  mat  br  means  of  an  Inm 
hook  about  2  ft.  long,  and  the  top  longlludiaaj  cables  were  nm 
under  these,  and  all  were  fastoied  together  vllh  a  %-ln.  cluntk. 
The  barge  was  then  pulled  from  under  the  mat  wllh  a  team,  and 
anchor  ropes  slacked  just  enough  so  that  about  S  ft  of  mat  would 
be  left  on  fingers.  Top  longitudinal  cables  were  cut  off  of  reel  od 
shore  In  lengths  of  about  100  ft  and  spliced  together  with  a  square 
knot  on  mat  as  the  work  proceeded. 

The  mat  vox  sunk  and  held  down  with  atone  welgfalog  trooi  l( 
to  EO  lbs,,  sjt  average  of  l.E  cu.  yda  of  stone  being  used  per  141 
sq.  ft  of  mat.  Rock  for  sinking  was  unloaded  from  cars  onto 
shoulder  of  elope  and  wheeled  In  wheelbarrewa  out  onto  the  barg^ 
anchored  lengthwise  across  the  mat,  and  dumped  along  the  edge 
of  barge.  The  mat  was  sunk  from  the  shore  side  out,  so  that  It 
would  settle  away  from  shore  and  the  transverse  cables  wonM 
tighten  up.  Sinking  was  kept  at  least  100  ft  back  from  weaTing 
barge  to  prevent  pulling  the  mat  off  of  barge.  When  the  wato' 
was  higher  than  the  proper  elevation  (or  .the  shore  side  Ot  mat,  it 
was  sparred  out,  so  that  In  sinking  it  would  settle  to  Its  pngier 
podtton. 

The  rock  tor  paving  the  slope  was  unloaded  from  cars  onto  sli^ie 
and  rolled  down  to  the  bottom,  where  paving  was  begun.  Paving 
Is  ID  Ins.  thick,  and  was  paved  from  the  bottom  up,  care  belns 
taken  to  fill  all  the  cracks  with  small  stone.  At  the  upper  edge  of 
paving,  apawls  were  piled  ha  aa  to  keep  the  surf  ace ,  water  fnon 
washing  under  the  paving  and  starting  it  to  roll.  As  long  as  the 
water  was  low,  a  good  connection  was  gotten  between  paving  and 
mat,  but  there  were  parts  of  this  work  that  were  paved  dming 
blgh  water,  and  the  rock  slid  In  afterward,  making  rqialrs  nsres- 
sary.  The  work  done  on  the  first  section  In  1B9T  Is  In  very  good 
shape  to-day.  The  mat  has  rotted  where  It  has  been  erposed  to  the 
air,  but  the  paving  Is  In  good  condition. 

There  have  been  some  slides  on  the  work  done  In  190S.  At  these 
places  it  was  found  that  the  rock  was  settling  under  the  edge  ot 
the  mat.  These  were  places  where  the  bank  had  washed  after  mat 
had  been  put  In,  and  the  mat  does  not  lie  up  on  the  bank  as  It 
Bhould. 

Considerable  trouble  has  been  experienced  on  account  of  the  eddy 
caused  by  the  end  of  revetment.  At  BoonvUle  bridge,  the  revet- 
ment ends  at  an  old  rock  dike,  and  no  difficulty  is  expected  at  that 
point,  but  at  all  of  the  other  places  It  has  given  trouble.  At  the 
end  of  the  work  done  In  1906  U  Is  probably  more  noticeable.  Ths 
revetment  at  this  place  was  ended  at  a  place  where  the  bank  ex- 
tended out  Into  the  river  400  or  GOO  ft.,  and  now  the  bank  is  lOD  ft 
further  In  than  the  reveti^ent.  and  the  revetment  baa  been  repaired 
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twice  on  accouDt  of  the  river  waahlDg  betalnil  the  end,  and  Bllovlnc 

tbe  rock  to  toll  In. 
The  coat  of  tbe  Boonville  revetment  (4,DD0  lln.  ft.)  la  a»  follows; 

Coat  per  linear  toot  for  OO-fL  mat;  banlu  18  ft.  above  low  water; 

laborers  paid  |1.B0  per  d^ ;    toreman,  S4,  and  teams,   tS.GC.      TbtS 

does  not  Include   Interest  on   Investment   or  make  allowances  for 

rainy  days  and  moving,  but  Is  the  actual  cost     The  contractor's 

proSt  Is  Included  In  the  track  work  only: 

Per  lln.  ft 

Grading  bank,  per  lln.  ft. (O-ISO 

Weaving  mat    0.410 

Sinking   mat 0-llQ 

Paving    slope     0.330 

Willows,    Including   cutting,   hauling  and   unloading, 

and   price   paid   landowner 0.340 

Rock,   at   fO.re,   delivered  on   Bite    (2.3   cu.   yds.   to 

the  lln.   ft) 1,730 

TTnloadlng    rock    0.120 

SpottlnK  cars  with  teams 0.001 

Hauling  deodmen  and  cable O.OIS 

Taking   out   snaga 0.030 

Cable  and  Clips; 


,210— J^-Tu.    clips,    I 

tl.lT3.2S 


74«— S-ln.    cUp^    at       .036 2«.16 

i7,lB0— 4S-in.   cable,   at    1.00.,  


Deadmen.  170,  at  O.GO  ^  IISS.OO. . 

Total     tB.467 

Track,  7,E0D  lln.  ft: 

lAbor,    grading.    Including   contractor^ 

proflt tl,GI1.90 

labor  laying   1,433.20 

Taking   up    1,000.00 

S4,0TE.)a 
Bridge   across   draw 400.00 

Tolal    track,    etc .- t4,E3E.10        1.140 

Orading  spur  to  quarry 193.60      0.074 

Total  per  lln.  ft I4.S71 

Eizchidlng  the  cost  of  grading  the  bank  and  the  cost  of  the  rock 
used  In  paving  the  bank  (but  Including  the  rock  used  In  ballasting 
the  mattress),  tbe  cost  of  the  mattress  was  as  follows  per  square 
of  100  Bil.  ft : 

Per  square. 

Willows,    0.0    cord J0.67 

Weaving  mat   0.68 

Sinking   mat    0.18 

Kock  tat  ballB«t,  1 U  cu.  yd.,  at  80.75 1.13 

Unloading  rock,  lU  cu.  yd.,  at  fD.06 O.08 

^ttlng   cars    with    team 0.03 

Hauling  deadmen  and  cable 0.D3 

Taking   out    snags 0.06 

Cable    and    clips O.SO 

Deadmen     0.01 

Total     18.81 

Tracks  bridge  and  spur,  per  1^  cu.  yd.  rock 0.80 

Total     14.11 
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The  last  Item  (tracks,  brldKe  and  >pur)  has  been  prorated  to 
atone  used  on  the  nukltress. 

The  slope  wall  on  the  bank  required  1.4  cu.  yds.  per  Iln.  fL,  betns 
IP  InB.  thick  and  measurlnK  4G  wide  nlonK  the  slope  The  rock 
cost  tO.TE  per  cu.  rd.  delivered  on  cars.  fO.oe  for  unloading;  and 
(CIS  (or  dellverInK  and  laying  It  on  the  slope,  or  a.  total  of  tO.SS 
per  cu.  yd.,  not  Including  the  coat  of  the  Item  of  tracks,  bridge  and 
atmT,  wblch  amounted  to  10.53  per  cu.  yd.  of  rock,  there  being  9,SM 
cu.  yda  of  rock  In  the  slope  wall  and  on  the  mattresa.  Adding  this 
lO.Ei  w«  have  a  total  of  tl.49  per  cu.  yd.  of  slope  wall,  or  11H  cts. 
per  sq.  yd.  10  Ins  Ihtck. 

It  will  be  noted  that  the  labor  on  the  T.EOO  Iln.  ft.  of  tnck  coat 
as  follows  per  Iln.  ft. : 

Per  Iln.  ft 

Orading    fO.ll 

L^lng    track     O.tO 

Taking   up   track 0.14 

Total    t0.tE 

Cost  of  Brush  Msttresses  and  Dikes.*— The  following  data  relate 
to  leveo  protection  work  at  the  West  Pass  Levee,  In  UlsslsrimL 
The  work  was  done  in  1304  by  Government  forces  and  conslsled 
of  the  construction  at  the  up-stream  end  of  the  leven  of  a.  paving 
covering  the  sloping  end  of  the  embankment  and  the  side  slopes  for 
a  distance  of  100  ft.  back  from  the  end  of  the  levee  crown,  to- 
S«lher  with  a  paving  60  fL  wide  on  the  natural  ground  surface  laid 
continuous  with  the  paving  on  the  slopes.  The  work  aJao  Included 
the  construction  ot  paving  on  the  down-stream  end  of  the  levee 
Elope,  beginning-  lOO  ft  bock  from  end  of  crown  on  lake  sldei  ex- 
tending around  the  sloping  end.  and  continuing  along  the  rlvar  >]<HW 
for  a  distance  of  E5G  ft.,  the  ground  surface  adjacent  to  the  paved 
slopes  being  covered  with  a.  mattress  8G  ft,  wide,  built  continuous 
With  the  paving.  On  the  up-stream'  end  the  paving  consisted  ot  rip- 
rap iQld  Close  by  hand  with  the  larger  voids  clinked  with  spalls. 
except  lor  the  sloping  end  and  the  adjacent  pavement,  where  tbs 
riprap  was  laid  on  a  3-ln.  layer  of  spalls.  Around  the  outer  edge 
of  the  paving  was  a  trench  si,^  ft  deep  tilled  with  selected  heavy 
riprap.  The  paving  on  the  downstream  end  was  similar  to  that 
described  above,  but  was  somewhat  lighter.  The  ripiap  was  IsM 
on  spalls  around  the  sloping  edges,  but  on  the  earth  slopes  far  the 
remaining  portions.  Rock  for  the  paving  on  the  up-stream  end 
had  been  unloaded  on  the  river  bank,  1,200  ft  from  the  end  up  the 
levee.  A  portion  of  the  rock,  however,  were  obtained  from  same 
temporary  work  done  the  year  previous.  The  rock  for  paving  and 
iMllast  at  the  down-stream  end  of  the  levee  had  been  unloaded  si 
a   point   about   700    ft.    from   the  work,    during   the   preceding  high 
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bf  wires  paulnK  throu^  the  brush,  and  eanied  about  8S  lbs.  of 
rtprap  ballast  to  the  square  foot-  In  B^dlcloa,  to  prevent  a  con- 
centrated  Bow  through  a  borrow  pit  In  the  river  Bide,  the  pit  was 
crosaed  by  a  series  o(  pile  and  brush  dikes  havliiK  their  crests  on 
t,  level  with  the  natural  ground  surface  adjacent.  The  dikes  were 
anchored  to  planks  burled  to  a  depth  of  l^  ft.  and  restlUK  on 
croBsbeads  nailed  to  plies,  which  were  set  .6  (t.  In  the  ground  with 
post-hole  diggers.  Scour  underneath  the  brush  tilling  of  the  dikes 
was  prevented  by  ballasted  foot  mats  around  the  polea 

Brtuh  (or  the  mattress  was  cut  at  a  point  about  four  miles  from 
the  work,  and  was  hauled  by  teams  to  the  canal  bank,  whence  It 
was  towed  by  a  snagboat  to  the  levee.  This  barge  was  also  used 
for  Quarters  tor  the  cutting  party.  Piles  for  the  dike  were  obtained 
In  a  willow  flat  about  7,000  fL  from  the  work.  Brush  niling  (or  the 
dikes  was  obtained  from  the  same  wlUow  flat,  80  cords  being  cut 
from  the  ground  adjacent  to  the  work  and  ,100  cords  from  a  point 
about  <,000  (L  north. 

The  work  was  greatly  handicapped  by  scarcity  of  labor,  and.  tn 
addition,  being  low  water  while  the  towing  was  In  proBress,  the  Sat 
fore  shore  of  the  willow  flat  held  the  barge  aomo  distance  from  the 
water's  edge,  necessitating  a  long  carry  and  making  this  feature 
o(  the  work  slow  and  eipendve.  The  lack  of  a  proper  number  of 
barges,  and  of  labor  to  load  and  unload  them  promptly,  rendered 
It  Impracticable  to  keep  the  snagboat  steadily  employed  In  towing. 
though  It  was  necessary  to  keep  her  constantly  In  commission.  This 
still  further  Increased  the  cost  o(  brush  and  poles  delivered  at  the 

Part  of  the  men  employed  In  the  work  were  paid  |1.2E  per  8-hr. 
day.  and  part  were  subsisted  laborers,  receiving  %Z<I  per  month  and 
rations;  this  latter  amounted  to  32 ^  eta  per  day.  Including  the 
cook's  and  waiter's  "wages.  Subsisted  labor  was  principally  used  In 
cutting  the  brush  for  the  mattress,  and  In  loading  and  unloading  It 
from  wagona  About  half  of  the  loading  and  unloading  of  the 
barges  was  also  done  t>y  subsisted  labor.  Teams  Including  driver 
and  wagons  were  secured  at  t3>00  per  S-hr.  day  for  hauling  at  the 
place  where  the  mattress  brush  was  cut.  For  hauling  at  the  down- 
stream  end  of  the  levee.  88.60  per  day  was  paid  for  teams  Bock 
cost  IZ.18  per  ton  (.8«2  cu.  yd.)  delivered  on  river  bank.  The 
hauling  (or  the  paving  at  the  up-stream  end  of  the  levee  was  done 
by  contract  at  GO  eta  per  ton  (E8  cts.  per  cu.  yd.)  and  38^  eta 
per  ton  (89  eta  per  cu.  yd),  tor  the  long  and  short  hauls. 

The  cost  o(  stone  paving  at  the  up-stream  end  of  the  levee  was 
as  follows  per  square  of  100  sq.  (L: 

Total     Per  square. 

Superintendence    f      40  t  O.ODfl 

Leiior,    1S3    days,    at   11.26 204  0.492 

Hauling,   ai9  cu.  yda  rock.   8,700  ft.,  at  10.E8. ,       127  0,807 

Hauling,  l.GSe  cu.  yda  ro&,  l.ZOD  fL.  at  80. 3U..       605  1.461 

Rock,   r,TSS  cu.  yda,  at  t2.b3 4,&]»  10.91G 

Total,    414    snuares tE.49S  818.271 
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M  ot  Mone  pavlDK  at  the  doim-atTeaiii  eod 


Superintendence     I    Tit  fO.Il 

Labor,  320  days,  at  ll.K 400  0.E7S 

Haulinf,    I,1B7  cu.   yde.,  nt  tD.31 487  0.720 

Bock,   Z,15T  cu.  yds.,  at  IZ.5I G.4E1  T.gSS 

Total,    694    Muarea tE,494  |9.Sfi6 

The  cost  of  conBtructlnK  the  brush  mattresa  at  the  down-atr«un 
«nd  of  the  levee  was  as  given  below  tor  1,162  MiuareH : 

Total     Per  Muare. 

SuperiDtendence     t    1S2  iD.lfiC 

TOT  dw«.    at    11,28 87T  0.764 

108  days,    at    11.00 108  O.OBt 

Bubslatraice,    lOS   days IE  O.OSO 

HaulInK,  iTT43  cu.  yda  rock,  at  tO.SS 393 

Rock,   I,74S  cu.  yds.,  at   $2.63 4,414 

-       ■        ■        ittresa,   1,139  i  "    —    " 

.Irens,  Z.S60.  a 


BrUBh,  at  mattreas.   1,12  9  corda  at  $1.01 1.9TS 


t   $0.0S3.. 

Total,    1.162    squares $9,GSG  tS-lO) 

In  addition  a  amalt  scraper  force  was  employed  for  fivo  day*  In 
■moothlns  the  portion  ot  the  borrow  pit  to  be  mattreaaed  and  In 
sloping  oil  the  bank  between  the  pit  and  levee  benn.  Stumps  left  In 
the  pit  were  Kmbbed  ouL  The  total  cost  of  this  sradliiK  Bud 
grubbing  was  1198  Or  $0.17  per  mattress  square. 

The  cost  of  the  1,414  lln.  ft.  of  brush  dikes  Is  shown  In  the  fol- 
lowing tabulation : 

Total.  PNlliLfL 

Saperlntendence     f  36.00  tt.tti 

Labor  building  dikes; 

T3.1  days,   at   $1.26 91.40  0.0*6 

4<   1/6   days,   at   $1.00 46.60  0,033 

Subsistence,   40   1/6   days 16.00  O.Ol* 

Piles,  480,   at  10.07 33.00  O.OtI 

Brush.    SO  cords,    600  ft.  haul,  at  10.76 61.00  0.043 

Brush,  10  cords,  4,000  ft  haul,  at  $0,98 98.00  0.(61 

Lumber,  t%   H  ft  B,  M„  at  $2,86 83.00  0.066 

Nalla,    I7B  Iba,   at  $0.021 4.00  0,001 

Total,   1.414  lln.  ft 1467.00  ft.iU 

The  approximate  distribution  of  cost  of  the  brush  and  poles  used 
In  mattreaa  construction  was  as'  follows: 

Brush.  Poles, 
per  cord,     per  pola 

Cutting  privilege  $0.02  .,.. 

Cutting     O.SB  $0.0) 

tabor,  loading  and  unloading,  haul  to  bank 0.11  O.D] 

Team    hire     0.28  0.03 

Loading  and  unloading  barges 0.68  0.06 

Towing     0,44  O.OJ 

lAbor,  loading  and  unloading,  haul  bank  to  mattreSB  0.12  0,01 

Team  hire    O.IS  0.0) 


SubslBtenc 
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TtM  distribution  ol  coat  of  hanllnir  Uk  rodi  u>^  In  mattraas  con< 
•tmotlon  wa*  aa  Aown  Iwlow: 

lAbor,   loadlnK  uia  unloading  wacona 10.07 

Team  hire   0.14 

Suporlntendenae    0.01 

Total    t0.si 

Coat  of  Cleartng  Land.— The  coat  of  clearing  the  marglne  of  Tn- 
dlon  Lake.  N.  T.,  for  36  mile^  was  about  fl2  per  acre  for  1,1E0 
acrea:  Men  were  paid  11a  day  and  board ;  and  the  hoard  coat 
about  EO  eta  a  day.  Foremen  (1  foreman  to  20  men)  were  paid 
(35  a  month  and  board.  Each  acre.  It  ivai  eatlmated,  ran  from  GO 
to  76  corda  of  wood.  Kach  laborer  averaged  one-fifth  acre  cut  per 
day.  Including:  aome  piling,  but  no  tmmlng  of  the  timber;  ao  that 
the  cutting  coat  IT.EO  per  acra  There  was  no  Urge  merchanCablo 
timber,  all  having  been  cut  down  yvaxn  before.  The  growth  waj 
mostly  amall  plnea;  balsEuns  and  varloua  hardwooda 

In  the  work  for  the  Alter  beda  at  Brockton.  Uaaa.,  1SS4,  there 
were  18, S  acrea  cleared  and  grubbed,  of  which  14.1  acres  were 
■tandlng  pine.  The  trees  varied  from  S  to  24  Ina  In  diameter;  and 
there  were  about  B  treea  per  bq.  rod,  or  480  per  acre.  When  cut  up. 
about  35  corda  of  wood  per  acre  were  obtained.  The  total  coat  of 
pulling  and  dlq>oainK  of  atumpa  whs  1112  per  acre,  or  23  eta.  per 
tree.    Wagea  of  taborera  were  fl.SO  a  day. 

A  very  common  price  for  clearing  and  grubbing  toreat  land  In 
the  eaatem  part  of  America  la  |G0  an  acre,  when  wages  are  ll.EO 

For  contract  prlcea  aee  the  aectlon  on  Rallwaya  Conautt  tha 
Index  under  "Clearing." 

Oealgn  Of  Stump  puller*. — The  following  la  a  very  brief  abatract 
of  two  artlclea  on  gnibblng  etumpa  tn  E«gtfie«rtng-CcMtTaotttiff, 
March  ZE  and  April  S,  I90S.  Several  dllferent  types  of  atump  pull- 
era  are  Illustrated  In  detail  and  their  uae  described,  \>\it  I  glra  here 
only  two,  which  are  not  ao  well  known,  but  which  I  have  made  and 
used  with  sncceaa, 

A  style  of  atump  puller,  known  aa  the  sweep  stump  puller.  Is 
ahown  In  Fig.  T.  Ita  operation  Is  simple  yet  very  elTectlve.  One 
end  of  tho  sweep  8  rests  on  tho  ground,  and  the  other  end  la 
mounted  on  a  wagon  wheeL  The  sweep  la  an  S  x  10-ln.  timber 
11  ft.  long,  and  at  the  free  end,  B,  there  ia  attached  a  single  or 
double  whlffletree.  as  described.  The  arrangement  at  the  fixed  end, 
A,  It  somewhat  more  complex  and  may  well  be  described  In  detaU. 
Abotit  S  It.  from  the  end  la  an  eyebolt.  J,  to  which  la  fastened  an 
anchoring  chain  attached  to  a  convenient  stump  or  "dead  man,"  J*. 
On  each  aide  of  the  eyebolt,  and  almost  4  Ina  from  It  are  attached 
bookbolts,  hi  and  h,.  and  still  further  away  two  similar  bolts,  hi, 
tl(.  The  stump  pulling  wire  cable  la  fastened  to  a  short  chain.  K, 
and  then  carried  over  on  A  from  F  and  attached  to  a  pile  or  atump 
oa  ahown.    The  chain  K  is  hooked  to  the  bolt  hi. 

In  operating  It  the  lever  is  drawn  In  the  direction  of  the  arrow. 
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causing  a  itraln  on  the  pulllnc  cable.  The  horse  la  drivm  akoad 
until  the  sweep  has  the  posltloii  shown  by  the  dotted  lines,  and 
when  this  poiltlon  has  been  reached  a  short  length  of  chain  Indi- 
cated by  the  dotted  line  K  la  hooked  at  one  end  to  the  pulllos  cdiAlD 
and  at  the  other  end  to  the  book  bolt  ht.  The  horse  ts  then  turned 
and  driven  In  the  opposite  direction,  putting  a  further  strain  mi 
the  pulling  chain  and  slacking  the  chain  K  so  that  It  can  be  short- 
ened and  hooked  up  again  when  the  horse  has  moved  t: 


^4  J:  >' 


Fig.   7. — Stump  Puller. 

the  position  ihown  by  the  left  hand  set  of  dotted  tinea  The  horse 
ts  then  started  on  Its  forward  trip,  then  bach  again,  and  so  an. 
pulling  Qltemately  on  chains  K  and  K,  and  putting,  ultlmalelr,  an 


r  pile. 


An  idea  of  the  power  exerted  Is  gained  from  the  following  brief 
ealmlatlon.  If  the  distance  between  the  king  bolt  of  the  whiffle- 
Iree  end  the  bolt  I  is  SO  ft.,  and  If  hi  and  h,  are  1  Ins.  <U  fL) 
from  /,  the  pull  of  the  horse  Is  multiplied  S  X  20  =  60  tlmea  A 
horse  capable  of  pulling  GOD  Iba  would  then  put  a  strain  Of 
BOO  X  80  =  30,000  lbs.  on  the  chain  K  anil  Si.  Then  In  the  triangle 
ahc,  ab  repreflentB  30,000  Iba  and  ac  repreeenta  the  pull  on  the 
stump,  which  mUHt  always  be  greater  than  !0.000  Iba  to  an  aowunt 
depending  upon  the  Inclination  of  the  A  frame ;  If  the  batter  of  (be 
A  frame  is  1  In  3  the  pull  on  the  stump  will  be  40,000  lbs.  As  a 
matter  of  fact,  one  horse  cannot  maintain  a  EOO-Ib.  pull,  and  a  tmat 
must  be  used  where  such  a  pull  Is  neceMarjr. 
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Tery  large  stumps  can  be  pulled  with  this  simple  device  and  a 
team  of  horses. 

From  the  llKures  given  it  Is  evident  that  heavy  clialna  and  cables 
must  be  used  or  else  there  will  be  frequent  breaks. 

One  set  up  ot  the  machine  can  be  used  to  pull  a  larRe  number 
of  stumps  or  piles,  since  It  Is  necessary  to  move  only  the  compara- 
tively llEht  A  frame.  With  a  long  coble,  to  give  a  good  reach  to 
the  machine,  there  should  be  used  taice  ups,  else  considerable  time  Is 
consumed  In  taking  up  the  slack  of  the  cable.  The  crew  to  operate 
this  style  of  machine  consists  o(  a  foreman,  three  laborers  and  ono 
team,  the  cost  varying  from  flO  to  flS  per  day.  This  machine  and 
the  one  shown  In  Fig.  S  were  both  used  by  one  of  the  editors  of 
this  Journal  tor  pulling  piles,  the  machines  being  adapted  tor  either 
pile  or  stump  pulling. 


Pig.  8. — Stump  Puller. 

The  legs  of  the  tripod  shown  in  Fig.  8  were  S  x  S-ln.  timbers, 
JO  ft.  long.  The  rope  Is  reeved  through  a  set  of  triple  blocks  and 
carried  to  the  4-ln.  chain.  The  speed  wheel  and  pinion  are  ra- 
•pectlvely  SO  Ins.  and  4  Ins.  In  diameter.  This  arrangement  gives 
a  powerful  strain  on  the  chain  or  cable  fastened  to  the  stump.  <Tba 
stumps  can  be  pulled  by  hand  power  or  horses,  or  a  line  can  be  run 
from  the  12-ln.  drum  to  a,  small  hoisting  engine  and  the  machine 
operated  by  iL  This  whole  outllt.  though,  must  be  moved  for  each 
Btump  that  Is  to  be  pulled. 

For  the  cost  of  this  tripod  machine  and  the  cost  of  pulling  piles 
with  It,  see  page  lOlT. 

Cost  of  Removing  Stumps  In  Clearing  Land.*— Removing  stumps 
by  hand  Is  a  slow  and  costly  method  when  the  stumps  are  ot  small 
size  and  Is  out  of  the  question  (or  the  large  stumps  of  llr  and  other 

'Engineering-CnntTacting,  Dec   22,   1909. 
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treea  up  (o  G  and  E  rt  In  diameter.  In  the  Ia«t  condition  the  prin- 
cipal up-to-dale  methods  are  burning.  blastlOK  and  puUtnc  or  anme 
combination  of  theee.  Burning  la  considered  the  t>eat  way  lo  remove 
pine  Mumps  which  have  a  large  amount  o(  turpentine,  as  this 
greatly  ossIsIb  In  the  process,  and  the  long,  deep  roots  of  these 
trees  are  a  great  hindrance  In  pulling.  In  regard  to  burning  these 
■tumpB  Mr.  Ferris.  o(  the  Hlsalastppl  Station,  says : 

"The    common  method     •      •      •     Is  to  dig  a.  hole  about   IS   In*. 
-   deep  with  spade  or  post-hole  digger  on  one  side  of  the  stuinp,  m 


Fig.  9. — Machine  for  Boring  Stumpa 

close  to  It  as  possible,  and  lo  use  this  as  a  furnace  tor  (Irtng.  the 
stump.  In  digging  these  holes  It  Is  necessary  that  the  dirt  be  re- 
moved from  as  much  ot  the  surface  of  the  stump  as  possible,  ao  as 
to  allow  the  Are  lo  come  In  direct  contact  wltli  the  aide  of  the 
atump  for  at  least  G  Ina.  An  ordinary  turpentine  dipper  on  a  suit- 
able handle  makes  one  ot  the  best  Implements  for  removing  this 
dirt." 

This  Is  a  rather  slow  process,  but  may  be  greatly  hastened  by 
boring  a  slanting  hole  through  the  stump  from  the  opposite  side  to 
the   Are   hole.     For  boring,   the  Mlsslaalppl   Station   has  uaed   the 
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"A  2-ln.  ship  a41(«r  la  welded  onto  one  end  of  &  U-In.  Iron  rod 
4  tX.  lODg.  Four  Inches  from  the  other  end  of  this  rod  a,  collar  Is 
welded  and  the  end  of  the  rod  passed  through  a.n  iron  box  fastened 
to  a  movable  frame  about  IS  ins.  square.  A  bevel  fcear  Is  then 
fastened  to  the  extreme  end  of  this  rod  either  by  a  key  or  Set 
■crew  and  works  Into  a  second  gear  of  the  same  kind  fastened  On  a 
horizontal  shaft  This  horizontal  crank  shaft  Is  made  of  1-ln.  Iron 
rod  bent  at  one  end  to  form  a  handle,  with  a  fly  wheel  fastened 
on  the  opposite  end.  It  fforks  through  two  boxes  fastened  to 
the  movable  frame  and  slides  down  the  main  frame  as  the  auger 
bores  into  the  stump.  The  upper  end  of  the  machine  is  elevated 
about  G  ft-  and  stands  on  two  cart  wheels,  on  which  it  is  easily 
rolled  from  atump  to  stump  or  from  field  to  field  by  a.  single  Indl- 
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vlduaL  This  elevation  of  the  frame  helps  to  brace  It  against  the 
atump  In  boring,  raises  the  crank  abaft  to  a  height  at  which  It  can 
be  most  easily  turned,  causes  a  alight  pressure  to  be  constantly  ex- 
erted against  the  auger,  and  makes  It  possible  to  bore  the  hole  diag- 
onally Into  the  stump.  At  the  extreme  upper  end  of  the  frame  la  a 
snail  windlass  with  ropes  attached  which  Is  used  (or  pulling  the 
auger  out  of  the  stump." 

This  machine  was  used  to  aid  In  clearing  3.S  acres  of  land  which 
bad  been  cut  over  about  seven  years  before.  The  sapwood  had  de- 
cayed, but  the  balance  of  the  stump  above  ground  and  all  below  was 
■ound.  On  tbls  plat  there  were  1&8  stumps  that  required  boring. 
These  averaged  13.G  Ins,  in  diameter,  and  the  length  of  hole  bored 
averaged  ]9.T  Ins.,  the  total  cost  being  less  than  |8  an  acre,  figur- 
ing labor  at  |1.G0  per  day. 

For  burning  the  large  stumps  of  fir,  etc..  In  the  Pacific  Northwest, 
A  quicker  method  Is  used,  which  consists  of  baring  two  Intersecting 
bolea,   as  in   Fig.    10,   and  burning  by   starting  a.  fire   at  the  Inter- 
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Bection  with  the  aid  of  redhot  coals  or  a.  piece  of  Iron  heated  to  a 
white  heat.  After  the  part  marked  A  Is  burned  out  the  ar«  la 
maintained  by  flUing  the  space  with  bark  and  litter.  While  the 
method  Srat  described  generally  resulta  in  burning  the  stump  law 
enough  to  allow  of  cultivating  over  It  la  the  caaa  of  pine  stumps, 
the  method  used  on  the  western  trees  leaves  the  larger  atrincera 
with  their  smaller  roots  to  be  pulled  out  by  steam  or  puller,  or 
"they  may  be  entirely  burned  by  digging:  away  the  earth  and  roQ- 
Ing  a.  small  loc  alongside  of  the  root." 

Other  methods  of  burning  are  to  split,  the  stump  with  a  small 
charge  of  powder  and  then  kindle  a  tire  In  the  hole  thus  made,  and 
charcoaling  or  pitting.  The  latter,  which  consists  essentially  of 
keeping  a  smoldering  Are  around  the  haoe  of  the  stump,  Is  reported 
to  be  very  economical  tor  large  atumpa  Mr.  Ferris  aays  "remov- 
ing stumps  by  this  method  [boring  and  burning}  has  been  decldedlj 
cheaper  than  by  any  other  method  tried,  as  It  requires  only  B 
ainall  expenditure  for  machinery,  practically  no  repair  bllbt  and 
can  be  op«raled  by  a.  single  Individual," 

It  Is  stated  that  In  the  section  reported  on  by  Hr.  Thompson 
scarcely  anyone  undertakes  to  clear  even  a  small  tract  without  tba 
use  of  powder.  Powder  Is  also  used  on  the  pine  stumps  of  Ulssls- 
Blppl.  the  common  method  being  to  bore  a  IM-in.  hole  from  the 
surface  ot  the  ground  diagonally  downward  for  10  to  30  Ins.  and 
to  Insert  in  this  from  ^4  to  1  lb.  of  dynamite.  This  amount  wlU 
shatter  the  general  run  ot  pine  stumps,  and  makes  the  coat  of  this 
part  of  the  work  from  E  to  20  eta  per  etump.  With  stumps  of  the 
flr  type,  which  do  not  usually  root  deeply,  blasting  Is  best  done  by 
placing  several  sticks  of  dynamite  beneath  the  center  on  the  hard- 
pan.  If  not  too  deep,  so  as  to  cause  the  force  of  the  explosion  to  be 
exerted  upward.  Mr.  Thompson  gives  the  following  data  as  to  bIm 
o(  charge  under  ordinary  ground  conditions,  for  shattering  larn 
stumps  which  are  to  be  removed  by  stump  pullers,  blocks  or  teams: 

Dlam.  of  stump.  Ins IS     24      30      36      48     60     TS 

Sticks    of    powder E        T      10     20      3G      EO      SE 

The  sticks  are  l^xS  Ins,  weigh  a  little  over  %  lb.  and  cost 
from  10  cts.  to  IE  clB,  a  pound.  The  average  cost  of  the  removal 
of  each  stump  from  a  tract  of  120  acres  containing  flr  stump*  from 
1  to  1  (t.  In  diameter  was  reported  as  follows; 

Cents; 

Powder    <».T< 

Fuse    -  - ».»7 

Caps     0.87 

Labor    30,61 

Total     83.66 

If  dynamite  Is  handled  with  oritltiary  care  there  Is  but  little 
danKer  attached  to  Its  use  except  In  cold  weather,  when  It  should 
bo  kept  warm,  preferably  at  about  T0°  F. 

After  loosening  and  shattering  stumps  by  blasting.  It  la  neces- 
sary to  gather  them  in  a  pile  for  burning.  This  Is  usually  done  by 
means  of  o  capstan  or  a  donkey  engine.  The  latter  Is  reported  to 
have  found  quite  general  application  In  the  Northwest.    A  gin  pols 
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Is  Mt  ap,  aa  diowa  Id  FIk-  H,  and  th«  stunipi  drawn  to  It  When 
boDdled  to  advantage  tbis  method  ia  considered  to  be  tlme-aavins 
and  cheaper  than  hand  meihoda.  Another  type  ot  puller  1b  the 
vertical  derrick,  which  haa  the  advantage  of  applying  the  PUll  In  the 
best  direction  for  Btumpa  having  long  tap  rooti,  but  It  la  objected 
to  on  account  o(  having  to  be  moved  for  each  stump. 

Cost  of  CiearlnB  and  Qrubblng,  Ohio.* — Mr.  Julian  Grlggi  givea 
the  following;  All  trees  and  brush  on  a,  reeervolr  elte,  near  Coliun- 
bus,  Ohio,  were  cleared  and  grubbed  by  contract  In  1904-6.  The 
work  was  begun  June  14,  1304,  and  carried  on  continuouslr  till 
Aug.  B,  ISDG,  the  Heaeon  being  unusually  favorable.  The  area 
cleared  was  2GEM  acres,  lying  In  a  narrow  river  bottom  G.8  mllea 
long.  It  was  thickly  covered  with  shrubs  and  trees — elm,  locust 
oak,  hickory,  sycamore,  etc.  There  was  a  rank  growth  of  weeds, 
horse-cane  predominating.     All  was  grubbed  except  about  S  acraa. 

A  trimming  gang  first  cleared  and  grubbed   the  bruah,   cut   oS 


all  low  limbs  and  ell  small  trees,  and  piled  the  stuff  ready  to  bum. 
They  were  followed  by  a  pulling  gang  of  G  to  IZ  men.  a.  team  of 
horses  and  a  stump  puller.  During  the  winter  It  was  posslbie  to 
bum  everything  as  fast  as  cleared. 

A  "Hawkeye  Stump  Puller"  was  used.  (This  type  of  stump 
puller  Is  Illustrated  and  Its  use  described  in  detail  In  Engineering- 
ContTocting,  March  26,  190S,}  It  consists  of  a  capstan  or  vertical 
windlass  (operated  by  a  team  of  horses)  that  Is  mounted  on  a  bed 
of  two  oak  timbers  (10  x  10-ln.  z  16-fL)  framed  to  form  a  crosa. 
The  drum  Is  2  tt  high  and  13  Ina  diam.  The  sweep  (8x8-ln.) 
to  which  the  horses  are  fastened  Is  20  ft.  long,  Draggiog  from  the 
sweep,  directly  back  of  the  horses,  Is  a  stick,  the  end  on  the  ground 
being  shod  with  an  Iron  point  the  purpose  being  to  take  the  strain 
ott  the  horses  when  they  are  standing  still.  Two  %-ln,  wire  cables, 
each  100  ft.  long,  hooks,  grips,  blocks,  snatch  cables,  etc.,  compose 
the  rest  of  the  outflt  In  operation,  the  timber  bed  Is  burled  in  the 
ground,  and  Iran  pins  driven  alongside  the  timbers  into  the  ground, 

*Engineeriti!j-Contracting,  Oct.  17.  1306. 
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or  Ui«  tbnbera  are  loaded  with  atone.  In  pulllns  a  tree,  tbe  «"»'•■•*? 
cable  la  taatened  around  ft  atMut  15  or  SO  ft.  above  the  ground. 
The  cable  Is  uauallr  i>aaaed  throusli  a  match  block  tastened  to  k 
tree  near  the  itump  puller,  ao  as  to  brtnK  the  cable  to  a  hoiisontal 
position  aa  It  winda  around  the  drum.  It  the  tree  doea  not  yield  «k 
Brut.  Borne  of  the  roota  are  cut,  or  a  dynamite  charge  la  exploded 
among  the  roots  while  the  strain  la  kept  on  the  cable.  Stumpy  itf 
which  there  were  luany,  were  much  harder  to  pull  than  tree^  Bad 
most  of  them  were  dynamited  and  taken  out  In  plecea 
The  toUowlnK  was  the  coat  of  clearing  and  grubbing  t6GK  acrea: 
Per  acre.        Per  cent 

Superintendent,  at   J1.17 t     i.\t  !.< 

Timekeeper,   at   %\.ll l.TS  1.1 

Foreman,    at   ti.BO U.lt  B.l 

Carpenter,    at    t^OO 0.48  0.1 

Dynamite   men.   at   $1.TB >.04  1,8 

Laborers,    at    fl.50 SG.£B  GI.S 

Single    horse,    at    tl.EO 1.18  O.S 

Two-horse  team,   at  IS.BO ll.gg  7.8 

Total   labor    flit. 40  Tl.E 

-, i.  at  1H4  ctB.  per  lb 80.te 

Machinery   and   repairs..  "  " 


The  work  required  2SS  days,  o 
force  of : 

1  •uperinteodent 
1  timekeeper. 
8  foremen. 
1/5  carpenter. 
1%  dynamite  men. 
05  laborers. 

SVi  two-horse  teams. 

There  were  208  lbs.  of  dynamite  used  per  «cr«. 

Before  the  reservoir  could  be  filled  with  water  It  had  grown  up 
with  weeds,  which  it  cost  $T  more  per  acre  to  cut  and  bum.  Tbia 
was  one  summer's  erowth. 

Cost  of  BUitlng  3,500  Stumps.*— The  Long  Island  B.  R.  bought 
a  tract  of  land,  In  1906,  In  Sulfolk  county  on  Long  Island,  In  order 
to  carry  on  experimental  agricultural  work.  The  tract  was  situ- 
ated In  the  waste  lands  at  the  Island  and  the  flrst  work  to  be  done 
was  to  clear  It  of  timber.  A  force  of  men  was  put  to  work  cutting 
down  the  trees  and  undergrowth,  and  this  work  was  followed  by  the 
stump  blasting. 

The  blasting  crew  consisted  of  two  men  only,  except  for  the  three 
last  days  of  the  work  when  a  third  man  was  employed  to  beaten 
the  flnlshlng  of  the  Job.  The  work  was  done  during  the  latter  part 
of  the  summer  and  the  fall  of  the  year,  good  weather  prevallbig 
most  of  the  time. 


»Kngltieering-ContTaeHng,  Uay  18,  1908. 
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One  man  employed  wa^  accuatomed  to  bandllns  exploalv«a  and 
had  azperience  tn  blaatitiK  atumps.  He  waa  paid  t3.E0  tar  a  10-br. 
day.  The  aecond  mftD  waa  a  common  laborer  ana  was  paid  }1.6a 
per  day.  The  third  man,  used  for  three  days,  also  had  handled  em- 
pIOBlves.    He  was  paid  fJ  per  day. 

In  all  ID  acres  of  land  were  cleared.  The  blasting  gang  made  the 
hole  under  the  stump  and  charged  It,  setting  off  the  charge,  but  the 
work  of  cleaning  up  after  the  blast  was  done  by  other  men.  The 
stumps  were  mainly  white  oak  and  chestnut,  varying  In  size  from 
18  Ina  to  TK  ft.  In  dlamet«r.  Many  of  the  sCumpa  ran  from  4  to 
4  K  ft.  In  diameter.  Bach  acr«  of  ground  waa  measured  off  and  a 
careful  record  kept  of  the  number  of  atumpa  blown  on  each  acra 

d  and  the 


iSiii 


Total     3,518 


2,031 


o.e» 


The  Mil  was  a  light  loam  with  sand  or  sravel  underlying  It  Nat- 
urally the  amounts  of  dynamite  used  per  atump  varied  with  the  size 
of  the  stump.  Small  atumpa  up  to  4  fL  In  diameter  needed  -^  lb.  of 
dynamite.  Stumpa  from  4  to  6  ft.  In  diameter  needed  from  1  to  3 
Iba,  While  the  largest  stumps,  measuring  from  6  to  8  ft.  In  diameter 
needed  from  3  to  4  lbs.  of  dynamite.  The  largest  stump  blown 
waa  a  chestnut  7i^  ft  In  diameter  which  took  3^  Iba  dynamite.  It 
will  be  noticed  that  the  average  per  stump  was  not  quite  0.8  lb. 
All  the  dynamite  uaed  waa  40%. 

In  blasting  the  stumps  the  helper  made  a  hole  with  an  auger  or 
bar  under  the  stump,  ao  the  charge  would  be  close  up  to  the  stump 
and  near  the  center.  The  dynamiter  prepared  a.  large  number  of 
cartridges  with  (use  and  capa  In  them  In  advance,  bo  that  when  a 
number  of  holes  had  been  made,  all  he  had  to  do  was  to  place  the 
charge  and  tamp  up  the  hole.  Double  tape  fuse  was  used  to  put 
oft  the  blast  The  fuse  was  cut  to  lengths  to  explode  the  load 
within  a  given  number  of  seconds.  Just  enough  time  being  allowed 
for  a  man  to  run  to  a  safe  distance.  For  most  at  the  stumps,  fuse 
a.  foot  and  a  half  In  length  was  used,  and  when  the  end  waa  split 
to  allow  of  easy  lighting,  It  took  aO  seconds  for  this  fuse  to  bum  to 
the  charge,  hence  this  was  known  as  a.  "30-Becond  length."  Care 
was  taken  to  use  enough  dynamite  to  blow  out  the  entire  stump, 
hut  not  to  waste   the   explosives.     Small   stumpa  were   blown  out 
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whole,  but  the  larger  ones  w«rQ  spilt  up  br  the  blait  M  they  could 
be  ettslly  handled. 

The  number  o(  atumpe  blasted  per  day  varied  eomewliat,  accord- 
IDK  to  the  slEe  Ot  the  stumps  and  the  dlfllcultlea  encountered.  The 
beat  day's  work  (or  two  men  was  ILO  stumpe,  while  on  other  days 
they  did  97,  to,  and  99,  the  avrrage  being  84  for  two  men.  for  tIM 
Job.  On  ono  day  that  three  men  worked  160  stumps  were  blasted, 
tn  clearing  an  adjolnlnx  piece  of  land  1  man  by  hlmsell  bbated  la 
1  day  100  stumps,  but  he  had  prepared  the  charges  the  day  previous. 
The  cost  of  blasting  the  stumps  for  the  10  acres  was; 

Total      Per  acre. 

1  man,  10  days,  at  fS.GO tl<IO.DO        114.00 

1  man,   40  days,  at  (1.60 60.D0  (.00 

1  man,     t  days,  at  13.00 9.00  0.90 

J.031  lbs.  40%  dynamite,  at  15  cts. S04.6B  S0.4e 

S.SOO  caps,  at  75  cts.  per  100 17.00  2.70 

7,000  It.   D.  T.   fuse,  St  45  cts.  per  100..      11. GO  3.15 

Total     tB7J.lB  mil 

This  gives  a  coat  per  stump  of  the  following : 

Labor     lO.OfiO 

Dynamite     O.DSe 

Caps    0.008 

PuSO     0.009 

Total     10.162 

This  work  was  done  under  the  direction  of  Mr.  H.  B.  Fullerton, 
special  agent  of  the  Long  Island  B.  R.  Co.,  to  whom  we  are  indebt- 
ed for  the  information. 

Cost  ol  Blasting  1,100  Stumps.*— In  grubbing  stumps  from  land, 
one  of  the  roost  economic  methods  Is  by  blasting,  provided  cars 
and  Judgment  are  shown  In  the  use  of  explosives.  The  tendency 
aeems  to  be  to  use  a  larger  amount  of  explosives  ttisn  is  necessary. 
Then,  too.  dlOerent  kinds  of  explosIveB  are  somettmea  used  !n  the 
same  charge,  such  as  dynamite  and  Judson  powder.  This  should 
not  be  done.  But  one  kind  of  powder  should  be  used  In  a  hole. 
For  small  and  medium  slied  stumps  dynamite  Will  give  the  best 
results,  but  Judson  powder  will  do  efflcient  work  on  large  stumps, 
and,  at  times  tor  very  large  stumps,  black  powder  Is  the  cheapest 

The  charge  should  be  placed  well  up  under  the  stump  and  as 
nw.T  the  center  of  the  stump  as  possible.  A  bar  Is  generally 
the  best  tool  tor  making  the  hole.  When  only  one  charge  is  placed 
under  the  stump  It  is  more  economical  to  use  fuse  and  a  cap.  It 
Is  passible  In  stump  blasting  to  use  single  tape  fuse,  but.  If  the 
ground  Is  very  wet.  !t  may  misfire.  Under  such  conditions  It  Is 
better  to  use  double  tape  fuse.  When  several  charges  are  placed 
under  one  stump.  It  Is  iLlways  advisable  to  use  electrical  exploders. 
•o  that  the  charges  will  be  exploded  simultaneously.  For  a  single 
charge,  electrical  fuses  are  too  expensive. 

In  the  Job,  the  cost  of  which  we  give  below,  dyiuunlte  was  used 

•BBiifneertnu-Coniraotlnjj,  June  3,  1908. 
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exolualTely,  and  caps  and  tun  were  CMd  for  most  stumpy  but 
electrical  exDloderB  were  ueed  on  some,  as  several  charges  were 
placed  under  some  of  the  largest  atumps.  There  were  1,101)  stumps 
blasted  from  4  acres  of  land,  the  job  being  In  eastern  New  Jersey. 
The  trees  had  boen  cut  about  2  years,  and  were  mostly  white 
oak  and  hickory.  They  varied  In  size  from  i  Ins  to  6  (t..  the 
average  else  of  the  1.100  slumps  being  about  Ifi  Ins.  In  diameter. 
The  dynamite  used  was  40  per  cant  The  ground  was  full  of 
large  boulders,  and  more  fuse,  single  tape,  was  used  than  would 
have  been  required  If  the  ground  had  not  been  full  of  stones. 
The  long  (use  waa  necessary  In  order  to  allow  the  men  time  to  got 
away  from  the  dying  pieces  of  stone.  Two  men  only  were  used. 
One  man  handled  the  dynamite  and  the  other  prepared  the  holes. 
These  men  did  nothing  towards  cleaning  up  the  slumps  after  they 
were  blasted. 

The  cost  of  the  labor  was  as  follows: 

Dynamiter,  19  days,  at  (3, SO t  flS.EO 

Helper,   IB    days,  at   (1.60 28.60 

Total      %  SE.OO 

The  cost  of  the  exploslTee  was: 

8G0  Iba  dynamite,  at  IE  cts. flST.eO 

1,J00  caps;  at  T6  eta  for  100 S.76 

1,300  ft.  6.  T.  fuse,  at  4G  cts  per  100 e.8E 

SOO  short  electrical  exploders,  at  S  eta. 18.00 

Total    tlSl.lO 

The  total  cost  of  the  4  acres  was  |2Gt.I0,  giving  a  cost  per  acre 
at  t«4.0S, 

The  cost  per  stump  was : 

Labor     (0,088 

Dynamite    0.118 

Fuse    '.'. 0,006 

Exploders     0.010 

-  Total     W.jaa 

The  average  amount  of  dynamite  used  per  stump  was  O.TT  lb. 

This  Is  a  very  economical  Job  of  blasting,  both  as  to  labor,  costs 
and  explosives. 

We  are  Indebted  to  Hr.  Oscar  Klssam.  of  Haleslte,  Long  Island, 
N,  7.,  for  these  data.  The  work  was  done  under  his  direction  aad. 
according  to  his  methods. 

Cost  of  Cleirlng  and  Qrubblno  by  Blasting.*— Mr.  Danlet  J,  Hauer 
la  author  of  the  following; 

The  work  was  done  In  1891  In  the  suburb  of  an  Eiastem  city. 
Nine  acres  of  closely  spaced  trees,  averaging  about  20  Ins.  diam., 
were  cleared.  Trees  ranged  from  6  to  86  Ins.  dlam.  All  smaller 
than  S  Ins.  was  classed  as  brush.  The  trees  were  first  cut  down, 
and  the  brush  and  leaf  wood  piled  and  burned.  The  trunks  were 
made  into  saw  logs  and  cord  wood.     The  timber  was  mostly  oak, 

*B*giKetrina-CimtTacH*g,  Feb.  87,  180T. 
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hickory  and  cfaettnuL  Work  was  done  In  the  spriDS  of  the  year 
In  good  neather. 

The  tools  were:  S3  axea.  £9  mattsckH,  SD  ghovels,  1  hatchet, 
1  band  aaw,  3  croB*^Wt  aaws,  2  fllea.  1  water  buckets,  2  grtnd- 
stones,  1  churn  drill  and  1  auser.  These  tools  cost  about  $80,  wUcb 
could  be  charged  at  a  rate  ol  (9  per  acre  to  the  Job. 

Foremen  were  paid  12. GO  per  10-hour  day  and  laborers,  mostly 
Italians,  were  paid  tl.25.  One  foreman  looked  after  the  chopping 
and  KTubblng.  consequently  his  salary  Is  divided  between  these 
Items,  while  a  second  forenuin  save  his  time  exclusively  to  the 
blasting. 

The  chopping  down  of  l,£lt  trees  and  the  brush  took  about  13 
days,  the  cost  being  as  follows : 

Foremen     %  20.00 

Laborers     149.61 

Total     316B.S1 

This  makes  a  cost  of  $18.84  per  acre.  For  eight  days,  as  Che 
above  work  was  going  on.  another  crew  of  man  were  piling  and 
burning  brush  and  grubbing  the  small  stubs  and  BtumpB.  This 
work  was  done  at   the  following  cost; 

Foreman     f  10.00 

Laborers     1ZS.T4 

Total     1139.74 

Or  a  coat  of  tl^.SS  per  acre,  and  a.  total  cost  per  acre  for  both 
chopping  and  cleaning  up,  of  134.37.  This  can  be  divided  as 
follows : 

Foreman     t  S-SS 

Laborers     31.04 

When  this  much  of  the  work  was  done  a  foreouui  and  a  crew 
at  4  men  began  the  blasting  of  stumps. 
The  following  was  the  cost,  GO  stumps  per  day: 

Per 
Per  day.    atump. 

1  foreman  at  12.50 1   3. GO     fO.OGO 

4  laborers    at    tl.2S G.OO       0.100 

200  lin.    ft.    double   tape   fuse   at    GO   cCs. 

per    100    ft 1.00       O.02O 

60  caps  at  75  cCs.  per   100 0.40       O.OOS 

E2  lbs,   40%    dynamite  at  (O.IE T.SO       0.15S 

lOS^   Iba  JudBon  powder  at  tO.lO lO.gG       0.317 

Total     tS7.6G      tO.SSl 

This  work  took  ZG  days,  and,  aa  there  were  134  stumps  p«r  acre 
on  the  9  acres,  the  coat  of  blasting  atumps  was  $73.70  per  acr& 
Both  dynamite  and  Judaon  powder  were  placad  In  each  bote. 
The  Btumpa  were  not  so  large,  except  In  a  few  case^  that  one 
charge  placed  under  it,  by  churning  a  hole  with  the  drill  and 
auger  beneath  the  stump  and  then  loading  It.  did  not  either  blow 
the  stump  out  or  shatter  It  bo  that  lh«  grubbers  wer*  able  to 
'ndle  It. 
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The  COM  of  gniliblnK  the  rooU  after  blasting;  was  as  tollowa : 

Foranan     |  (0.00 

Laborers     2T7.38 

Total     ISIT.S* 

Thia  makes  a  cost  per  acre  of  tSE.2B,  or  fO.ttS  per  atump,  which 
makes  a  total  coat  of  fO.SlS  per  stump  for  blasttiiK  and  srubblnE, 
The  grinding  of  the  axes  for  chapping  cost  |5.B7.  or  EE  eta.  per 
acre,  and  an  allowance  of  ii  per  acre  muet  be  made  far  tool& 

At  the  same  time  the  blasting  began  the  chopping  gang  began 
to  cut  the  tree  trunks  up  Into  cord  wood  and  saw  logs,  while  the 
cleaning  gang  was  set  to  grubbing  the  roots  and  the  remains  ot 
the  stumps  after  the  blastere  The  saw  logs  and  cord  wood  wera 
bauled  away  under  another  contrsct. 

The  making  of  cord  wood  took  eight  days  and  coet ; 

Poreman     110.00 

Laborers     81.26 

Total    I91.3B 

This  was  a  cost  of  (10.14  per  acre.  Unfortunately  the  wood 
was  not  corded  up  before  being  hauled  away,  so  no  accurate 
record  was  made  of  the  amount,  but  there  were  between  ITS  and 
SOO  cords.  Indicating  a  cost  of  about  SO  cts.  per  cord  alter  the  trees 
were  cut  down. 

Prom  the  above  wa  can  obtain  the  total  coat  of  the  entire  Job 
(9  acres),  which  was  as  given  below: 

Total.  Per  acre. 

Chopping     t    1E3.S1  t  1S.S4 

Grubbing  and   clearing 13$.T4  IS.53 

Uaking    cord    wood S1.2S  10.14 

Blasting     663.S9  T3.TS 

Grubbing    after    blasting 317.36  3E.20 

Grinding    axes 6.87  0.6B 

TOoJb     ai.oo  B.OO 

Total    fl,ie8.4i         |ies.26 

This  Is  not  much  different  from  the  cost  of  the  work  recorded  by 
Mr.  Julian  Qrlgg  In  the  following  paragraphs. 

Cost  «f  Clearing  and  Grubbing  for  a  Railway.* — One  ot  the  Items 
ot  work  to  be  done  In  grading  a  railroad  la  generally  the  clearing 
and  grubbing  of  the  land-  Under  some  contracts  and  specifications 
this  work  Is  paid  for  as  one  Item,  under  others  as  two  Items  as 
clearing  and  as  grubbing,  while  under  other  forms  of  contracts 
this  work  Is  Included  tn  that  of  excavation. 

The  method  at  paying  tor  clearing  by  the  acre  as  one  Item  and 
gnibt^ng  as  another  Item  Is  to  be  commended.  In  order  to  do 
the  excavation  all  the  land  must  be  cleared,  but  In  addition  to  the 
area  naed  tor  the  cuts  and  embankments,  the  entire  width  ot  the 
right  of  way  must  be  cleared,  and  overhanging  trees  and  branches 
must  be  cut  away.  On  the  other  liand  there  is  no  need  ot 
grubbing  the  area  occupied  by  the  embankmeota,  nor  that  on  the 

*B'^gi»eeTi'^g^Cl>ntract^ng,  Dec.   3E,   1S07. 
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right  of  way  not  Included  In  th«  cut*,  hence  there  Bhould  be  no 
reason  why  thla  area  »hould  be  Included  In  the  payment  LJkewlae 
the  method  at  doing  the  excavation  will  very  materially  eltect  the 
coBt  of  the  Krubblng,  while  It  doee  not  play  any  part  In  the  cost 

When  ateam  shovelB  are  used  the  grabbing  cost  Is  small,  as 
this  machine  wUl  undermine  the  stumps,  causing  tbem  to  tall 
into  the  pit,  where  they  can  bo  loaded  onto  the  cars  by  means  of 
chains,  attached  to  the  dipper  teeth.  This  work  retards  the 
progress  made  by  the  shovel,  but  the  cost  o(  grubbing  is  greatly 
reduced,  and  a  contractor  could  afford  to  bid  a  low  price  on 
the  grubbing  when  done  with  a  steam  shovel.  If  it  Is  not  lumped  In 
with  the  clearing  or  other  work. 

When  grubbing  la  done  In  connection  with  rock  ezckvatlon.  Its 
cost  Is  small  as  the  stumps  are  shot  out  with  the  blasting  of 
the  rock,  and  the  only  additional  expense  Is  to  dispose  of  the 
stump.  This  will  have  to  be  done  by  hand  and  will  be  work  that 
the  contractor  will  charge  for  under  grubbing. 

When  grubbing'  Is  done  for  scraper  work  the  stumps  and 
largest  roots  must  be  blasted  and  dug  out,  and  the  work  IB  much 
more  expensive  than  with  rock  excavation  and  steam  ahovel  work. 
although  a  large  railroad  plow  In  loosening  the  ground  will  cut 
and  break  up  many  of  the  roots,  so  that  they  do  not  have  to  be 
grubbed. 

The  grubbing  for  elevating  grader  excavation  must  be  done 
much  more  thoroughly,  than  that  for  scraper  work.  The  slump* 
anil  large  roots  must  not  only  be  grubbed,  but  all  the  small  btiA 
stubs  and  roots  must  also  be  cut  out  This  Is  necessary  as  the 
grader  plow  will  not  cut  these  roots,  as  the  pull  on  the  plow  Is  a 
steady  one,  unlike  that  of  a  breaking  plow,  which  can  l>e  run 
In  Jerks,  while  the  plowman  can  shake  up  the  plow,  which  Is  a 
considerable  help.  In  grubbing  for  a  grader  It  Is  not  advisable  to 
blast  the  stumps,  aa  this  makes  large  deep  holes,  which,  after  raln^ 
t>ecome  full  Ot  water  and  soft,  thus  causing  the  traction  engine 
and  grader  to  mire  In  these  holea  For  this  reason  where  thei« 
are  many  stumps  ot  S  Ins,  or  more  In  slse  a  stump  puller  should  be 
used.  The  stump  puller  does  Its  work  much  better  than  blaatlnK 
as  It  will  not  only  pull  up  the  stump,  but  also  all  the  large  roots 
and  many  of  the  small  one*.  Nor  does  It  leave  a*  large  a  hole 
as  a  blast  does.  Its  work  Is  a*  economical  as  blaatlng,  and  at  times 
Is  much  cheaper.  The  small  nubs  and  roots  must  all  be  grubbed 
by  hand.  To  do  efficient  work  of  grubbing  for  a  grader,  after 
the  large  Mumps  have  been  pulled,  men  should  be  spaced  a  few  feet 
apart  and  the  entire  area  gone  over,  the  men  working  In  rows 
grubbing  up  everything  that  may  effect  the  working  of  the  grader. 
This  makes  grader  grubbing  more  expensive  than  that  of  any  other 
grubbing  for  ordinary  excavation   work. 

The  Job  to  be  described  was  the  clearing  and  grubbing  on 
nine  miles  of  railroad  construction.  Most  of  the  line  was  through 
1  flelds.  but  In   11  places  varying  in  length  from  lOO  to 
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1,600  ft.  there  was  clearlnc  to  be  done.  In  all  there  were  Wi, 
acTvn,  of  which  1 14  acres  were  over  areas  upon  which  einbankmenta 
were  to  be  made,  while  13  acres  were  In  cuts,  hence  there  was  b«th 
ctearltiK  and  grubbing  to  do.  The  excavation  was  to  be  done  by  an 
elevatlnv  grader,  and,  as  stated  above,  the  grubbing  had  to  be 
done  more  thoroughly  than  It  would  have  been.  If  other  methods 
of  excavating  had  been  employed. 

The  flrat  work  done  was  to  clear  the  ground.  Most  of  the 
brush  was  burned,  but  some  of  It  and  the  laga  were  rolled  to  the 
ed.Ke  of  the  right  of  way  and  piled  up.  The  trees,  of  the  slse  of 
e  Ins.  or  more  In  diameter,  numbered  about  40  to  the  acre ;  but 
there  was  a  very  rank  undergrowth  of  bushes  and  saplings,  the 
stumps  and  roots  of  which  all  had  to  "be  erubbed.  The  work 
was  done  by  contract,  and  the  men  working  upon  the  ]Qb  were  not 
experienced  woodsmen  or  axemen,  but  were  such  as  could  be 
obtained  at  the  labor  market  centers.  Many  of  them  were  for- 
eigners. The  wages  paid  Co  the  foreman  was  fZ.EO  and  to  the  men 
tl.SO  per  ten  haur  day.  A  waterboy  was  paid  tl.OO  per  day.  In 
the  clearing  gang  an  average  of  12  men  were  worked,  some  using 
axes  and  others  brush  hooks.  The  brush  was  piled  by  hand,  no 
forks  being  used,  and  the  logs,  (ew  being  more  than  3  ft.  In 
diameter,  were  cut  short  and  rolled  by  means  of  hand  sticks. 
Some  few  were  carried  by  the  men  with  these  sticks. 

The  cost  per  acre,  there  being  as  stated  14^  acres,  was: 

Foreman     %  4.E9 

Hen     27.10 

Water    boy 1.36 

Total  cost  clearing  per  acre 133.06 

The  grubbing  was  done  by  a  gang  of  men  averaging  IE.  The 
wages  were  the  same.  Some  few  of  the  larger  stumps  were  blasted, 
and  their  roots  afterwards  grubbed.  Dynamite,  costing  IS  cts. 
per  lb.,  was  used  for  this  blasting.  No  separate  record  of  the 
stumps  that  were  blasted  nor  of  the  explosive  used  for  each  was 
kept,  only  the  total  cost  ot  the  explosives  being  kept,  and  the 
labor  o(  blasting  was  Included  In  with  the  other  grubbing.  About 
B  stumps  were  blasted  to  the  acre. 

The  cost  per  acre,  there  being  but  13  acres  to  grub,  was: 

Per  acre. 

Foreman    t  4.E4 

Men     38.84 

Water   boy l.gl 

Bxploslves     i.6A 

Total  cost  grubbing  per  acre (47.73 

The  men  used  long  cutter  mattocks  and  short  handled  shovels  In 
grubbing  the  stumps  and  roots.  There  Is  but  little  doubt  that  this 
cost  of  gioibblng  could  have  been  reduced  by  the  use  of  a  stump 
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puller,  but  the  contractor  did  not  own  one,  and  thought  the  iob 
too  amal]  to  JUMIfj'  purchailng  such  a  nactilne. 

The  total  cost  lor  clearing  and  grubbing  was  aa  followa:  I 

Foreman     t  8.74 

Men    Bt.G4 

Water   boy S.OO 

BxploBlves    SS.OO 

Total  clearing  and  gmbblDg  per  acre tTt.SO 

The  tools  used  for  this  nork  cost  about  tSD,  but  with  the 
exception  of  the  tmiah  hooks,  they  were  all  ueed  on  other  wot*, 
hence  to  charge  half  tbelr  coat  to  this  Job  would  be  •ufflclent. 
This  means  a  charce  for  tools  of  |S  per  acre.  rnnfc|«g  a  total  ot 
(TS.BO.  This  work  was  being  done  at  the  same  time  that  Krading 
and  other  connnictlon  was  going  on,  hence  the  charge  to  be  added 
for  general  expense,  such  as  Bupertntendence  and  office  ezpenaes 
would  be  anall. 

This  clearing  and  grubbing  was  not  paid  for  by  the  *cre^  but 
the  work  was  Included  with  the  grading,  and  th«  price  of  eicavatlon 
covered  the  clearing  and  grubbing.  There  was  90,000  cu.  yds.  of 
earth  excavation  on  the  9  miles  of  road,  bence  the  coat  of  clearing 
ftnd  grubbing  amounted  to  about  1^  ct.  per  cu.  yd.  of  earth.  If 
elevating  graders  had  not  been  used,  the  coat  with  the  same  forces 
doing  the  work,  would  have  been  less  than  I  cL  per  cu.  yd. 

Another  example  of  clearing  and  grubbing  Is  given  below.  Five 
acres  of  woodland  were  to  be  cleared  and  grubbed  of  all  bushes  and 
worthless  saplings,  vines  and  briers.  The  undergrowth  was  dense. 
None  ot  the  trees  were  Co  be  cut.  The  clearing  was  done  by  a 
contractor,  but  he  was  paid  "force  account,"  that  Is  by  the  day 
plus  a  percentage  for  his  work.  The  wages  paid  were  the  same  M 
In  the  example  just  given.  The  brush,  old  logs  and  other  debris 
bad  to  be  burned,  and  care  had  to  be  exercised  that  none  of  the 
trees  were  Injured,  as  the  woods  was  to  be  made  into  a  iiarlc  The 
cost  of  clearing  was  as  follows: 

Far  Mrs. 

Foreman     t  T.tE 

Men     »4.0* 

Water   boy 1.00 

Tolal    »»4.J1 

This  work  was  done  In  the  fall  of  the  year,  and  the  weather  waa  { 

Hxceptlonally  good.  The  following  spring  the  ground  had  to  b« 
thoroughly  grubbed  In  order  to  plajit  grass  seed  In  the  woodland. 
This  work  was  done  with  mattocks,  every  Inch  ot  the  ground  being 
gone  over,  brier  roots,  old  stubs  and  all  roots  of  bushes  being  dug 
out.  There  were  also  a  few  old  stumps  Chat  had  to  tw  taken  out. 
but  ''he  work  was  mostly  the  small  surface  roots  ot  bushes  Mpllngs 
ana  briers.    After  the  ground  was  gone  over  with  mattocluk  steel 
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rakes  were  uwd  to  rake  out  the  roots,  and  put  them  In  pitea. 
WbeelbarrowB  were  then  used  to  haul  them  away  to  a  waste  pile, 
where  they  ware  allerwardB  burned,  when  they  had  dried 
nifflclently. 

ThJe  work  had  to  be  well  done,  or  else  the  grass  seed  would  not 
make  a  good  aod :  that  an  excellent  sod  wan  obtained  In  one 
oeason,  was  evidence  Chat  the  work  was  well  done.  Company 
forces  did  this  srubtilnK,  the  rates  of  wagefl  being:  Foreman 
tS.EO  for  g  hours,  and  laborers  fl.EO  (or  9  hour*.  The  coat  ot  tha 
KTUbblng  was: 

Foreman     %  4.20 

Hen     61.30 

Total    »B6.5I) 

This  gtves  ua  a  total  cost  for  clearing  and  grubbing  of  tllS.Sl 
per  acre.     To  this  should  be  added  (2.00  per  acre  Cor  tools. 

If  this  work  had  been  done  by  contract,  it  could  not  have  been 
done  better,  but  there  Is  little  doubt,  that  the  cost  would  have 
been  less. 

Cost  of  Transporting  Logs  by  Driving  and  by  Trains,*— Practi- 
cally one-third  of  the  lumber  used  for  pulp  and  |>a|>er  In  the 
state  of  Maine  comes  down  the  Kennebec  waters.  The  annual 
drive  In  the  main  river  usually  amounts  to  about  150,000,000  ft 
B.  M.  In  Water  Supply  and  Irrigation  Paper  No.  198,  Mr.  H.  K. 
Barrows  gives  Some  data,  as  to  the  cost  of  driving  on  the  above 
waters,  the  data  being  compiled  from  the  reports  of  the  Kennebec 
Log  Driving  Co.,  which  controls  the  drives  In  the  main  river,  the 
Uoose  River  Driving  Co.  and  the  Dead  River  Driving  Co.  These 
companies  drive  the  logs  ana  apportion  the  cost  as  a  tax  per  M.  ft, 
this  tax  varying  with  (ha  distance:  this  tax  Is  the  cost  per  M,  ft. 
for  logs  driven  the  distance  for  which  the  full  tax  applies.  In  the 
table  below  the  cost  of  log  drivlnfr  on  Kennebec  River  and 
tributaries,  I901-1H0S,  Is  given,  the  cost  per  ton  mile  being 
approximate  and  calculated  on  the  basis  chat  l.OOO  It.  B.  U. 
welsbB   1,600   lbs.; 

Average  — Cost  of  driving — 
X.     tax  Per  mile.  Per  ton. 

Drive.                            Uiles.      per  M.  Thousand.  Mile. 

Kennebec   Hver »1         10.41  t0.004G  10.0028 

Kennebec    river 24              .12  .OOSO  .0028 

Dead   river i3            .88  .0089  .OOBl 

Hoose   river IT          ....  .024  .014 

Hoosehead  lake  (Hooee 

rtver  to  lake  outlet, 

logs   towed    by   boat)        >            t-13  .012  .0074 

The  figures  cover.   In  addition  to  the  coat  of  driving  itself,  tba 
'.  13,  1907. 
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other  charge*  erialnK  In  canylns  on  Uiia  vork  nich  as  coatB  of 
dama,  improvement  o(  chaonel,  boema,  etc.,  a<  well  Et>  eiacutlT* 
charcea.  Ifany  Important  chongea  have  been  niade  during  tb* 
Derlod  covered  by  the  above  costa  and  consequently  the  onlt  casta 
are  higher  than  they  would  bave  been  had  a  longer  aeries  of  years 
been  considered.  From  the  above  table  It  appeara  that  the  coat 
of  log  driving  per  ton  mile  varies  from  at>out  one-fourth  to  lU 
eta.,  depending  on  the  diatance  driven  and  dllllculties  experienced. 
The  average  freight  rate  In  the  United  States  at  present  Is  about 
0.8  ct  per  ton  mile  and  tor  the  New  England  group  of  rallroadB 
1.20  eta.  per  ton  mile.  TTnder  exceptionally  favorable  clrconi- 
atancea  rates  as  low  aa  O.t  ct.  per  ton  mtle  have  been  granted  lor 
coal  tranaportatlOD  from  the  coal  Oelds  to  tide  water.  For  the 
aake  of  comparison  rates  during  1908  for  log  tronqmrtotlon  on 
the  new  Somerset  By.  extension  are  given  below: 

Average  Charge  Cost  of  transportation. 

Logs  shipped       distance,  per  ft.  Per  mile.       Per  ton. 

from  Moscow  to.        miles.  B.  U.  Thousand.             Hike. 

Bingham    12  tl.TG  lO.lIt              10.080 

Solon     20  2.00  .100                  .OCT 

North    Anson 2S  'I.EO  .0S2                  .010 


Cost  of  Cordwood  and  Cost  of  ■  Wire  Rope  Tramway — Mr.  B. 
Mclntire  gives  the  following  about  a  wire  ropeway  built  by  him  la 
1834  in  Mexico.  He  states  that  when  the  Inclination  of  an  endleaa 
traveling  ropeway  la  greater  than  about  i  In  T  It  will  run  by 
gravity,  the  speed  being  controlled  by  a  brake.  A  ropeway 
running  200  ft  per  mln.  with  buckets  at  intervals  Of  18  ft.,  each 
carrying  160  lbs.,  will  deliver  20  tons  per  hr.  By  using  two  dlpa 
close  together  on  the  rope,  loads  of  TOO  ItM.  per  bucket  may  be 
carried.  This  particular  ropeway  was  used  for  carrying  cordwood 
to  a  mine.  Its  total  length  was  lO.llG  ft.  between  terminals,  and 
the  difCerence  in  elevation  was  3.BTE  ft.  The  longest  span  between 
towers  was  l.OSE  ft.,  the  shortest.  104  ft.;  there  were  10  towen 
and  two  terminals.  Hewed  timbers  were  used  for  the  towers, 
being  much  better  than  round  tlmt>ers  in  maintenance.  The  rope 
was  13/16-ln.  dlam.,  plow  steel,  ol  aoo,ODO  Iba.  strength  per  ail.  In., 
bought  of  the  California  Wire  Worka  It  waa  transported  on  T 
mules  In  lengths  of  2.2E4  ft.,  each  mule  carrying  a  colt  HI  ft. 
long,  with  a  piece  10  fL  long  between  mulea  The  coils  were  M 
Ina  diam.  There  were  3  men  required  to  every  7  muloK  Car* 
must  be  taken  to  lead  the  mules  on  a  steep  ascent  to  prevent  a 
sudden  rush  that  may  throw  a  mule  over  a  precipice.  The  rope- 
way, after  erection,  was  lubricated  t>est  by  using  black  Wast 
Virginia  oil  (Instead  of  tar>,  applied  continuously  at  the  rate  of  « 
drop  a  minute.     This  was  vastly  better  than   Intermittent  olUag, 
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The  e««t  ol  this  ropewar  was  as  tollows; 

Upper    terminal $  191. 45 

Lower    terminal Z1S.00 

E  trees    atted    for    towers 103.00 

e  towers     864.2B 

Counterweight    tower 109.00 

RemodeliDK    towers 181.00 

Stretching,    spllciiiK  and    mounting   rope,    al- 

tocblnK  clips  and  baskets 2EB.00 

Total  labor  cost  of  construction t  2.123.70 

Opening  and  maintaining  roads 1.S3S.I0 

Ropeway,   materials  and   transportaOon 1E.4G4.00 

Total  cost  In  running  order (19,400.00 

This  Is  equivalent  to  about  tlO.DDO  a  mile.  During  t>  mos.  th« 
ropeway  was  operated  at  a  cost  of  t400  a  month,  and  handled  0(0 
cords  per  month :  the  Items  of  cost  being  as  toilows  for  B  moa : 

1  brakeman,  at  |E2  per  mo t  4Sg 

3  men  flUlng^  at  ti«  per  mo.  each 7D2 

1   man  dumping,  at  140  per  mo SIO 

1  man  looking  after  line  and  oiling,  at  t!R 214 

Oil     117 

Repairing  (very  heavy,  t2.2E  per  day) E20 

2  men  wheeling  wood  away  from  terminal 468 

2  men  receiving  wood  from  choppers  and  deliver- 
ing it  to  packers 701 

Total  for  9  mo*. |3,ST7 

It  will  tM  noted  that  the  cost  of  labor  was  low,  being  |1  a 
day  for  commoD  labor.  The  cost  of  cutting  and  delivering  wood 
to  the  tramway  was  tl-10  per  cord,  and  the  cost  of  transporting 
by  the  tramway,  as  above  given,  was  60  cts.  per  cord  (not 
Including  interest  on  the  plant).  During  the  previous  year  the 
cost  of  cutting  and  teaming  wood  had  been  (12  per  cord.  The 
total  saving  to  the  company,  after  deducting  cost  of  tramway,  was 
$(3,500  the  flrat  year. 

Cost  of  planting  Trees  at  Washington,  D.  C* — During  the  llscal 
year  ending  June  30.  1909,  the  Office  of  Trees  and  Parkings,  of 
the  Engineer  Department  of  the  District  of  Columbia,  set  out 
S.9SS  young  trees  In  the  various  streets  of  'Washington  and  the 
DIatrlct.  Of  this  total  1.408  trees  were  pUnted  In  the  fall  season 
and  the  remainder  in  the  spring  season.  The  principal  kinds 
of  trees  planted  were  elm,  610 ;  Norway  maple,  81E ;  pin  oak. 
IIS;  silver  maple.  49E.  and  sycamore,  978.  The  labor  cost  o( 
planting  the  trees  was  as  follows; 

Total.  Per  tree. 

Miscellaneous  nursery  work t  i,l(&  10.794 

Dl^ng    tree    holes 9,897  2.1S2 

Planting  trees 2,394  .600 

Total    labor tlE,4E6      "|3.g'7( 

'Ent^lttterlng-ConfTaBlinii,  Dec  29,  1909. 
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The  coat  ot  lumber  (or  tree  boxes  and  stakes,  straps,  strap  tmo 
and  nsllH  amounted  to  tl,41  per  tree.  This  added  to  the  labor  coat 
makes  the  cost  per  tree  t5,2B6.  This  cost  Is  an  Increaie  ot  nearly 
16  per  cent  over  the  coat  of  almllar  Work  In  the  prevloua  yeAT, 
the  principal  reaaon  being  the  Increased  cost  o(  skilled  labor  and 
the  very  larKe  amount  of  nursery  planting  done. 

Coat  of  Tree  Plantina  by  the  Massachusetts  Hlohway  Cotnrnls- 
slon.*— In  1904  the  Maasachuaelta  Highway  Commission  began  ths 
planting  of  trees  along  state  roads.  The  total  number  of  trees 
planted  that  year  was  3.907,  the  varietlea  being  fta  tollowa:  1.T11 
maples,  sugar.  Norway  and  white;  618  oak,  red,  scarlet,  white  and 
pin;  1.000  elm.  20T  poplar  and  some  white  pina  and  locust.  The 
total  cost  of  these  trees  In  their  final  location.  IncludfnK  trans- 
planting In  a  temporary  nuraery.  care,  manure,  superintendence 
and  labor,  waa  t4,34S.SS,  or  an  average  of  tl.l4  per  tree.  Durtnc 
the  fall  ot  1304  there  waa  an  unuaually  severe  drought,  which  had 
a  marked  eftect  on  the  trees  planted  at  the  tlma  The  total  loss 
of  trees  was  IB  per  cent,  thla  loaa  being  traceable  In  a  large  degree 
to  the  dry  wenlher.  As  a  result  greater  care  was  taken  In  190S  In 
preparing  the  ground  for  the  reception  of  the  trees.  In  190E  the 
commission  began  placing  In  the  state  nursery  all  trees  received 
from  the  nurserymen,  so  that  the  trees  might  get  added  development 
of  root  fibers.  Thla  made  necessary  two  transplant! ngs  before  the 
tree  reached  its  final  location.  The  cost  of  trees,  transplanting, 
preparation  of  ground  and  final  planting.  In  ISOE,  was  tl.Ol  per 
tree.  The  original  coat  of  each  tree  was  higher  in  1904.  but  mors 
care  was  given  to  the  preparation  o(  the  ground.  The  work  for 
the  year  was  as  follows  :  Trees  replaced.  T2fi  ;  new  plantings.  I.IIS ; 
Vines  planted,  SOD.  In  1906  the  systematic  planting  of  trees  along 
the  state  highways  was  continued.  2, fill  new  trees  being  planted 
that  year.  In  addition  l.Oll  trees  were  replaced.  The  coat  of 
planting  the  new  trees  In  1906,  Including  the  cost  of  tree  and 
every  expense  connected  therewith  waa  (1.10  each.  The  cost  of  tlis 
maintenance  of  trees  planted  previous  to  1908  was  IB  cts.  per 
tree,  and  Including  the  cost  of  replaced   trees  20  cts. 

Cost  of  Dlgo'no  Hales  and  Planting  Trees  and  shrubs.t — In  carry- 
ing on  many  earthwork  Jobs,  the  engineer  not  only  has  to  thtok 
and  plan  for  the  engineering  features  of  the  work,  but  also  has 
to  conaider  the  artistic  side,  namely,  the  landscape  features.  This 
Is  rapidly  becoming  the  case  with  railroad  work,  as  the  right  of 
way  of  some  of  our  larger  roads  Is  being  terraced,  hedges  planted, 
and  banks  sodded  or  seeded,  and  the  station  grounds  made  Lata 
smooth  lawns  with  shrubs  and  trees  to  ornament  them,  and  wdl 
kept  drives  laid  out  through  the  grounds.  Sewerage  disposal  pUntK 
reservoirs  and  filter  beds  are  llkewtae  treated  In  this  manner.  This 
has  made  landscape  architecture  or  engineering  more  prominent, 
and  the  civil  engineer  finds  that  he  must  give  attenUoQ  to  tbest 

1908. 
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matters.  It  he  has  much  or  this  work  to  do  he  will  call  In  a 
ttxpert  on  the  subject,  but  If  the  work  does  DOt  warriuit  th 
expense,  he  will  attend  to  the  details  himself. 

The  cost  of  trees  can  be  obtained  from  any  nursery  company, 
but  the  cost  of  planting  l>  more  dlfOcult  Co  obuin. 

One    of    the    editors    of    this    Journal    has    done    this    work    upon 
several  occasions,  and  the  followlne  costs  were  kept  several 
B«o. 

The  trees  In  Ihe  first  example  were  known  ae  4  to  6  In.  trees 
Is.  trees  measurlns  from  4  to  6  In.  In  diameter.     They  were  maples 
and  poplars,  and  were  bought  In  the  early  spring  and  "healei^" 
on  a  nearby  lot  to  be  planted  later. 

BsampU  1,  In  this  lot  there  were  80  trees.  The  Eround  had 
been  graded,  to  a  depth  of  1  to  5  feet,  hence  there  was  no  soil  lefL 
For  this  reason  It  vas  necessary  to  dig  a  deep  hole  and  fill  It  in 
with  Kood  Boil  BO  as  to  give  the  tree  every  chance  of  growing. 
Tbe  vread  of  the  roots  was  about  2  ^  ft  on  the  treeK  hence  a  hole 
6  ft.  In  diameter  and  E  ft.  deep  was  dug.  Two  men  working 
together  dug  the  holes,  digging  four  such  holes  in  ft  day.  A  pick 
and  short  shovel  were  used  by  them.  The  dirt  Was  thrown  on  tlie 
Bide  of  the  hole,  wheel  scrapers  moving  It  away,  but  this  cost  was 
not  charged  against  the  tree  planting  as  It  saved  borrowing  that 
much  earth  elsewhere,  hence  this  was  charged  agulnst  the  borrow 
that  was  being  made  to  fill  In  an  adjoining  marsh.  In  each  hole 
there  was  S.t  cu.  ydK  o(  earth.  The  wages  paid  for  a  nine-hour 
day  were  as  tallows: 

Foreman     tS.BO 

Men    1.60 

4-horse  team  and  driver 7.50 

1-horse  cart  and  driver S.GO 

About  six  men  worked  In  the  gang,  and  the  cost  of  digging  the 
80  holes  was: 

Foreman.    RH    days t22.TS 

Men.    40    days SO.OO 

Total      182.76 

The  cost  per  hole  was: 

Foreman    lO.Sg 

Men     0.T8 

Total    H.OJ 

This  gave  a  cost  per  cubic  yard  of  earth  excavated  as  follows: 

Foreman     »o.0» 

Men    0.21 

Total  cost  per  cubic  yard t0.t9 

It  roust  be  remembered  that  this  kind  of  excavation  Is  very 
stmllar  to  trench  work,  and  also  to  shaft  sinking,  as  the  picking  Is 
always    from    the   top    of   the   excavation,    and   In    shaveling,    the 
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t   easily   aa   when   working-  against   a 

In  planting  these  trees  soil  had  to  be  hauled  neveral  hundrnt 
(e<'t  from  nearby  stock  pllea.  Wood  earth  wbb  also  hHuled  from  a 
piece  of  woodland  a  hnlf  a  mile  away.  Twenty-flve  cents  a  ysnl 
WQB  paid  for  the  prlvllsRe  of  getting  It.  and  the  coat  of  haultns  and 
loading  it  Is  Included  In  the  cnat  of  the  tree  planting.  A  (our- 
lior»e  dump  wagon  that  carrleil  2  cu.  yds,  each  trip  was  used  for 
this.  This  wngon  also  hauled  some  loads  of  "mulch"  ft-oiD  the 
seashore  cloae  by,  a  haul  not  exceeding  TOD  ft.  A  cart  waa  used 
to  haul  soil  and  water. 

The  method  of  planting  the  trees  consisted  tn  fltllng  In  the 
bollom  of  the  hole  for  about  2  ft,  with  soil,  then  using  a.  mixture 
of  soil  and  woods  earth,  to  till  up  the  hole  within  a  few  Inches  of 
the  top.  The  roots  of  the  tree  were  covered  with  about  10  In. 
of  this  mixture  .of  soil.  The  last  tew  Inches  waa  of  the  "molch" 
from  the  seashore,  as  this  kept  the  ground  moist  and  prei-ented 
It  from  baking.  As  the  tree  waa  planted,  plenty  of  water  was 
poured  around  It,  The  placing  of  rich  soil  around  the  roots  and 
the  watering  allowed  the  fibrous  roots  to  begin  at  once  to  lake 
nourishment  for  the  tree.  The  planting  was  done  In  the  summw 
time,  thus  making  it  necessary  to  take  unusual  precaution  that 
the  tree  should  grow.  After  the  trees  were  planted  they  were 
watered  and  sprayed  each  day  that  It  did  not  rain. 


The  cost  of  the  tree  planting  for  these  SO  trees  u 

^a  as  foUows: 

..t90.1E 

This  gives  a  cost  per  tree  of  the  following: 

.. .11.13 

This  makes  a  tola!  cost  per  tree,  of  digging  the  boles  and  plaot- 
Ing.  of  12.16. 

Examph  It.  Tn  this  case  310  trees  of  about  the  same  slM  were 
planted.  The  worti  wiis  done  In  the  fall  of  year,  after  the  asp  wa» 
down,  and  the  ground  In  which  they  were  planted  bad  several  fret 
of  fairly  good  soil  on  It.  The  tree  holes  were  made,  for  thli 
reason,  G  ft.  In  diameter,  but  only  1  ft.  deep.  This  meant  Um 
excavnjlon  of  2.9  cu.  yds.  for  enoh  hole.  The  wages  paid  for  ■ 
9-hour  day  were  the  same  as  In  Example  1,  but  Instead  Of  working 
only  about  six  men  In  the  gang,  about  H  men  were  worked.     It 
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will  be  noticed  that  this  materially  reduced  the  foreman  coat.    The 

coHt  of  dlgKlng-  the  270  holes  was; 

Foreman.   \   days I  14.00 

Men,    95    days H2.E0 

Toul     I166.B0 

The  cost  per  hole  was  as  (ollowa: 

Foreman    tO.OE 

Men     O.BS 

Total  lor  hole $0.B8_ 

The  poet  per  cubic  yard  o(  earth  excavate  J  Trom  the  holes  was: 

Foreman     (0.02 

Men    0.18 

Total  cost  per  cubic  yard |0.!0 

A  Fompartson  of  this  with  the  cost  dI  dlgfctng  the  holes  tor  the  80 
trees  will  prove  Interesting.  The  unit  cost  of  the  foreman  was 
reduced  as  explained  by  Increasing  the  size  of  the  crew  of  laborers, 
but  It  will  be  noticed  that  cutting  olt  a  foot  of  the  depth  (26  per 
cent)  of  the  hole,  decreased  the  cost  of  dlgglnK  about  30  per  cent. 
The  cost  of  excavating  per  cubic  yard  was  decreased  11  per  cent. 
Two  men  working  together  nearly  completed   six   1-ft  holes  In  a 

In  plantloK  the  trees  the  Bame  earth  and  soil  that  Was  dug 
from  the  hole  was  put  back,  hence  the  cast  of  planting  Includes  the 
labor  of  l>ack  fllllng,  the  getting  of  the  tree  from  the  "healinR  In 
ground."  the  placing  of  It,  putting  some  little  manure  around  the 
tree  after  It  was  planted  and  watering  ahlle  planting,  No  teams 
were  necessary  for  this,  the  cost  being  aa  follows : 

Foreman,    1  ^    days %  E.S5 

Men.    SE   days S4.00 

Total     159.26 

The  cost  per  tree  was : 

Foreman    %0.i>Z 

Men    0.2O 

ToUl     »0.22 

This  makes  a  total  cost  of  planting  each  tree  of  80  cts..  and 
Illustrates  how  much  cheaper  the  worlt  can  be  done  when  the 
season  Is  favorable,  and  the  soil  does  not  have  to  be  liauled  and 
prepared  to  place  around  the  trees; 

Example  III.  In  this  case  60  evergreen  trees  of  various  kinds 
from  3  ft  to  12  fL  high  were  planted.  Earth  was  taken  up  with 
the  roots,  at  the  nursery  where  they  were  bought,  and  burlap  was 
tied  around  the  roots  to  keep  this  earth  from  falling  off.  As  these 
trees  were  unloaded  from  the  car.  they  were  carried  by  the  men 
directly  to  the  place  they  were  to  bo  planted.  Teams  could  not 
be  used  for  this,  as  tlic  lawn^  which  were  new,  would  have  been 
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ruined  b^  the  paaaage  of  wheels  over  them.  FTom  2  to  4  men 
were  needed  with  hand  atLcka  to  carrr  each  tree.  Ths  holes  das 
were  about  2%  ft  In  diameter  and  about  18  In.  de^.  there  being 
about  6.4  cu.  ft.  of  earth  excavated  from  each  htfle.  The  back 
flUlnK  wae  done  from  this  material,  which  was  piled  up  around 
the  tree,  leavlns  hut  little  excess  to  be  hauled  away  In  wheel- 
barrows. I.arge  pieces  of  canvas  were  laid  down  on  the  grasB  to 
hold  the  excavated  earth,  thus  preventing  the  earth  from  Injuring 
the  Krass.  The  entire  lot  ot  trees  was  planted  In  one  day,  and 
the  cost  consists  of  unloading  the  trees  from  the  car^  carrying 
them  to  place,  digging  holes,  planting  trees,  and  cleaning  up  the 
groimd  and  pieces  of  canvas  afterwards.  The  ground  was  vet 
enough  from  recent  rains  to  do  away  with  watering  the  newly 
planted  trees.     The  entire  cost  of  this  work  was; 

2  foremen,    at    fS.SO t  T.DO 

SS  men,    at    tl.SO 49.G0 

Total     $B8.B0 


Foreman     tO.HE 

Men    0.8SB 

Total    .*«.S10 

Example  IV.  This  Job  consisted  of  planting  1,200  shrubs.  About 
one-third  of  them  were  planted  as  separate  shrubs  or  three  or 
four  plants  In  the  same  hole,  the  rest  being  planted  as  IndgM. 
The  holes  were  dug  1  ft.  deep.  A  foreman  and  S  men  did  the 
work,  taking  the  shrubs  from  the  "healing  In  ground,"  digging 
the  holes,  planting,  back  filling  and  watering.  The  wages  were 
the  same  as  paid  In  the  other  examples.     The  cost  was  as  follows: 

Foremnn.    E    days tH-GD 

Men,    IE    days 22.B0 

Total 1*0.00 

This  was  a  cost  at  a  little  more  tban  S  c«nta  p«r  ihruti.  All  ttM 
work  was  done  by  day  labor. 


SECTION  X. 

BUIUJINQS. 

Coit  of  Ittms  of  Building*  by  Perce ntaaai.— In  any  locality,  It  we 
select  buIldliiBa  at  any  given  class  and  estimate  the  percentag!  ot 
the  total  cost  cbarKeable  to  each  Item,  we  Bud  i  remarkably  small 


ll    J 


BxcBTatloii,   brtdc  and 


Hardware 

Tin,  KBlv.  iron  and  alate 
Qravel  roofliiK 


s 

60% 
'k 


eteel  lintels  and  I 


Total    100%      100%      100%      100%      100%      100% 

Note. — Heating  Is  not  Included. 
VBiiatlon.  For  example,  the  hardware  Item  In  brick  restdences  aver- 
asea  about  S%  ot  the  totAl  cost  of  the  building  whether  the  buUdlns 
costs  tlO.ODO  or  ISO. 000.  For  a  110,000  buIIiUnt:  the  hardware  costs 
flO,000  X  3%,  or  (300.  For  a  160,000  building,  the  hardware  costs 
160,000  X  3%,  or  }1,500.  In  making  preliminary  eatlmates  □(  cost  It 
ia  often  mfnclently  cloae  to  estimate  one  or  two  of  the  large  Items 
and  calculate  the  reet  by  percentagea  Every  builder  and  architect, 
therefore,  should  analyse  the  actual  cost  of  each  Item  of  a  number 
of  typical  balldlngs,  and  reduce  the  analyils  to  percentages.  Where 
foundation  work  Is  dlfltcult  and  variable.  It  la  well  to  exclude  the 
tonndations  In  forming  a.  table  of  percentages,  such  as  the  one  on 
thla  page-  It  Is  also  well  to  carry  the  subdlvlelons  ot  coat  atlU 
farther ;  but  for  the  ptupOM  of  example,  the  foregoing  table  serves 
to  IlluBtratet 

ioe» 
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Coat  or  BulldlnQi  P*r  Cu.  Ft^-In  order  epproxlnu.tc1y  to  esti- 
mate the  cost  of  any  proposed  building:  for  whlcli  plans  have  not 
yet  been  prepared,  it  Is  convenlcDt  to  estimate  tho  cost  in  ceota 
per  cubic  Cool.  In  the  followlDC  examples  ttie  cubic  contODtt  are 
computed  from  the  cellar  Door  to  tbe  root  (If  the  roof  is  flat),  or 
(In  a  pitch  roo()  to  the  top  of  the  attic  walls  that  are  flnlihed  or 
may  be  finished :  but  air  spaces  and  open  porches  are  not  In- 
cluded.    Measurements  are  from  out  to  out  of  walU  and  founda- 

The  following  IlKurea  i 
St  liOUla,  and  form  part  of  the 
Prices  were  for  the  year  1902. 

Covntrji  Property:  Cta.  p( 

frame  dwelling,  amatl  box  house,  no  cornice 

Frame   dwelllns,   ahlngle  roof,   amall   cornice,   no   sash 

welghlB,    plain C 

Brick  dwelllne,  aame  class 7 

Frame     dwelling.      BhiDgIs     roof,     good     cornice,     sash 

weights,  blinds  (good  house) 1 

Brick  dwelling,   i '-  — 


■hlngle  roof,  not  painted,  plain  tlnlah IH  to 


Frame  barn,  shingle 

Brick    Btore.'  ahlngle    rooif.    painted,    good    ( 

flnlahed    ( 

Frame    church    or    schoolhouse,    ordinary G 

'Brick   church   or   Bchaolhouse.   ordinary 8     lu  ii» 

If  Blate  or  meto!  roof,  add  %  ct.  per  cu.  ft-  to  the  above. 

City  Property: 
Frame  dwelling,  shingle  roof,  pine  floora  and  flnlah,  no 

bathroom  or  furnace,  plain  finish   (good  house) fl      to    T 

Brick   dwelling,    same  clasa B      tol 

Frame  dwelling,  shingle  roof,  hardwood  floor  In  ball  and 

parlor,  bath,  furnace  and  fair  plumbing 8      to  > 

Brick    dwelling,    same    class S      toID 

Frame   dwelling,   shingle  roof,   hardwood   In  first  Boor. 

good  plumbing,  furnace,  artistic  design,  some  Interior 

ornamentation,    well    painted 10      to  It 

Brick  dwelling,  good  plumbing,  bath,  furnace,  pine  fln- 

ish.  well  parnted 11      to  12 

Cost  of  MiEcellineoua  Buildings.— Mr.  Pred  T.  Hodgson  publlshfd 

the  following  In  the  Architects'  and  Builders'  Magailne,  Hay,  ISDl: 

Bathhouses,   complete,   or  for  bftrraeka,   but  not 

supplied  wflh  hot  water,  per  cu.  ft. %  .4Gtot  -S* 

Or  per  bath J80.00  to       «0.« 

Baths,  public,  comprising  swimming  baths,  slip- 
per baths,  laundry,  caretaker's  quarters; 
mnchlnery,  etc..  complete,  per  cu.  ft .SO  to  ,J» 

Breweries,  complete.  Including  buildings,  eel- 
tarnge,  boilers,  engine,  machinery,  coppera, 
liquor  liAthe,  mash  tubs,  coolers,  refnger- 
Btor.  lie  storage,  pumps,  and  all  other  re- 


hurches.  plain,  per  c 

u.  ft.  from 

.U  to 

e-n 

per  cu.  ft,  from 

CottDti  mills,  as  generally  caDstnicted; 

Per  cu.   rt 

Per  Bplndle   

Cow  stables,  complete,  wlCb  Iran  flnlshlns"  and 
fltUngs : 

Per    cu.    ft. 

Per  BQ-  It. 

Par  (SOW   

Second-clasa  8tabl«  with  oommon  attinBa: 

Per  cu.  ft 

Thlrd-claas.  tor  farm,  wood  flttlngB: 


Per  c 


Per  cow   

Drill  halls  or  shedg  tor  Infantry : 

Per  cu.  ft. 

Per  sq.  tt 

Electric  stations  of  i>ower  houses,  buildings 
erected  complete,  exclusive  of  machinery 
and  plant: 


,07  W  to 

»a!oD  to 


buildings,  e 
Per  cu,  ft.... 

Per   bod    

CottHge  hospitals  fi 


complete.     Including    administrative 


Hotels,  coraplele  In  every  particular : 

Flrst-claHS,   per  cu.    ft. 

Second-class,  per  cu,  ft 

Third-class,  per  c"     " 


with    elaborate 

Main  building.  It-tt.  celling,  per  cu.  ft,... 

Per   sq.    ft 

Additions,  11-ft  ceilings,  per  cu.  ft 

Per  Bt.  ft 

" ^  -' — — Large     mansion     of     ordinary 


Uain  building,   ] 
Addition*   iier'  r 


;-ft,  ceiling,  per  c 


Hel^t  of  celling.  11  ft,  per  cU. 

Per   so.   ft 

Fourth-ciaBs— Speculative  build  In  e 
Ceilings,  10  ft,  per  cu.  ft 


1072 


HANDBOOK  OF  COST  DATA. 


Libraries,  public,  complete  In  e 

Per  cu.  It. 

Hunidpal    lodglnB-houaes   tor   cities   and   larx* 

Per  cu.  ft. 

MuneumB.  public: 

For  large  cltlea,  per  cu.  fL 

Hu>lc  lm.ll>,  complete,  per  Ikeai 
datlon : 

For  large  cities    

For  small  cllles  and  towns. . . 
Town  halls,  complete: 

LArga  cities,  per  cu.  (t. 

Small  cltlea  and  towns 

Alternative  prices: 

Basement,  per  cu.  fL 

Superstructure,    per  cu.    (I 

Ornamental  towers,  per  cu.  t 
Theaters,    complete,    per    head    < 

In  large  cities S2.D< 

Small    clIlcB   and   towns 60.11 

Per  cu.  It. 1 

Chimney  shafts,  plain,  as  for  factories,  etc., 
complete.  Including  foundations,  Iron  cap. 
etc.,     height    measured     from    surface    of 

ground  to  top  of  cap  :  Per  ft 

Not  exceeding  100  ft.  in  height t  40.01 

100  ft.  to  180  ft.  high 4E.0I 

ISO  fL  to  250  ft.  high GO.Di 


MM 


Costs  of  concrete  Buiidings.*— A  common  method  of  atatlng  Ihe 
cost  of  buildings  for  approximate  estimates  and  comp^Boai  Is  in 
terms  of  dallars  per  square  foot  of  noor  or  cents  per  cubib  loot  of 
space  Incloned.  Either  unit  has  been  supposed  to  be  a  reliable  om 
for  appronlmate  compBiisona  and  both  have  been  used  rrequenlly  to 
prove  In  Individual  cases  the  economy  or  the  htgb  cost  ot  constntt- 
tlon  work.  In  view  of  tbese  facts  the  following  comparisons  mad* 
by  Ur.    Leonard   C.   Waaon,    president,    Aberthaw   Conslnictlim  Oo. 

Tabim  1. — Cost  op  Pirbpiiom'  Cohpletki   Contkacts. 


Volume 

Floor  area 

u 

Kind  of  Building. 

lncu.tL 

In  »q.  f  L 

Percu. 

B0.4T4 

Highest   

.1 

iii 


'Snglnecrlng-ContraoHitif,  HakIi  10,  1101), 


liSlM  n. — Coer  or   FtBXFOoor   CoupLan   BnnjuMOB. 

Volume         Floor  area   Unll  coat — 

lOna  at  BulldlnE-      lacu.  ft.  Inaq.  ft.      FerciLft.     Fers 


Factory   212,100 

do  1,327,888 

StOrehouW     1,140.000 

Hfe.    building    1,3S0.E00 

Office    693,840 

Factory    105,600 

do  l.£ll,364 

do  180.000 

Ht^ieBt    


Kind  of  Building. 
Omc«  building  .... 
Cold  atorace   

Uicu.fL 
.     U   ,000 

:'■!!  ;|S8 
:3  :i 

.     2$  .TOO 
.     49  ,420 

In  sq.  ft. 
34;g32 

2 '12.066 
38,247 
6V,74E 

Percu.  (t. 

••■: 

:| 

:  IB 

.   06 
.  04 
.   00 
.  9E 

■.11 

Per  »q.  ft 
1.27 

BaS^^^ 

1.38 

S'S.^"-:;::: 

;  1?  :Hs 

1.30 
1.24 

it  variation,  high  and  low 63.8%         57.0% 

Tabi,k  IV. — Cost  or  Mill  ComTBOcnoti  on  SmotrnD-CuLOB  Boildino. 

Volume  Floor  area   Unit  eo« 

Kind  ot  Building.      In  cu.  ft  In  sq.  ft  Per  cu.  ft.     Per  sq.  ft. 

Mill     B44.788  44.17Z  |0.12S              "     " 

Warehouse    2,808,880            .12 

Mill 1.271.300  12S,»20  .0891 

Storehauae     1.714,448  168,696  .059 

Hill     1,622.128  152,200  .058 

Mill      1.331,200  83,200  .054 


Mill    

MIeheM    . 

Boaton,  MasB..  will  be  of  decided  Interest.  In  preparation  (or  a 
study  of  tbe  figures  given  It  Is  Important  to  note  tbat  Mr.  Woson'a 
cotu;lualans   are   that,    after   making   this   comparison,    he   Is   con- 
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vlncea  that  neither  method  Is  accurate  enough  to  put  much  nlisiiM 
on,  but  that  the  aauare  foot  method  U  a  little  aaTer  thaji  the  othar. 

The  comparative  flgureB  compiled  by  Ur,  Wanou  Kre  Klven  In 
Tables  I  to  IV,  Inclusive.  In  each  case  the  total  coet  lnclnd« 
maaonry  and  carpentry  work  without  Interior  flnlsh  or  decoratlns. 
ptumbtnK  and  heating.  The  eltort  hoe  been  made  to  put  the  build- 
ings upon  a  comparative  baslB  as  roBards  the  amount  of  work  done 
on  each. 

The  flrst  table  conslBts  of  the  total  cost  of  actual  contracts  exe- 
cuted. The  second  table  consists  ol  bona  nde  bids  on  complete  buOd- 
InKs  on  which  Mr.  Wason'a  company  were  not  the  lowest  bidden 
but  where  the  difference  was  not  a*  a  rule  verr  ereat  The  third 
and  fourth  tables  are  bona  tide  bids  on  work  by  another  contractor 
whose  experience  was  aimllar  to  tbat  of  Ur.  Wason'a  As  a  rule, 
cubic  foot  measurements  are  given  In  cents  only,  seldom  being  car- 
rled  to  any  cloeer  subdivlston.  In  reference  to  Table  IV  on  second- 
clasB  buildings.  It  will  be  noted  that  for  the  largest  building  a  vari- 
ation of  1  ct.  per  cu.  ft.,  amounts  to  over  t^B.OOO,  while  the  smallest 
one  in  the  list  amounts  to  only  a  Utile  over  tS.400.  Again,  on  the 
last  three  Itcmi^  the  cubic  foot  price  la  practically  Identical,  whll* 
the  square  foot  measurements  correipondInK  vary  by  mora  than 
101)%,  with  no  easily  apparent  reason  In  the  dealgn. 

In  Table  III  another  discrepancy  Is  noticed.  In  the  Urst  and  the 
last  items,  the  hishest  and  the  lowest  per  cubic  foot,  aa  well  as  per 
square  foot  are  on  office  bulldlnss  of  similar  type  which  were  within 
one  mile  of  each  other  where  there  la  no  apparent  reason  tor  sudi 
discrepancy  In  the  design  or  difficulty  or  acceoa  In  the  erection  of  the 
building. 

Cost  of  FIreproor  Offlca  Bulltfing*,— Mr.  F.  J.  T.  Stewart  gathered 
the  following  data  In  1906. 

The  average  cost  of  3  office  buildings  In  Chicago  was  S3  eta  per 
cu.  ft.,  distributed  as  follows: 

Foundations    4.S 

Mason  work IS-t 

Equipment  (eleviiliim.  plumbing,  Uniting,  heating, 

ventilating.  Pte.) IB.tt 

Trim  and  finish 30.0 

Total     100.1) 

The  avemiie  cost  of  4  office  buildings  In  Boston  was  40  eta  per 
cu.  ft.,  distributed  as  follows: 

Percent. 

Foundations   7.0 

StepI  fmme 18.4 

Mason  work t>.G 

Equipment   18,6 

Trim  and  flnlsh !0.6 

Total     100.0 

comparitivs  Cost  of  Wood  and  Steel  Frame  Factory  Bulldlnes,— 
Mr.  H.  a.  Tyrrell  gives  the  following,  based  on  prices  existing  la 
Ohio  in  the  forepart  of  1906. 
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Slow  Burning  Wood  Conatruction. — Tlie  bullcUDK  Is  60  X  100  It., 
alx  sCDiieH  hleli,  contalnInK  B  naora,  a,  root  and  a  cellar.  The 
floors  are  ilesigned  lor  a.  load  of  100  lbs.  per  aq.  ft.  The  building 
has  windows  on  all  four  sides.  The  walls  (brick)  carry  the  ends 
of  the  floor  beams.  The  basement  walls  are  21  Ins,  thick.  Walls  of 
flrat  four  Btorlea  are  17  Ins.  thick;  top  two  atorleik  \i  Ins.  thick. 
Blsht  tiers  of  column^  snaced  20  ft.  apart  In  both  directions. 
cany  the  floors  and  roof.  The  columns  of  the  upper  four,  stories 
ore  yellow  pine,  the  size  being  11  z  14  Ina.  for  the  loweat  of  these 
four  stories.  Betow  this,  round  cast  Iron  columns  are  used. 
llxlK  In.  in  the  flrit  story,  and  12xlH  Ins.  In  tbe  baoemenU 
All  columns  have  cast  Iron  bases  B  ft  square  and  IS  bi&  high. 
Lengthwise  throuEh  the  building  In  the  floors,  run  two  lines  of  12  x 
20-tD.  yellow  pine  header  beams  reslina  on  the  brackets  of  the 
c&st  Iron  columo  caps.  The  crow  floor  beams  are  S  z  IB-ln.  yellow 
pine,  spaced  E  ft.  apart  At  the  columns  they  rest  on  column  caps, 
and  at  Intermediate  points  they  hang  from  tbe  header  beams  by 
wrou^t  Iron  Btlrrupa  In  the  walls  the  cross  beams  rest  on  cast 
Iron  wall  plates,  S  z  20  x  K  In.  The  floor  fa  o(  U-ln-  matched 
maple,  laid  on  1%-ln.  yellow  pine.  The  roof  Is  similar  In  con- 
BtrucUon  and  has  a  tar  and  gravel  coverbig. 

The  following  esllmates  are  for  the  structural  part  ot  the  building 
only.  Including  walls,  columns,  floors,  root,  excavation,  foundation, 
doors  and  windows,  but  not  Including  partitions,  stairs,  elevators, 
plumbing,  heating,  lighting  or  wiring.  ^ 

t.  Excavation   (cu.  yda) 1,800 

2.  Cellar  cement  Boor  (.an,  ft) 6,000 

3.  Foundation  concrete  (cu,  yda) 1!>0 

4.  Brick    (cu.   ft) 33,000 

E.  Windows,  4  x  1  ft, 238 

B.  BooSng    (bq.  ft) 6,000 

T.  Yellow  pine  timber   (M.) 116 

8.  Yellow  pine  flooring  (li) 72 

0.  Matched  flooring  {M, ) 46 

10.  Iron  work  (tons) 46.- 

The  estimated  cost  of  this  design  la  f2E,000,  which  Is  equivalent 
to  6.1  cts.  per  cu,  ft.,  or  '83  els.  per  sq.  ft  of  entire  floor  area. 

The  Interior  framing  of  floors  and  columns  (Including  wall  plates, 
columns   caps  and   bases  and   stirrup  Irons),  Is  27   cts.  per  aq.  ft 

Fireproof  Bteel  Cotntmcf ion.— This  l»  alrallar  in  daalBu  to  the 
abbve,  as  regards  arrangement  of  beams  and  columns.  Riveted 
steel  columns  are  used,  and  the  floors  aie  framed  with  steel  beama 
The  flooring  between  Che  beams  Is  reinforced  concrete^ 

The  quantities  are  as  before  tor  Items  (1)   to   (6)  Incluslvo. 

The  remaining  Items  are: 

T.  Stesl  columnfl   (tons) 105 

8.  Steel  beams  and  wall  plate  (tons) 2E2 

0.  Concrete  floor  and  root  (sq.  ft) 42,000 

la   equivalent    to    10.2    cts. 
r  area.     Floors  and 
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lumna  cost  TG  cts,  per  hi.  ft.  of  lloor  area,  aa  compared  with  27 

s.  for  the  Blow  burning  miH   const  rue  lion. 

Cubic  Foot  Coata  of  Reinforced  Concrete  Bulldlnga.*— Tb«  follow- 

i  coats  are  for  buUdlnga  aclually  erected  and  tber  are  given  bT 

-.  Eralle  O.  Ferrol,  ]£.  Am.  Soc  C  B. : 

Cent*  per  cu-  ft. 

War^ouaea  and  manufacturara S  to  10 

Stores  and  loft  buildings II  to  IT 

Mlacellaneous.  auch  aa  achoola  and  hospltala.  ..IE  to  10 


Fig.   1. 

These  coBlB  Include  the  building  complete,  omitting  power,  heafc 
tight,  elevatora  and  decoratlona  or  furnlahlngK 

Com  of  Mill  Bulldlnga.— Ur.  Charles  F.  Main  Is  autborlly  for  tb* 
following  data,  baaed  upon  eastern  prices  In  1910. 

It  ts  not  sn  uncommon  thing  to  hear  the  cost  of  mill  bulldlnga 
placed  from  TO  eta  to  %\  per  aq.  ft,  of  floor  space,  regardless  of  the 
slie  or  number  of  stories.    There  la.  however,  a  wide  tange  of  coat 

■EnjrineeHnp.ConlrocHnp,  Jan.  2T,  1909. 
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per  squnra  foot  of  Roor  apace,  depending  upon  tho  width,   leogrUi, 
height  of  atorlBB  and  number  of  stories. 

Some  time  ago,  I  placed  a  valuation  upon  a  portion  of  the  prop- 
erty of  a  corporation.  Including  some  400  or  SOU  buildings.  In  order 
to  have  a.  standard  of  cost  from  which  to  start  In  each  case.  I  pre- 
pared a  series  of  diagrams  showing  the  approximate  costs  □(  build- 
ings varying  In  length  and  width  and  from  one  story  to  six  stories 
In  heigh L  The  height  ol  atari es  also  was  varied  for  different 
widths,  being  assumed  la  ft  high  if  2G  ft  wide,  14  fL  If  GO  ft 
Wide,  16  ft.  tor  7B  ft.,  IB  (t.  for  100  ft.  and  over. 


Fig,    2. 

The  costs  used  in  making  up  the  diagrams  are  bated  largtiy 
upon  tho  actual  coat  of  worlt  done  under  average  ^conditions  of 
cost  of  materials  and  labor  and  with  average  soil  for  foundatlona 
The  costs  given  Include  plumbing,  but  no  heating,  sprinklers,  or 
lifting.  These  three  latter  Items  would  add  roughly  10  eta.  per 
•q.  ft.  ol  ffoor  area. 

Vstlmatfl*. — The  accompanying  diagrams,  Figs.  1  to  t,  can  be 
UMd  to  determine  the  probable  approximate  cost  of  proposed  brick 
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at  the  type  known  aa  "slow-bumlnc"  to  be  used  for 
iiring  purposes,  with  a  total  floor  load  of  about   7S   Iba 

.  and  Che*e  can  be  Caben  from  the  diagrams  readily.  Th« 
ere  derived  primarily  to  show  the  estimated  cost  per 
at  of  sroHH  lioor  area  ot  brick  bulldlnss  for  extile  ml  111. 
Lclude  ordinary  foundationB  and  plumbing.  For  example. 
cBlred  to  know  the  probable  cost  ot  a  mill  400  ft  ions 
.  wide,  three  atorlea  high,  refer  to  the  curves  Bhowlng  the 
iree-story   bulldlnga      On   the  curve  for  buildings   100   ft 


i^Msr/f  iff  /inr 

v\e-  J- 

nnd  the  point  where  the  vertical  line  of  100  ft.  In  length  cuu 
urv«.  then  move  horiionlally  along  this  line  to  the  lefl-hasd 
al  line,  on  which  will  be  found  the  cost  of  Si  cts, 
I  cost  given  is  for  brick  manufacturing  buildings  under  average 
lions  and  can  be  modified   If  neoeaaary  for  the  following  coD' 
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nillding 

e  olher  will  be 

(c)  It  the  bundles  1>  to  be  used  (or  ordinary  storage  purposes 
with  low  slorlea  and  no  top  floors,  the  cost  will  be  decreased  from 
about  10%  for  large  low  buildinsE,  to  1i%  for  small  high  ones, 
about  20%  usually  beins  a  fair  allowance. 

(d)  If  the  bulldlngB  are  to  be  uaed  (or  manufacturing  purpo»eB 
and  are  to  be  ■ubstantlally  built  of  wood,  the  coat  will  be  decrea«ed 


1 


Fig.    4. 

(rom    about    6%    (or    large    one-stary    buildings,    to    33%    for    high 
small  buildings;   1S%  would  usually  be  a  fair  allowance. 

(e)  If  the  buildings  are  to  be  used  for  storage  with  low  stories 
and  built  substantially  of  wood,  the  coat  will  be  decreased  (rom 
13%  for  large  one-story  buildings,  to  K0%  for  small  high  bulldlngB ; 
30%  would  usually  be  a  (air  allowance. 

(f)  If  the  total  floor  loads  ore  more  than  76  Iba  per  Bq.  tt.  (he 
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The  cost  of  very  light  wooden  structures  Is  much  less  than  the 
above  figures  would  Rive.  Table  IVa  shows  the  approximate  ratio 
o[  the  costs  of  dllTerent  kinds  of  buUdlngn  to  the  coat  of  those  shown 
by  the  curves. 

Evaluationa, — The  dia.sra.ma  can  be  used  as  a  basis  of  valuallon 
of  dinerent  bulIdlnsB. 

A    building,    no   matter   how    built   r 
build,  cannot  be  of  any  more  value  fi 


Fig.    E. 

put  than  a  modern  building  properly  designed  tor  that  particular 
purpose.  The  cost  of  such  a  modem  buiidlcg  is  then  the  llmlE  of 
value  of  existing  buildings.  Existing  buildings  are  uaually  of  leai 
value  than  new  modem  buildings  for  the  reason  that  there  has  been 
some  depreciation  due  to  age  and  that  the  buildings  are  not  as 
well  suited  to  the  business  aa  a  modern  building  would  be. 

Starting  with  the  diagrams  as  a,  base,  the  value  can  be  approxi- 
mately determined  by  making  the  proper  deduction* 

The  diagrams  can  bo  used  as  a  basis  (or  insurance  valuatloni 
after  deducting  about  G%  for  large  buildings  to  1B%  for  amall  ones. 
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for  tbe  cost  of  (oundatiooa,  as  It  Is  not  customair  to  Include  th» 
loundatloiia  In  tb«  Insurable  value. 

Uae  of  Tablet. — Table  V  shows  the  costs  which  form  the  basis  of 
the  estimates  and  these  unit  prices  can  be  used  to  compute  the 
cost  of  any  bulldillK  not  covered  by  the  diagrams.  The  cost  ot 
brick  walls  Is  based  on  IS  bricks  per  cubic  foot  costing  tlS  per 
thousand  laid.  Openings  are  estimated  at  10  cts  per  sq.  ft,,  In- 
cluding windows,  doors  and  sills. 


Pl«.  t. 

Ordinary  mill  floors.  Including  timbers,  planking  and  top  floor 
with  Southern  pine  timber  at  $40  per  M.  ft.  B.  M.  and  spruce 
planking  at  130  per  U.,  costs  about  32  eta  per  sq.  ft,  which  has 
been  used  as  a  unit  price.  Ordinary  mill  roots  covered  with  tar  and 
gravel,  with  lumber  at  the  above  prices,  cost  about  ZG  eta  per  sq.  It 
and  this  has  been  used  In  (he  estlmatea  Add  for  stairways,  elevator 
wells,  plumbing,  partitions  and  special  work. 

Dadwitiont  from  Diagrams, — <1)  An  examination  of  the  diagrams 
BbowB  Immediately  the  decrease  In  cost  as  the  width  Is  Increased. 


1088  HANDBOOK   OF  COST  DATA. 

Tbia  1»  due  to  the  lact  that  the  cost  of  the  walla  and  outside  ttnmda- 
tlona,  which  la  an  Intportant  Item  ot  cost,  relative  to  the  total  cost. 
la  decreased  aa  the  width   Increaaea. 

For  example,  aupposlng  s.  three-story  bulldlhg  Is  desired  with 
30,000  aq.  tt.  on  each  floor: 

It  the  hulldiDK  were  fiOO  tt.  x.  W  tU  Ita  coat  would  be  about  »» 

If  the  bulldlDK  were  400  ft.  x  TG  ft,  ita  coat  would  be  about  s; 
cts.  per  eq,  ft. 

If  the  building  were  300  tt  x  100  ft.,  Ita  cost  would  be  about  !i 

II  the  buildliiK  were  240  ft  x  12G  ft.  Ita  coat  would  be  about  SO 
eta.  per  sq.  It. 

(Z>  The  iJlasram  shows  that  the  minimum  cost  per  square  tool 
Is  reached  with  a.  four-aiory  building.  A  three-story  buHdIng  cost* 
a  trine  more  than  a,  four-stary.  A  one-story  building  Is  the  moat 
expensive.     This  Is  due  to  a  combination  ol  several  teatures: 

(a)  The  coat  of  ordinary  foundations  doea  not  Increase  in  pro- 
portion to  the  number  of  stories,  and  therefore  their  coat  la  less 
per  square  toot  as  the  number  of  stories  Is  Increased,  at  least  up  to 
the  limit  of  the  diagram. 

(b)  The  roof  1b  the  same  tor  a  one-story  building  as  tor  one  ol 
any  other  number  of  stories,  and  therefore  its  coat  relative  to  the 
total  cost  grows  less  as  the  number  of  stories  Increases. 

<c)  The  coat  of  columns.  Including  the  supporting  piers  and 
castings,  does  not  vary  much  per  story  as  the  stories  are  added. 

(d)  As  the  number  of  atortea  Increaaea.  the  coat  of  the  walla, 
owing  to  Increased  thickness.  Increases  in  a.  greater  ratio  than  Iho 
number  of  storiea.  and  thla  item  Is  the  one  which  In  the  four-atory 
building  offsets  the  savlne  In  foundations  and  roof. 

(3)  The  saving  by  the  use  of  frame  construction  for  walls  Instead 
of  brick  Is  not  as  great  as  many  persons  think.  The  only  saving 
Is  In  somewhat  lighter  foundations  and  In  the  outside  surfaces  of 
the  building.  The  floor,  columns,  and  roof  must  be  the  same 
strength  and  construction  In  any  case. 

Assumed  Height  of  Biorlet. — From  ground  to  first  floor,  S  It 
Buildings  25  tt  wide,  alorles  13  ft.  high.  Buildings  EO  ft  wide. 
stories  11  ft.  high.  Buildings  7B  ft  wide,  stories  IB  ft  high. 
Buildings  100  ft  wide,  atorlea  16  ft.  high.  Buildings  126  ft  wide, 
stories  16  It.  high. 

Unit  Prices. — Floors,  32  eta.  per  sq.  ft  of  groas  floor  Qioce  not 
including  columns.     It  columna  are  Included,    3S  ctS. 

Roof,  26  cts.  per  sq.  ft.,  not  Including  columna  It  columns  are 
Included,  30  eta.     Koof  to  project  18  Ina  all  around  buildings.  , 

Stairways,  Including  partitions.  fOO  each  flight  Allow  two 
Stairways,  and  one  elevator  tower  for  bulldlnge  up  to  160  ft  long. 
Allow  two  stairways  and  two  elevator  towere  for  buildings  up  to 
300  ft  long.  In  buildings  over  two  atorlea,  allow  three  stairways 
and  three  elevator  towers  tor  buildings  over  300  ft  long. 

In  buildings  over  two  stories;  plumbing  $76  for  «ch  fixture  lo- 
oludlng  piping  and  partitions.     Allow  two  fixtures  on  each  floor  up 
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to  5,000  sq.  It.  of  floor  space  and  add  one  Dzture  for  eacti  additional 
E.ODO  BQ.  fl.  of  door  or  fraction  thereof. 

(Note. — From  the  above  data  ttie  approximate  coat  of  any  dM 
anil  shape  of  building  can  be  estimated  In  a  few  mlnutoa.  After 
the  cost  of  the  Items  given  Is  determined  about  10%  stiould  be  added 
for  Incidentals.) 

Seinforceit  Cotierete  Buildinet. — From  mich  estlm&tes  and  pro- 
pOBBlB  as  I  have  been  able  to  get  and  from  work  done  it  appears 
that  the  cost  o(  reinforced  concrete  buildings  deslgrned  to  carry  floor 
loads  of  lOO  lbs.  per  sq.  (t.  or  less  would  be  about  16%  more  ttnii 
the  alow-bumlnK  type  of  mlil  construction. 

AUtrnatt  Method  of  BMtlmating  Cott. — J^loors. — 38  eta.  tm  *^ 
ft.  of  gross  floor  space.  This  price  will  Include  column  pler^  colanm 
crutllncs  and  wrousht  Iron. 

Roo^ — to  cts.  per  sq.  ft.,  iDCludlnK  pro^Uons,  say  18  Ins.,  In- 
cluding columns,  etc. 

Btatrviaiia  and  Eltvator  Totoera, — Allow  two  stairways  and  one 
elevator  tower  In  buildings  over  two  stories  high  up  to  IGO  ft^long. 
Allow  two  stairways  and  two  elevator  towers  up  to  300  ft.  lonC- 
Allow  three  stairways  and  three  elevator  towers  over  300  ft.  long. 

Brick  Walls. — Enclosing  stairs  and  elevtlors.  estimated  a*  InJdds 

Stairs. — tlOO  per  nieht,  per  story. 

/■luinbiitir, — Allow  two  fixtures  on  each  floor  up  to  E,000  an.  ft 
of  floor  space,  and  add  one  fixture  for  each  additional  G.OOO  sq.  ft. 
or  fraction  thereof.    Allow  t7S  per  fixture. 

/ncidentala.— Add  about  10%  for  Incidentals. 

TABUi   V. — DXTX   P<W   ESTIMATIIHJ    CoflT   Of    BCIUlIKOa. 

Columns 

Foundations  Brtck  Walls.    Including 

Including  exc.  Cost  per  sq  ft.  piers  and 

Coat  per  Un.  ft  of  surface,      csstlnga 

Cor  outside    inside  outside  for  Inside      Cott 

walla       wallK  walls.       walls.       of  one. 

One  story  buUdlnK tS.OO          fl-TE  |  .10         t  -40          tliM 

Two   story   building £.90            2.SG  .44              .40            lE.OO 

Thr«e  story  building 3.80            2.80  .tT              .40            lE.W 

Four  story  building 4. TO            3.40  .SO              .41            15.M 

Five   story   building G.RO            S.SO  .ES              Ai            ICOt 

Six  story  building S.&O            t.EO  .GT              .41            l&M 

TAStx  VI. — Data  roB  Apfroxtuatino  Cobt  or  Miu.  BtnLfiiMOi  or 
Kmowh  Sub  But  Withoitt  Daritirrm  Pi.anb  Uadb. 

Briolc  walls. 
Includhic 
Potindations.         doors  and  wlodom 
Including  etc.  Ooat  per  tin.  ft 

Cost  per lln.  fL  of  surfaca, 

tor  outside   Inside     outside  for  InaMe 
Heieait  of  Building.  walla.       waJls.      wall*.       walla 

One    story 13.00        »1.T«        |  .40.        t  .49 

Two  stories 2.90  a.jj  .44  4) 

Three    stories S.80  •  •"  "  ■• 

Four    stories 4.70 

Five  stories 6.60 

Six  atories S.tO 


a 
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EHImatlng  Quantity  of  Lumber.— Lumber  U  measured  In  feet 
board  measure,  ea  extilalned  on  page  Ait. 

There  are  IE  or  more  aasocUtlone  la  America  having  rules 
Kovemlng  the  Inspection  and  clasaiacalion  of  lumber.  The  following 
three  have  printed  rules  that  are  particularly  valuable  to  have: 
The  National  Hardwood  Lumber  Aaaoclatlon,  Chicago ;  Southern 
Lumber  Manufacturers'  Association,  St  Louis;  Mississippi  Valley 
Lumbermen's  Association,  Hlnneapolls,  Minn. 

In  building  a  house,  there  Is  always  a  considerable  percentage  of 
waste  lumber.  Then,  too,  there  is  the  loss  In  surface  area  In 
tonnlng  tongues  and  grooves  at  the  mill,  and  In  dressing  the  edges. 
Therefore,  after  computing  the  exact  number  of  pieces,  or  the  exact 
area,  as  shown  In  the  plans  for  the  building,  It  Is  necessary  to  add 
considerably  to  the  lumber  bill  to  cover  Che  waste. 

To  estimate  the  number  of  ,'ofsts  for  each  room,  count  the  actual 
number  and  add  1  Joist ;  for  an  extra  Joist  Is  needed  for  the  wall. 
Joists  are  nearly  always  "bridged,"  and  for  this  purpose  2  x  1-ln. 
stuff  Is  used.    The  "bridging"  Is  the  Inclined  bracing  between  the 

JOUlA 

Allow  £E  lln.  ft.  of  2  X  1-ln.  bridging  for  each  "square"  (100  S(i, 
tt)  Of  fioorlng.  Where  Z  x  I2-ln,  Joists  are  placed  16  Ins.  apart.  It 
will  be  found  that  the  2  x  4-ln,  bridging  amounts  to  about  9%  ol  the 
number  of  ft  B.  H.  of  Joists. 

On  a  plain  roo[  count  the  number  of  raftert  and  add  1  extra. 

In  estimating  the  number  ot  sliHta  for  walls  and  partitions,  allow 
1  itud  for  every  lineal  foot  of  wall  or  partition  where  studs  are 
"spaced  IS  Ins.  centers,"  that  Is  H  Ina  center  to  eenter.  This 
seemingly  large  allowance  la  made  to  cover  the  doubling  of  Studs 
on  comers,  doors  and  windowa  For  a  stable  or  shed  no  such 
extra  allowance  need  be  made. 

To  estimate  the  quantity  of  a\eeti*a  or  of  aTtiplap,  calculate  the 
exact  surface  to  be  covered,  deducting  openings,  then  add  the 
following  percentages; 

Sheeting.      Shlplap. 

For  doors 15  IT 

For  sidewalks IT  20 

For  roofs 20  ZB 

Sheeting  Is  laid  with  S-ln.  spaces  on  cheap  roots;  then  deduct 
accordingly.  Bheetmg  and  shlplap  are  sometimes  laid  diagonally, 
then  add  B%  to  the  above  figures  to  cover  waste  In  sawing  both  enda 

Remember  that  lumber  comes  In  lengths  of  even  feet,  and, 
with  few  exceptions.  IS  ft.  Is  the  maximum  stock  length.  Euuntne 
each  area  to  be  covered  to  see  whether  a  given  number  of  standard 
lengths  will  cover   It   or  whether    there   will   be   a   waste  on   each 

To  estimate  the  amount  of  •(dln^,  calculate  the  exact  surfEu:e, 
deducting  openings,  and  add  33%.  If  E-ln.  siding  with  4^  Ina  to 
the  weather;    but  if  it  is  4-In.  siding  add  G0%  to  the  actual  surface. 

There  are  two  classes  of  poortng,  namely,  "dressed  or  square 
edge  SooTlng."  and   "dressed  and  matched  flooring"     The  square 
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edge  flooring  ordinfu-lly  lias  a.  face  width  about  H  fn.  Ina  than 
Its  nominal  width;  thus,  a  piece  ot  6-1d.  square  ed«e  floortng  haa  a. 
tace  width  o(  G^  Ins.,  and  a  piece  of  4-ln.  flooring  haa  a  taca 
width  o(  3%  Ina  The  loss  In  the  case  of  the  flooring  with  Si^-Io. 
face  Is  9%,  and  In  the  case  of  the  Si^-ln.  face,  the  loss  Is  14%,  But 
In  addition  to  these  mill  Iobbch,  there  ia  E^nerallr  waste  owins  to 
had  ends,  etc..  so  that  after  estltnalhiK  the  exact  ares  ot  floor,  add 
the  following  percentages: 

Percent 

For  6-ln.  flooring,  add 11 

For  *-ln,  flooring,  add 19 


For  S-ln.  flooring,  add ]T 

For  1-ln.  flooring,  add SS 

For  2Vi-ln.  flooring,  artJ 33 

For  191-ln.  flooring,  add 40 

Remember  (hat  It  the  flooring  la  to  be  laid  under  partition^  due 
allowance  must  be  made.  If  the  archllect  has  bo  spaced  the  JolEts 
that  full  standard  lengths  can  not  be  used,  there  may  be  a  very 
largo  waste  not  Included  In  the  above  allowances;  thus,  If  the 
width  of  room  Is  such  as  to  require  flooring  12  ft.  !  Ins.  long,  It  will 
be  necessary  to  buy  flooring  14  ft.  long,  and  saw  off  nearly  i  ft., 
which  Is  wasted.  Flooring  less  than  1  In.  thick  Is  estimated  as 
being  1  In.  thick. 

Ceiling  and  Waintcoting  are  estimated  Just  as  dressed  and 
matched  flooring  Is  estimated. 

Cost  of  Tlmberwork  In  5  Different  Kinds  of  Buildings.— In  the 
following  table  la  given  the  average  cost  ot  tlmbcrwork  in  a  number 
of  different  buildings.  Each  building  is  briefly  described  In  the 
table,  and  the  cost  Is  the  average  of  all  the  rough  lumber  In  it,  and 
does  rot  Include  the  work  on  the  milled,  or  dressed  lumber.  Only 
carpenters  were  engaged  on  this  worn,  and  they  handlsd  all  Ihe 
lumber  after  Its  delivery  In  wagons  at  the  site  of  the  work-  Wages 
of  carpenters  were  40  cla,  per  hr.     No  common  Iat>orers  employe± 

Costlier 
EH.B.M.      M-.wage 

Building  »¥!;?"'      Hill'"' 

number  of  S  hrs.        Bhra 

1      A  block  of  six  3-story  "flats."  first  story 

veneered  with  brick ;  rest  covered  with 

slate  :  an  expensive  front ;  towers 275  *'! -n 


Same  type  of  building  with  a  plain  front 

--"-aolhouse,  plain:   including 

■--    and  all  plain  lumber 


Three-story  business  building. . 
Heay: ^ --      

d  plank  under- flooi 


plain   two-story   building,    with  a  2-U 


cost  *f  Framing  and  Placing  Lumber.— The  toltowing  table  K<ves 
tlw  actual  cost  of  the  carp«nter  work  Involved  In  doing  the  dlEerent 

claaaea  of  work  enumerated.     No  common  laborers  were  employed, 

PL  B.  M.  KL,"wnge 

per  miin  belns 

per  day  $n.30for 

of  8  hra.  S  bra. 
JolBta:  In  a  foui^ltory  brick  bualnesa  block,  hav- 
luK    ateel   Birders.    3    x    14-ln     joists    delivered 
sized,  average  cost  of  work  on  Joists  and  sheet- 
ing  (not  Including  hoisting  which  was  tZ  per 

M.  for  second  story  and  up) BSD  }   B.SO 

JolBta:  In  a  three-storj',  plain,  electric  light 
building,  with  flat  root.  S  it  ll-ln.  Joist*  In- 
cluding Hlzlng  of  Joists 400  8,00 

Jotsta  and  floor ;  In  a,  warehouse.  Joists  dropped 

Into  sDrrups,  and  a.  heavy  plank  floor BOO  S.10 

Bridglrg :  2  i  1-tn.  bridging  between  Joists ISO  Z1.3D 

Sleepers :  For  a  railroad  machine  shop,  t  x  S-In, 

sleepers  burled   In   sand ISO  S.40 

Plank   floor:    The    3-ln.    plank   floor  laid    oa    the 

Bleepera  above  described 4&D  7.10 

Purlins:    For   a    warehouse,    including    hoisting 

SO   ft    26E  12.10 

Plonk  floor:  A  S-ln,   plank  floor  laid  on  purlins 

that  were  t-tt.  apart 230  1S.»0 

Sheeting  tor  floors 800  <.00 

Sheeting  for  roof  of  slK-story  building 500  8.40 

Sheeting  on  frame  building BOO  (.40 

(Note; — If    sheeting    is    laid    diagonally,    add 
18%   to  the  cost  of  laying.) 

Rafters:  2  x  t-la.  raftera  for  plain  gable  TOof...        tOO  10.70 

Rafters:  2  jc  6-ln.  rafters  for  a  hip  roof 12S  25.60 

Roof  boards:  Rough  boards  on  a  plain  gable  roof       600  6.35 

Roof  boards :  Rough  boards  on  a  hip  roof 400  B.OO 

Siding:  Rough  boards  on  a  barn 800  4.00 

Studding:  2   r  4-ln 2B0  12.80 

Sluddlng;  2  i  B-ln. 350  9. IS 

>   and   plates:    i   x    S-ln.,   without   gains   or 


■  and  plates:   6   x   S-ln..  with  gains  but  no 

..lorUces     200  10.00 

Sills    and    plates:     6    X     8-In.,    With    gains    and 

mortices     IS5  23.70 

Platform:    A   rough   timber   platform   on    short 

posts,    around   a    warehouse.    Including   posts, 

caps,  Joists  and  floor 400  S.OD 

Board    fence:    A    clone    board    fence.    8-(t.    high 

(posts  already   set) 400  8.00 

Cost  Of  Laying  and  Smoothing  Floors. — In  the  following  table  la 
given  the  cost  o(  laying  matched  noorlng,  after  the  Joists  are  In 
placa  All  the  cost  of  handling  the  flooring  after  Its  delivery  at  the 
building  site  Is  Included.  Where  the  width  of  the  flooring  plank 
la  given,  the  face  width  Is  meant,  and  It  should  be  remembered  that 
the  face  width  la  about  ^-tn.  less  than  the  original  stock  widih 
of  the  material  before  milling.  A  flooring  that  Is  sold  by  the  mills 
OS  4-ln.  plank,  has  a  face  width  of  3%  Ina  The  cost  of  laying  Is 
given  In  "sQuarea"  of  100  sq.  ft- 


1088  HANDBOOK  OP  COST  DATA. 

Coar  or  Iutiho  Tiaoaaia. 

Squarea  wBRei 
per  maD  belns 
per  dar  ILISper 
of  i  hra.  S  hra. 
Tellow  pine :  S  <^  -In.  fai»  laid  on  Bheetlns.  tnclud- 

loK  the  laying  of  paper   between   the  sheetinK 

and  the  flooring  and  including  the  anuHithlDg  of 

rougli    Joints    In    the   flooring,    In   a   four-story 

business  block I  %  l.tt 

Yellow  pine:   S^-tn.    face,   Including  smoothing' 

and    sandpapering.    In    a    five-story    business 

block,  men  worked  very  hard 1%  1.80 

Teltow  pine:    3i4->n-    face,   laid  direct  on  JolMo^ 

no  smoothing S  l.lt 

■  Uaple:  Square  ed)red,  4-ln.  face,  doubled  nailed. 

not  smoothed.  In  a  warehouse 114  l'" 

Tettow  pine:  4-ln.  face,  nnlled  on  one  edge  only, 

not  smoothed,  In  a  Bix-story  waretiouae 2U  Lit 

Tellow    pine;    3U-In.    face,    Including    smoothing 

and  sandpapering,    In  a   three-atory  »em1nary, 

ground  floor Ifi  S.ID 

Ditto :  Small  upper  rooms Hi  i.SO 

Maple:  2U-ln.  face,  laid  but  not  smoothed I  l.CV 

Uaple:  2U-1n.  face,  laid  but  not  smoothed,  lares 

floor  ol  warehouse 1^  O.SB 

Haple:   Sli-ln.   face,  laid  and  smoothed,  houses 

and    offices 1  I.^O 

Maple:    IK -In.    face,    laid   and   well    smoothed, 

houses  and  ofDces \  t.it 

Uaple :    Smoothing    only,    not    Including    laying 

the    floor 1  3.tt 

Oak:  Gluing,  smoothing,  scraping  and  sandpaper- 
ing a  flne  floor,  men  working  hard )4  it.M 

Tellow   pine:    B14-ln.    face,    2    Ina    thick,    tongue 

and  groove,  for  mill  building,  not  smoothed SH  ].3t 

Tellow   pine:    Bli-ln.   face   on   bare   Joists    not 

mnootned     i  DM 

Ditto:  I.ald  on  top  of  an  under-door 3  M8 

Ditto :    leld   on   a   pitched   roof   without   many 

angles    t  I.(t 

Cost   of   Cslllng,   Wslnscotfng   and   Biding— The  following  tabls 
gives  the  cost  of  celling,  wainscoting  and  siding: 

Squares  iwiusr*. 

per  man  wagea  bt- 

per  day  lng(3.!» 

of  8  hrs.  per  dny. 

CeUIng  of  a  store 114  MO 

Smoothing  an  oak  celling  after  laying %  4.11 

Wainscoting:  Cut.  put  up  and  Hnlahed  with  cap 

and  quarter  round IV  l.SO 

Biding:   Plain.    «-ln S^i  1.41 

Drop-sldlng:  When  window  casings  and  coriMr 

boards  are  placed  over  the  siding 4  0.80 

I>rop-Bldlng:    TVhen     Joints    are     made    against 

l.ap-B(dlng 


Surfaced  bam  board*. 


lug  IS.20 
per  day. 


3.20 


Plain    roof 

Fancy    root 

DIlDcuIt  roof,  much  cutting.. 

Plain  Bide  wallB 

DlfBcult  Bide  walls 


The  itandard  bunch  of  shingle*  la  aupposed  to  contain  260 
shingles  avemglng  4  Ins.  wide.  Hence  It  shingles  are  laid  with  an 
eipOBUre  o(  414  Ins.,  each  shingle  covers  4  X  414  =  18  aq.  InB.,  or 
800  shingles  lo  the  square.  But  the  cutting  (or  angles,  the  Iobb  ot 
brolcen  shingles,  the  double  course  at  the  eaves,  and  the  like, 
necessitate  a  larger  allowance.  On  plain  roofs  allow  S%  more,  and 
on  gables  12%  more  than  the  theoretical  SOO. 


With  4-ln  exposure 

^Ith  4M-ln.  exposure 

With  B-in.  exposure 

Cost  of  Laying  Base- Boards.— The  amount  of 
computed  In  lineal  feet.  Instead  of  traard  feet- 
relate  to  the  actual  number  of  lineal  feet,  doora 
deducted ; 


Lin.  ft. 

iln.fl. 

per  man 

per  day 

Ing  »3.20 

ot  8  hra 

per  day. 

Base-board:    In    a    building    with    an    unusually 

large  number  ot  pilasters 

Base-board :  Three-membered,  hardwood,  average 

number  of  miters 

Boae-board:  In  a  plain  flve-story  business  block. 

two-membered  base  scribed  to  floor 

Baae-board:  In  a  three-story  seminary,   narrow 

birch;  fitting  to  the  floor  -— 

Base-board:  Plain,  quarter-round  a 
Moulding:  Bed,  flat,  3-ln. 
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Coat  of  placing  Doorm,  Wlndowi  and  Btlnda.— The  foUowIng  table 
gtvvB  Ihe'coat  of  labor  oa  doora.  wlndowa  and  blinds; 

Numbar  eaclk. 

of  hrs.  waxes  be- 
labor on  lag  IS  clL 

each.  per  bour. 


Vlndow :  OTdtnary  pine  window  In  a  frame  bulld- 

InK   Including    seCtlnK   frame 

Vlndow  :  Same  aa  before,  except  hardwood-  ■  -  -  ■ 
Vlndow:  Ordinary  pine  window  In  brick  build- 
ing. Including  setting  frame 

Vlndow :  Same  aa  before,  except  hardwood 

(14),  setting  frame, 


Window :  Same  as  before,  but  bung  on  iosh  b»l- 

Transom;   Fixed 

Door :  Common  hardwood,  set  Jambs,  case,  bang 

and  nnlsli.  Including  transom 

Door :  Birch  door,  complete,  (or  a  seminary 

Door;  Common  pine  door,   l^-ln..  complete 

Door;  Common  pine.  1%-ln.,  complete 

Door:   Pine.   BW!ni<lng  door,  no   hardware  except 


Door :  Same  as  before,  but  hardwood 

Sliding  doors:   Pine   (framing  not  Included),    ._ 
flnlab  complete  with  lining.  Jambs,  casings,  and 

Sliding  1 

OutBlde    doors;    Pine,    «    x    8    (t.,    door    frame, 

casings,  and  hardware,  complete,  per  pair 10  ^M 

Outside  doors;   Same  as  before,   but  hardwood. 

per    pair H  6.S* 

Outside  double  doors:   Opening  12  x   18  ft,  In  a 

faciory     SS  ll.n 

Sliding  doors:  Opening  12  x  18  ft..  In  a  barn 24  9.S0 

Bllnda:  If  titled  before  fmmes  are  net,  per  pair..  %  0.80 

Blinds;  If  ntled  after  frameB  are  set,  per  pair. . .        1  0.40 

Blinds;  Plain  pine.  Inside  blinds,  per  set 3  I. to 

Blinds;  Same  as  before,  but  bardwood B  1.00 

The  labor  cost  of  bedding  and  setting  10  x  11-In.  llgtats  on  a 
large  building  was  m  eta  per  light,  or  1^  cts.  per  sq.  ft :  and 
one-twenty-fltth  of  a  pound  of  putty  per  lineal  foot  around  the  edg« 
of  the  glass  was  used.  With  a  deeper  rabbet  and  putty  not  properly 
pressed,  one-tirteenth  pound  per  lineal  foot  of  glass  edge  may  be 
used.  The  cost  of  st-ltlng  plate  glass  Is  about  7  cts.  per  sq.  ft. 
Floor  and  Bldew.-ilk  glass  may  be  set  for  G  eta.  per  sq.  fL ;  BkyllgM 


glass  for  8  eta  per  sq.  ft 
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Coat  of  Cioscta  and  Sldaboard*. — The  lollonInK  miscellaneous  la- 
bor costs  wlil  serve  as  a  guide:  The  labor  costs  are  given  la  dollars 
and  cents,  wages  b«InB  40  cts.  p«r  hour: 

I>rawerB,  l(  dovetailed,  each |   1.00 

DranerH.    IS   ins.   wide,   18  Ins.  deep.  Including  racks  and  at- 

tlnga,    each    O.gO 

Shelves,  In  a  storeroom,  shelves  dadoed  Into  compartments  IB 

Ina  square,  per  sq.  ft,   of  shelf 0.2G 

Closet  hooks,  on  a  strip  of  wood,  hooks  12  Ins.  apart,  per  Un. 

ft.   of  strip D.08 

Sideboard,  ash.  S  x  S  ft.  drawers,  doors,  brackets,  shelves,  mir- 
rors and   hardware 50.00 

Sideboard,  oak,  less  detail  than  before *0.00 

Sideboard,  pine,   fairly  good 26.00 

Cost  of  Making  Stairs — The  labor  cost  of  making  a  number  of 
different  kinds  of  stairs  will  be  given,  labor  being  40  cts,  per  hour. 
The  cost  Includes  the  making  and  setting  of  the  stairs,  but  does  not 
Include  mill  work. 

Cost  of 

Two  flights  of  stairs  (for  a  school).  G  ft.  wide,  with  celling 

rail    t  35.00 


Three  fllahts  of  oak  stairs  (for  a  hosoital). 

R  ft-  wide  Willi 

Three  flights  at  oak  stairs  (for  a  seminary) 

:;:::::;::::::;  "8: 

"-"■ IS- 

One  flight  of  flne  stairs.  In  a  9-raom  house. 

0.00 

cost  Of  Tin  RwrtlriB— The  sixes  of  tin  sheets  are  14  x  20  Ins.,  and 
20x28  in&  An  allowance  of  I  In.  must  be  made  tor  laps  at 
Joints:  with  sheets  20  x  2S  Ina.  a  square  (100  sq.  ft.)  requires  29 
sheets.  With  14  x  20-ln.  sheets,  allow  53  per  square,  and  50% 
more  of  solder,  rosin,  etc.  A  box  of  tin  contains  112  sheets,  and 
[he  large  sheets  of  I.  C  tin  weigh  225  lt>B.  per  box ;  the  I.  X.,  ESS 
lbs.  per  box. 

One  man.  at  40  cts.  per  hr..  will  lay  2  squares  of  plain  rooting  per 
day.  One  man  will  line  about  T5  eq.  It.  of  box  gutter,  or  an  equal 
amount  of  dashing,  per  day.  The  cost  per  square  of  tin  roof  was  as 
follows : 

Per  square. 

SB  sheets  of  I.  C.  tin.  65  lbs.,  at  S  c(a 4. 40 

6  lljs.  solder,  at  H  cts 0.70 

1 U  lbs.  nails,  at  4  eta 0,0S 

1  fb.  rosin    0,04 

Latmr.  at  40  cts.  per  hr, l.flO 

Charcoal     0,10 

Painting  two  coats l.BO 

Total    18.40 

A  man.  at  40  cts.  per  hr..  will  put  up  plain  metal  ceilings  at  the 
rate  of  1^  to  2  squares  per  day.  Including  cornice  and  centers. 
On  a,  large  room,  and  plainest  kind  of  work,  he  mar  do  S  or  4 
■quarts.    Wainscoting,  at  the  same  rate. 
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A  man.  with  a  helper,  will  lay  12  •quarea  of  corrugated  Iron 
rooflne  In  a  day. 

Building  Papsri  and  Felta,— The  eheapeflt  grade  of  building  paper 
is  "rosln-slzed"  paper.  It  is  not  waterproof,  and  should  not  be 
used  on  roofa.  or  on  walls  in  a  damp  climate.  It  comes  In  rolls 
3E  Ins.  wide,  containing  BOO  sq.  ft.,  weighing  18  to  40  Ihs.,  and 
costs  about  3  cts.  per  lb. 

There  are  a  number  of  different  kinds  of  waterproof  papers  used 
(or  sheathing  under  siding  or  shingles.  P.  ft  B.  buUdlag  paper. 
for  example,  is  coated  with  a  paratfln  compound.  It  comes  In 
rolls  £0  Ins.  wide  containing  1,000  sq.  (t    The  weights  per  roll  are: 

Ply    i-p'y-  8-ply.  !-ply.         <-p1t- 

Weight   30  lbs.         40  lbs.         SG  lbs.         RO  lbs. 

Price  Is  10  eta  per  lb. 

Common  dry  felts  are  made  of  wood  fibera  cemented  together 
with  rosin.  They  weigh  about  5  lbs.  per  100  sq.  It.  The  best  grades 
of  dry  felt  are  made  of  wool,  and  weigh  11  Iba  per  100  sq.  ft. 
when  they  are  M-ln.  thick ;  but  some  brands  are  60%  heavier  than 
this.     The  price  of  dry  wool  felt  la  about  Hi   cts.  per  lb. 

Tar  felt,  or  common  rooflng  felt,  Is  made  by  saturating  commoa 
dry  felt  with  coal  tar.  The  weight  of  a,  single  layer  or  ply  la 
IZ,  IE  or  20  lbs.  per  100  sq.  ft.,  but  the  felt  la  laid  In  several  layers. 
usually  4  or  G-ply,  In  making  a  roof,  each  layer  being  mopped 
With  a  "compoBltion"  of  U  tar  and  H  pitch.  The  price  of  tar  fdt 
la  about  IW   eta  per  lb. 

There  are  many  kinds  of  patent  rooflng  felts.  Ordinarily  they 
come  in  rolls  29  Ins.  wide,  and  each  roll  covers  a  square,  allowing 
2  Ina.  for  the  lap.  Nails  and  cement  are  supplied  with  each  roll  by 
the  manufacturers.  The  cost  of  the  rooBng  Is  13  to  tS  per  square, 
and  the  cost  of  laying  It  Is  about  1  hr.  labor  per  square,  or  40  ct«. 
The  weight  of  such  roofing  varies  considerably,  but  ordinarily  U 
about  100  iba  per  100  sq.  ft. 

Cost  of  Qravei  Roofs.— Tar  felt.  4  or-5-ply.  Is  flrst  laid,  the  sheets 
being  mopped  with  "composition"  of  ^  tar  and  H  pitch.  Screened 
rtiollng  gravel  is  spread  over  the  roof.  A  square  of  gravel  roof 
casta  about  as  follows : 

Per  square. 

]-6  cu.  yd.  (450  lbs.)  gravel,  at  tS.40 10.40 

10  Iba   tar,  at  1%  cts. O.SO 

SO  Iba  pitch,  at  1  ^  cts. 1.20 

100  sq.  ft.  felt,  4-ply.  To  lbs.,  at  Hi  eta I.IS 

Labor,  at  t6  eta  per  hr 0.70 

Total  per  100  sq.  ft I4.0S 

Note. — About  30  Iba  of  "composition"  per  square  per  ply  Is 
ordinarily  sufllcient  where  sheets  are  mopped  only  at  tho  JolDts 
Instead  at  all  over ;  but  In  the  above  the  sheets  are  assumed  to  be 
mopped  all  over,  which  takes  50%  more  composition. 

Tar  Is  usually  sold  by  the  gallon,  or  by  the  oil  barrel  holding  60 
gallons,  present  prices  being  12  eta.  per  gallon.  Tar  weighs  almost 
exactly  as  much  as  water,  or  8\i  lbs.  per  gallon. 


BUILDINGS.  1093 

omes  In  a  great  variety  of 
«  X  8,  le  X  10,  ana  18  x  9 
s  !G  X  14,  and  as  small  as  12  x  S,  are  made. 
r  or  pieces  to  a  square,  deduct  t  Ins.  from 
the  length  (for  the  lap),  divide  this  by  2,  multiply  by  the  width  of 
.  and  divide  the  result  Into  14.000.  An  IS  x  9  slate 
I  estimated  thus:  IS  —  3  =  IS.  which  divided  by  2 
;  then  7^X9  =  674  ;  then  14,400  -!-  67K  =  214  pieces. 
Slates  are  sold  by  the  Bquare.  that  Is  a  sufficient  number  of 
0  lay  100  sq.  (t.,  each  course  having  a  lap  of  S  ins.  over  th» 
head  of  those  In  the  aecond  course  below.  The  price  f.  o.  b.  Penn- 
sylvania and  Vermont  quarries  varies  according  to  the  grade ; 
but  a  good  No.  1  slate,  t/ie-ln.  thick,  can  be  bought  for  tB  per 
square.  The  freight  from  Pennsylvania  or  Vermont  to  the 
Mississippi  River  Is  about  %Z.iQ  per  square.  Allow  about  1%  waste, 
unless  the  roof  is  perfectly  plain. 

The  weight  of  1  sq.  ft,  of  slate  U-la.  thick  Is  3.S  lbs.  As  there 
are  214  pieces  of  18  x  9-ln.  slate  per  square  of  roof;  and  If  It  were 
all  U-ln.  thick,  the  weight  would  be  SES  Iba  ;  If  It  were  3/lfi-ln. 
thick,  the  weight  would  be  821  lbs. 

Before  laying  the  slate,  the  roof  Is  covered  with  paper.  A  SO-Ib. 
roll  will  cover  400  sq.  ft.,  and  with  wages  at  40  eta  per  hr..  the 
cost  of  laying  the  paper  Is  20  eta  per  square.  The  holes  for  the 
nails  must  be  punched  In  the  slate  before  laying.  This  may  b«  done 
by  the  manufacturers,  but  It  Is  usually  done  by  hand  by  the  slaters. 
because  t(  a  corner  is  broken  off  In  transimrt  the  state  can  be 
turned  end  tor  end,  moreover  as  slate  usually  comes  In  three 
thicknesses  It  must  be  sorted  anyway  before  laying,  and  the  punch- 
ing can  as  well  be  done  at  [he  same  time.  One  slater,  at  10  eta 
per  hr.,  with  a  helper,  at  20  cts.  per  hr,.  will  punch  the  holes  In 
to  X  18-ln.  slates  at  a  cost  of  M  eta.  per  square. 

In  laying  slates,  about  one  laborer  Is  required  for  two  slaters 
on  plain  roofs.  A  slater  will  punch  and  lay  3  squares  per  8  hrs. 
on  plain  straight  work.  2  squares  on  roofs  wllh  many  hips  and 
valleys,  and  as  low  as  1  square  on  difficult  tower  work.  For  fair 
average  work  allow  2^  squares  per  day  per  slater,  and  allow  1  . 
laborer  to  2  slatera  This  Includes  punching,  and  laying  paper  and 
sUte.  The  cost  of  a  slate  roof.  10  x  K-ln.  slates,  was  as  follows: 
Per  square- 
Slate  for  1  square %  G.OO 

Freight  (MO  lbs.) 2.50 

Loading  and  hauling 0.20 

Wastage,  1%  of  17.70 0.08 

le  Iba.  paper 0.60 

1  lb.  nails 0-OB 

2V4  Iba  of  3d  galv.  nails  for  slate 0.10 

Slater,  at  40  cts.  per  hr. 1.30 

Helper,  at  20  eta  per  hr. 0,30 

Total  per  square 110,03 
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Cost  of  Roofs. — In  the  Proceedlnca  Aaioc.  Ry.  SupU.  of  Brtdsea 
BDd  BulldlDtB,  1RQ2,  a  coroinlitee  ri-'port  glv«s  the  following  coUs  o( 
roofa  In  New  England. 

PerBquare. 

Slate    %  ».0»  to  tli.M 

Tile    SO.OOto    3J,00 

Cedar  ablnglea 4,SD  to      E.OO 

Tinned  ahinglea S.OO  to      t.SO 

Sheet    tin S.SO  to      8.00 

Tar  and  gravel 4.00  to     B.OO 

Ruberold    l.TS  to      1.75 

Parold    3.00  to      S.60 

Tar  paper,   two-ply.    laid   double 2.00  to      i.!5 

Tar  paper,  tliree-ply,  laid  single l.EO  to     1. 00 

Instacces  were  cited  of  slate  roofs  40  Tears  old.  Shingle  roafi 
28  years  old  were  cited,  but  IE  years  seemed  to  be  the  ordinary 
life  of  good  shingles.  Tar  and  gravel  roofs  30  years  old  were  cited, 
but  an  ordinary  life  seemed  to  be  It  to  tS  yeara 

Cost  of  Fsrrolnclavs  Roof. — This  type  of  roof  wbe  Invented  by 
Mr.  Alexander  Brown,  vice-president  oC  the  Brown  ilalstlng  Mchy. 
Co.  It  consists  of  corrugated  sheet  steel  plastered  on  both  sides  with 
Portland  cement  mortar,  giving  a  total  thickness  ot  1^  Ins 
The  eorruBatlona  ai*e  In  the  form  of  a  dovetail.  The  steel  sheeli 
are  laid  on  purlins  spaced  4  ft  10  Ina,  and  clipped  to  them.  The 
cement  mortnr  Is  mixed  1:2.  and  tliut  used  on  the  under  side 
contains  a  small  amount  of  lime  and  hair.  When  the  cemnat  has 
set  (or  10  days,   the  upper  side  Is  painted  with  two  coats  vedal 

The  cost  per  snuare  (100  sq.  ft.)  Is  said  to  be  as  follows.' 

Perroinclave   sheets   I  8.60 

FastenlnE    clips 0.48 

Laying  Perroinclave    1.U 

Cement  mortar  on  upper  side S.M 

Cement  mortar  on  lower  side 4.00 

WnterprooRng     paint i.SO 

Sundries,  freight,  supt..  etc 1,!T 

Total     121.00 

The  weight  Is  about  IS  Iba  per  sq.  fL 

Brick  Masonry  Data.— The  slie  of  common  brlcka  varies  widely. 
I  have  seen  bricks  as  small  as  2  x  2^  xTH  Ina  used  for  bonas 
building  In  New  York  City.  In  the  New  Elngland  States,  common 
bricks  are  said  to  average  about  2li  x  2%  i  7%  Ina  In  most  Of 
the  Western  Slates,  common  brlcka  average  2!^  x  4H  i  8M  Ina 
The  slie  of  Individual  brlcicB  In  a  car  load  often  varies  considerably: 
hard  bricks  being  %  to  3/IB-ln.  smallor  than  soft  tor  salmon) 
bricks.  Pressed  or  face  bricks  are  quite  uniformly  2%  x  4>*  x  8% 
InK  A  thousand  bricks,  averaging  2t4i4xBH  loa  weigh  6.400 
lbs.,  If  there  is  any  standard  size  It  may  be  said  to  be  t^  i  4  E  8>4 
Iba,  and  they  weigh  ]2G  lbs.  per  cu.  ft. :  and  they  occupy  43.2  cu.  ft. 
of  apace,  which  Is  equivalent  to  23^4  brlcka  per  cu.  ft..  If  no 
allowance  la  made  for  Joints.  If  these  bricks  are  laid  In  massive 
maaonTy  with   U-ln.  Joints,  about  430  bricks  will  be  required  per 
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CO.  Td.,  or  le  per  cu.  ft. :  it  laid  with  %-la.  Joints,  G15  bricks  per 
cu.  rd.,  or  IR  p«r  cu.  It. 

IfaaoiiB  have  empirical  rules  for  otlmatlng  the  number  ol  bricks 
In  a  waU.  Their  rules  do  not  give  even  an  approximation  to  the 
actual  number,  or  "kiln  count"  Tbey  often  make  do  deductions 
for  openings,  but  use  a  "wall  measure"  rule,  allowing  7H  bricks 
per  sq.  ft  (or  per  superficial  foot)  (or  a  wall  that  1b  a  "half  brick 
thick."  that  Is  a  4-ln.  wall.  For  "one-brick"  wall,  that  is  S  or  9  Ina. 
thick,  they  estimate  1&  bricks  per  an.  ft  For  a  "one-and-a-balf- 
brick"  wall  <1Z  or  13  Ins.  thick),  they  estimate  2Sh  brick*  per 
■a.  ft  This  rule  takes  no  account  of  the  actual  alse  of  the  bricks. 
and  does  not,  therefore,  give  "kiln  count."  but  gives  "wall  count." 
We  have  seen,  above,  that  "standard  slie"  bricks,  laid  with  H-ln. 
mortar  Joints;  wilt  actually  average  IS  per  cu.  ft,  as  compared  with 
li%  per  cu.  ft.  -Vail  count" 

If  all  the  broken  bricks,  or  "bats,"  were  thrown  away,  the 
wastage  would  be  about  2%  with  fair  bricks  fo  E%  with  poor  bricks, 
but  tt  not  often  that  contractors  are  prohibited  by  Inspectors  from 
uslDg  practically  all  the  "bats." 

The  coat  of  loading  and  hauling  paving  bricks  Is  given  on  page 
IBS,  and  practically  the  same  costs  apply  to  building  bricks,  except 
that  the  latter  are  lighter.  As  above  stated,  the  "standard  sixe" 
hard  brick  weighs  about  G.4  iba.  or  I.T  tons  per  U.,  or  12E  lbs.  per 
CO.  ft  Soft  bricks  weigh  20%  less,  but  repressed  bricks  weigh  20% 
more  per  cubic  foot  With  wages  at  15  eta.  per  hr.,  the  cost  of  un- 
loading cars  Into  wagons  is  30  cts.  per  U..  and,  unless  a  dump 
wagon  Is  used.  It  costs  another  30  cts.  per  M.  to  unload  the  wagons. 
Cost  of  Laying  Brick, — In  building  brick  walls  (here  are  usually 
1  to  IH  laborers  to  each  brick  mason.  The  laborers  mix  mortar 
and  carry  mortar  and  bricks  to  the  masons,  using  hods  for  the 
purpose.  A  hod  holds  about  IS  bricks,  or  approximately  100  lbs. 
The  wages  of  masons  and  hod  carriers  vary  widely  In  different 
cities,  but  seldom  exceed  ta  per  S-hr.  day  for  masons  and  t3  for 
hod  carrtera  Very  often  the  masons'  unions  have  forced  up  their 
rales  of  wages,  but  the  hod  carriers  have  not,  and  may  receive  but 
little  more  than  other  common  laborera  With  wages  as  lust 
glveD.  and  one  hel[>er  to  each  niaaon,  the  labor  cost  of  laying  should 
not  exceed  tS  per  li.  for  common  brick,  and  |10  per  M.  (or  pressed 
(face)    brlcii,   "kiln  count"  In  both  cases. 

On  a  three-story  brick  hospital,  with  a.  carefully  laid  front  <M-ln. 
"shoved"  Joints),  the  labor  cost  was  fS.GO  per  M.,  "kiln  count" 
lliere  were  three  laborers  to  every  two  masons,  and  wages  were 
ITH  cts.  per  hr.  for  laborers,  and  4S  eta  per  hr.  for  masons,  work- 
ing 9  hra  The  cost  of  the  masons'  wages  amount  to  t3.E0  per  H., 
and  the  cost  of  the  helpers'  wages  was  12  per  K.  This  cost  was 
rather  high,  due  to  the  number  o(  deep  flat  brick  arches  over 
basement  openings,  and  to  the  row-loch  arches  over  other  openings. 
aa  well  as  n  tower  and  other  puttering  work. 

In  building  warehouses,  where  the  work  was  plain,  wages  being 
as  Just  given,  the  coat  waa  %i  per  M.,  "kiln  count" 
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On  aerera]  large  cU?  bulIdlnKB,  In  which  IG  to  S0%  of  tiM  bdck 

maRonry  was  preased  brick,  each  brick  mason  laid  tlM  followini 
areniKe  number,  "kiln  count."  per  9-hr.  daji : 

Apartment    house,    1    gtorlea 1.200 

Four-rtory  tronU    l.IBO 

Heavy  walla,  ground  level 1,600 

Heavy  footlnKH  and  wajehouse  basement  wallB.      1.200 

A  bricklayer  should  lay  400  or  GOO  pressed  brick  per  g-hr.  day. 

If  an   ornamental  brick  front  is  to  be  laid,  with  molded  archet. 

buttresses  with  bases  and   caps,   etc.,    the   labor  of  laying  pressed 

brick  may  run  as  higli  as  120  per  U. 

In  veneering  a  frame  building  with  brick,  a,  mason  will  average 
400'  bricks  per  day. 

In  building  brick  arches  to  support  the  sidewalk  In  front  of  a 
city  building,  after  the  centers  were  set,  each  bricklayer  averaged 
1,800  bricks  per  9-hr.  day;  and  It  required  one  man  to  make  and 
deliver  mortar  and  to  deliver  brick  to  every  two  brlcklayera 
The  brick  arches  were  e-ft.  span,  11  ft  long,  and  4  Ins.  thick. 

Cost  of  Mortar.— With  lime  mortar,  mUed  1  part  lime  to  3  parts 
sand.  It  required  0.9  bbl.  lime  per  U.  of  bricks,  "kiln  count,"  the 
bricks  being  laid  with  %-In.  Jolnta  A  common  allowance  In  esti- 
mating the  cost  of  mortar,  for  "standard  slie"  bricks.  Is  I  bbl.  Ume 
and  0.0  cu.  yd.  sand  per  M.,  "kiln  count."  About  >A  cu.  yd.  of 
mortar  Is  usually  allowed  per  cu.  yd.  of  brick  masonry,  or  0.7  cu.  yd. 
mortar  per  M.  ot  bricks,  when  bricks  are  laid  with  ^-In.  Joints. 
If  cement  mortar  Is  used,  the  number  of  barrels  of  cement  per 
cubic  yard  a(  mortar  will  be  found  on  page  iE3.  It  will  seldom 
require  less  than  1.6  bbls.  o(  cement  per  H.  of  bricks,  or  O.S  bbL 
per  cu.  yd.  of  brick  masonry,  for  U  the  mortar  Is  made  laaaer  II 
win  not  trowel  well,  and  cause  more  loss  tn  labor  than  1b  saved  la 

Itockland,  Me.,  lime  Is  sold  by  the  barrel,  liO  lbs.  net  Wheo 
shipped  In  bulk  ZH  bu.,  of  SO  Iba  per  bu..  are  usually  called  a 
barrel.  A  barrel  holds  about  3.8  cu.  ft.  The  average  yield  ot  lime 
paste  from  the  best  limes  Is  2.S  bbls.  of  paste  (or  each  barrel  of 
quick  lime.  This  paste  Is  usually  mixed  with  i  parts  sand  by 
measure.  It.  therefore,  takes  alHnit  1^  bbls.  ot  the  best  quick  ibne 
to  make  1  cu.  yd,  of  mortar.  A  poor  lime  doe*  not  make  \  oa  mud 
paste  as  a  good  lime.  * 

The  price  of  lime  Is  about  £0  ct*.  per  bbl. 

Cost  of  Brickwork  In  a  Railway  R*pslr  Shop.* — Below  Is  given  the 
labor  cost  ot  some  brtckwork  done  In  October.  1896.  for  the  Detroit. 
Lansing  A  Northern  R.  R.  The  Work  consisted  of  building  the 
walls  ot  the  rallmad  repair  shop  at  Ionia,  Ulch.  The  work  was 
done  by  contract,  the  contractors,  however,  furnishing  only  the 
labor,  this  being  done  for  a  lump  sum ;  the  materials  were  furnisbed 
by  the  railroad  company.  The  face  bricks  were  new,  but  the  back 
was  of  bricks  which  came  from  an  old  building.  The  slxe  of  the 
bricks  was  2*6  x  3?l  x  8  In.,  and  the  JolnU  were  from  %-ln.  to 
\4-In.  In  thickness.     According  to  these  figures  about  10  bricks  w«re 
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nwd  to  the  cubic  ^ard,  and  that  Dumber  was  used  In  computing  the 

number  of  bricks  In  the  building.  In  the  summary  18  given  the 
actual  cubic  contents  or  the  walls,  all  openlnga  being  deducted. 

Ai  the  walls  were  only  20  fl.  high,  Hcadoldg  and  runways  were 
built  BO  that  wheelbarrows  could  be  used  throughout  the  entire  work 
lor  tending  raasone.  The  coat  of  laborers  was  thus  reduced.  The 
■csffoldlng  was  built  by  the  railroad  company.  The  wages  allowed 
were  as  follows:  Foreman,  40  cts.  per  hr, ;  mason,  30  cts.  per  hr. ; 
laborer^   12^   eta.   per  hr.     The  leather  was  favorable  for  «ood 

Coble   ft    built B.204.a 

BHcks   laid    104,086 

Foreman,  hra    101 

Mason,  hrs.   43g 

I^Lborers,  hrs.  tOO 

The  average  number  of  bricks  laid  per  mason  per  hour  was  1T3, 
Including  the  time  of  the  foreman,  who  was  a  mason  and  worked 

The  labor  costs  were  as  follows : 

Haaon's  wages   1196.10 

Laborer's  wages   G6.SS 

Uason'B  wages  per  cu.  yd l.OZ 

Mason's  wages  per  U  brick l.gg 

Liaborer's  wages  per  cu.  yd. 0,33 

Laborer's  wages  per  M  brick 0,61 

Total  cost  of  masons  aod  labor  per  cu.  yd 1.3S 

Total  cost  of  masons  and  labor  per  H 2.40 

From  the  above  flgures  the  cost  of  labor  for  similar  work  can  be 
eWimated  as  follows:  Labor  cost  ol  I  cu.  yd.  brickwork  Is  equal 
to  G/C-bour  wages  of  foreman,  plus  Z)i  hours  wages  of  mason, 
plus  2%  hours  wages  of  laborer.  In  the  same  manner,  the  cost 
of  laying  1,000  brick  Is  equal  to  B/6'hour  wages  of  foreman,  plus 
4H  hours  wages  mason,  plus  4%  hours  wages  laborer. 

In  tho  work  It  was  found  that  0.44  cu.  yd.  of  sand  and  10-11  bbl. 
(bulk)  lime  wer«  i-eaulred  to  lay  1,000  brick  with  K-<n.  to  H-ln. 
Joint.  One  barrel  of  lime  equaled  3%  cu.  ft.  and  weighed  201  lbs.. 
tbe  weight  being  Hgured  from  car  weight  Accordingly  1  bbl.  (bulk) 
lima  was  used  for  laying  1.100  bricks,  with  H-ln.  to  U-ln.  Joint;  1 
cu.  yd.  sand  wa*  used  for  laying  3.260  bricks,  with  H-ln.  to  H-bi. 
Joint. 

Cost  of  Brickwork  In  Five  Buildings  for  Manufacturing  Plant.*— 
Mr.  Sam  W.  Bmeraon  gives  tbe  following  record  of  cost  of  brick- 
work in  five  buildings  forming  part  of  a  large  manufacturing  plant. 
The  work  was  done  by  the  owners  hiring  their  own  labor. 

All  Joints  In  the  brickwork  were  struck  both  Sides,  and  a  first- 
class  Job  obtained. 

On  building  Ko,  1  local  bricklayers  were  used  at  EO  Cta  per  hour, 
but  for  the  other  buildings  city  bricklayers  at  60  cts.  per  hour 
were  Imported.  The  latter  did  better  work  and  more  of  It.  as  shown 
by  Table  VII. 
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The  hod  csrrlerB  were  developed  from  local  labaren,  and  weir 
paid  1 T  H   ctiL  iier  hour. 

BuildinKS  Nob.  I  and  i  were  lon^  and  low.  coutainlnK  about  equal 
amounU  ol  9-ln.  and  ll-ln.  wall. 

BulldlngB  Nob.  I  and  4  were  hisber  and  had  a  somewhat  larger 
proportion  o(  IS-ln.  wall. 

Part  ol  the  brickwork  In  No.  i  was  started  from  steel  Untel* 
at  some  distance  above  the  floor  line,  which  explains  the  high 
cost  o(  Bcafloldlns. 

Building  No,  E  was  higher  and  contained  more  brick  than  any 
of  the  others.  It  was  composed  of  13-ln.  walls,  with  same  17-Id.  and 
2Z-In.  walls.  The  heavier  wa[ls  account  in  part  for  the  lower  con 
of  laying,  but  better  foremanshlp  had  something  to  do  with  It 

The  scaffolds  were  erected  by  carpenters  at  !0  and  22^  cts. 
per  hour,  drawn  from  other  parts  of  the  work  when  needed. 

HandllDK  materials  Include  unloading  and  hauling  brick,  sand, 
lime  and  cement,  and  la  the  average  for  the  Job.  About  one-tblrd 
of  the  materials  had  to  be  hauled  from  a.  HWlIch  nearly  a  mile  away, 
the  balance  being  delivered  on  a  switch  run  over  to  the  plant  site. 

The  brick  were  large,  so  that  SIS  laid  up  a  'thousand."  Oguring 
14  brick  per  square  toot  of  9-In.  wall.    All  openings  were  deducted. 

Brick  cost  %SM  and  tS.25  per  M.,  t.  o.  b.  the  yards:  the  averagr 
cost  was  IB, OS  per  tS. 

No  record  was  kept  ot  the  cost  of  scaffold  lumber,  as  material 
ordered  for  other  purposes  was  used  and  worked  up  later  in  wooden 
buildlnga 

Atwut  two  or  three  weeks  after  the  eo-cetit  bricklayers  warted 
.work,  the  writer,  being  dlssatlsAed  with  the  way  the  vortt  wa* 
going,  started  the  practice  of  preparing  careful  esllmntea  at  the 
brick  laid  each  week  and  Qgurlng  the  cost  per  1,040  for  brlcklayen 
and   helpers. 

Wltliin  three  weeks  after  the  first  estimate,  the  output  per 
bricklayer  had  Increased  over  40  per  cent,  and  about  SO  per  cent 
Increase  was  maintained. 

This  illustrates  one  of  the  reasons  for  keeping  "up-to-date"  cMt 
records. 

The  cost  of  the  work  per  l.OOO  brick  was  as  follows: 
Table    VII.^l-Ajjon    Cost    pkb    1,000    Bbice. 

Buildings— Nob.  1.  Z.  B.  4.  E.         A  v. 

Brlcklayers,t  BO  cts.  per  hr..tE.EE  %t.ta  t^.ST  |4.G8  (3.(8  H.li 
Helpers,*  ITH  cts.  per  hr...  1.96  1.61  2.14  1.95  2.0O  l.IT 
Carpcnters.t  f0and22Hcts.  .70  .71  .88  I.IS  .67  .IT 
Handling  materials  I.l«       1.16       1.16       1.1«      l.lt       l.K 

Totnl    labor    19.87     18.03     18.76     |g.S4      t7.61     »7.M 


iBngaged  In  b , 

Note. — BuildinKB   Nc 

equal  amounts  of  »-ln. 

larger   proportion   of   1 

brick  than  any  of  the  < 

and  22-In.  walls. 
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CoBT  mi  1,000  Buck. 
Material!: 

Brick,  918.  at  |6.0B 1  4.87 

Brick,  (relsht 1.12 

Sand.  V,  cu.  yd.,  at  lOAi 0.2S 

SaniJ,  freight   0.1! 

Cement,  0.41  bbl.,  at  »- 0.88 

Lime,  i  bu.,  at  J0.20 0.40 

Total,    materials t  7.1) 

Total,  labor   (average) 7.98 

Grand  total,  material   and  lat>or.   per   1,000 
brick   116.39 

A^  ts  stated  elsewhere  In  this  article,  14  brick  were  Hgured  as 
maklDK  one  square  foot  oC  B-ln.  wall.  Tlils  would  make  604  bricks. 
wall  measure,  per  cubic  yard.  Accordingly.  II  we  divide  the  figures 
in  the  tabulations  given  above  by  2,  we  will  have  the  cost  per  cubic 
yard  of '  brick  masonry.    On  this  basis  we  have : 

VateHals;  Ciat  per  cu.  yd. 

1S9  bricks,  at  tB.OS (2.33 

Frelgtit    56 

M.  cu.  yd.  sand,  at  10.46 11 

Freight  00 

,22  bbL  cement,  at  42.00 44 

1  bu.  lime,  at  10.20 20 

Total,   materlols   tS.TI 

Bricklayers    12.08 

Helpers    91 

Carpenters 19 

Handling  materials B8 

Total,  labor   I3.B8 

Total,  material  and  labor 17.68 

Coit  of  Brick  Chimneyi. — On  small  chlmnej-s  and  flroplacea  the 
labor  cOBls  2  to  3  times  as  much  per  H.  as  on  plain  wall  work. 
A  mason  (BE  ctH.  per  hr)  and  helper  will  lay  600  brtcks  In  9  hra. 
The  labor  costs  80  to  35  eta  per  lln.  ft.  for  single-Rue  chimneys, 
g  X  8  Ins.  square  and  4  Ina  thick ;  and  M  cIb.  per  lln.  It.  for  double- 
l]u«  chlmoey.  There  Is  a  waHtage  it  brick  of  about  6%  where  the 
brick  Dt.  or  10%  where  cutting  la  necessary. 

Cost  of  High  Brick  Chimney  Stacks — With  wages  of  masons  at 
S6  cts.  per  hr.,  and  where  the  Hue  Is  large  enough  for  men  to  work 
from  the  Inside,  the  cost  of  laying  bricks  for  chimney  stacks,  100  to 
1Z6  ft  high.  Is  tli  per  U  of  tricks.  In  one  case  a  stack  IGO  ft 
high,  containing  250.000  bricks,  cost  fT  per  M  (or  labor,  wages  being 
as  above  given. 

Cost  Of  Brickwork,  Cross -References.— In  various  sections  o(  lliia 
book  Will  be  found  further  data  on  brick  masonry,  for  which  con- 
sult the  Index  under  "Brickwork." 

Cost  of  Rubbis  Walls.— Basement  walls  are  commonly  made  ol 
rubble.  The  best  work  requires  "two-man  rubble,"  that  Is,  stone 
too  heavy  for  one  man  to  lift.     A  common  allowance  for  a  lime- 
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Btone  rubble  wait  Ib  M  cu.  yd.  aand,  H  bbL  cement,  and  2.801)  Ibm. 
stone,  per  cu,  yii.  of  wall.  I(  Itme  Is  used,  allow  ti  btd.  lime.  A 
ma»n  and  helper  will  lay  3  cu.  yds.  In  8  hrs,.  bo  that  if  wagee  are 
SO  ttB.  per  hr.  for  mason  and  25  cts.  per  hr.  for  helper,  the  coat  of 
laying  1h   $2   per  cu.   yd. 

For  further  data,  see  the  Bectlone  on  Maeonry  and  Concrete. 

Coat  of  Aahlar Ashlar   In    buildings   Is    estimated   by   the  cubic 

foot.  In  orilGrlng  "raw  stone"  (uncut  stone)  for  ashlar,  fflve  tbe 
quarrymon  the  exact  number  of  cubic  feet  measured  In  the  walL 
He  will  moke  allowance  for  the  waste  In  cutting  it 

The  cost  of  Bedford  ashlar  tor  the  moldings,  tu^^et^  etc..  In  an 
Omaha  building  was: 

Percu.  n. 

Haw  Bedford    (0.65 

Cutllng,  wages  BE  cts.  per  hr. 1.0(1 

Setting   In   the   milldlng D.tt 

Washing  and  pointing U.OS 

Total   in  place |1.»0 

It  requires  about  1  gal.  muriatic  acid  to  wosb  BOO  sq.  fi.  To 
wash  and  point  the  Joints  coats  S  cts.  per  sq.  It 

Cost  of  Cut  Stone  Work.*— The  walls  for  the  building  of  th( 
Government  Printing  Offlce  at  Washington,  D.  C.  completed  In  1901, 
were  built  of  red  bricks  trimmed  With  red  sandstone  from  a.  quarry 
near  Ixmgmeadow.  Mass.  The  cost  of  this  stone,  ready  to  set 
was  as  follows; 

Per  cu.  (t 

Plain    ashlar 1 1. 80-12.00 

Molded  coursee   2.00-  2.40 

Bills     2,00-  t.tt 

Lintels     1.96-  2.1B 

Columns    2.00 

In  computing  these  prices,  all  molded  and  curved  or  Irregular 
pieces  wore  squared  out  to  the  minimum  containing  rectangular  por- 
alleloplpedon.  The  cost  of  Betting,  etc.,  average  (or  all  classes,  was 
aa  follows: 

Handling |«.  IM 

Sotllng   ni 

Cutting  (correcttons,  etc.) 018 

Pointing   til 

Mortar    Oil 

MlRcellanoou?   m.ilerlnls    0!t 

Total     I«.*0» 

The  high  cost  Is  said  to  be  due  to  the  care  with  which  the  Jtrintl 
were  calked,  and  to  the  fact  that  there  was  not  enough  atone  to  be 
placed  to  Justify  the  puri^haee  of  a  special  plant  to  handle  It,  Some 
of  the  wages  paid  for  8-hr.  day  on  this  Job  were  as  foUowa:  Laboi^ 
ers,   »1.60:  stone  masons,   14:   stone  cutters,   14. 
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Cort  of  Wood  Lathlng^The  standard  Slie  Of  wood  iRthg  la 
44 -In-  X  IH  InM.  X  4  fL  There  Is  a  apeclaJ  lath  made  S3  Ina.  Id 
lenKth.  LathB  are  sold  by  the  1,000  In  bundlea  of  GO  or  100  laths 
per  bundle.  A  commoo  price  la  tS  per  1,000  laths.  It  requires 
1,600  standard  laths  to  covar  100  «q.  yds.  Allow  10  lbs.  of  3d  fine 
nails  for  lOO  sq.  yda  vhen  Joists  are  IS  Ina  center  to  center.  Chi- 
cago lathers  have  llxed  l.iGO  laths  as  a  day's  work  per  man. 

The  cost  per  100  sq.  yda  la  as  follows; 

1,600  laths,  at  t3  per  H $4.50 

10  Iba  nails,  at  S  cts. 0.30 

Labor,  at  ja.20  per  S-hr.   day 3.84 

Total  per  100  sq.  yda tS.84 

This  la  S.fi  cts.  per  sq.  yd.     The 
deducting  window  and  door  open. 

Cost  of  Metal  Lathing.— There  are  several  makes  of  wire  lath- 
Ins,  as  well  as  expanded  metal  lathing.  For  plastering,  the  Ex- 
panded Metal  ElnKlneerlng  Co..  of  New  Tork,  furnish  two  styles  of 
expanded  metal  lath,  In  sheets  1^X8  ft.,  as  follows: 

Lbs.  per  sq.  yd. 

"Diamond"  lath.  Gaga  No.  24 S.fiS 

"Diamond"  lath,  Gage  No.  26 2.66 

"A"   lath.   Gage  No.   34 4.23 

"B"  lath.  Gage  No.  27 2.S* 


100  sq.  yda,  "Diamond"  No.  2fi 116.00 

10  lbs.  staples,  at  3  eta 0.30 

Labor,  at  fS.zo  per  S-hr.  day 3.20 

Total  per  100  sq.  yda I18.G0 

This  labor  Includes  the  cost  of  scaffolding,  and  Is  based  upon  some 
1,000  sq.  yda  of  work.  It  Will  ba  noted  that  the  labor  cost  Is  1.2 
cto.  per  lb.  of  metal. 

Coat  of  Plaster.— Plastering  on  lalhs  generally  requires  three 
coats,  occasionally  two  coata  The  flrsl  is  the  scratch  coat ;  the 
second  is  Che  brown  coat;  the  third  is  (he  white  coat,  or  tlnlsh.  On 
brick  walls  the  scratch  coat  Is  generally  omitted. 

Plaster  Is  made  either  with  lime  or  with  cement  plaster.  Cement 
plaster  (or  wall  plaster)  usually  consists  principally  of  plaster  of 
Paris.  Some  plasters  are  made  of  lime  gaged  with  Portland  ce- 
nwnt.  Whatever  kind  of  lime  or  plaster  Is  used,  sand  and  hair  are 
mixed  with  the  piaster.  The  hair  Is  put  up  In  paper  bags  sup- 
posed to  contain  1  bu.  of  hair  when  beaten  up.  and  supposed  to 
weigh  atH>ut  7  Iba  Some  cement  plasters  are  sold  with  the  proper 
amount  of  hair  mixed  In.  Cement  plaster  Is  commonly  sold  In  IDO- 
lb.  sacks;  four  sacks  making  1  bbl.    A  common  price  Is  25  eta  per 
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In  maklnfT  lime  plaaMr,  l  part  at  linw  paate  to  2  or  IH  parts  ol 
Kjreoned  nuid  la  uied.  About  IK  cu.  yia.  at  raad  ara  requited  pa 
100  aq.  rda  of  three-cDBt  plaater.  and  about  4  bbls.  o(  Umfc  or 
cement  piaster,  and   2  bu.  of  hair. 

The  coat  of  100  sq.  yds.  of  three-coat  plaster  Is  about  as  t 
100  sq.  7 

1.T3  cu.  yds.  sand,  at  (1 1   I.7t 

3H  bbU.  lime,  or  >  bu.,  at  SB  els. LIE 

1  bu.  hair,  at  <0  ct* B.g( 

100  Ibi.  plaster  of  Paris,  at  BO  cts. 0.S4 

Labor,  plBSterer^  at  5E  cla  per  hr. IS.Ot 

Total,  100  sq.  yds.,  al  21.2  cts. t2M* 

Coat  of  Plastering. — Hr.  R.  L..  Br^oker  lives  Ihe  lollonrlnK  averase 
cost  of  plastering  IT  Ijousea  In  Ohio  In  190S.  Elach  Iioiue  required 
GOO  to  1.000  sq.  yda.  of  plastering. 

Cti 


I 


Total     M.» 

The  following  materials  were  required  per  100  aq.  yds.: 
26  bunches  of  lath. 
7  sacks  Alaba»tlne  <1D0  lbs.  ea.).  ml.xed  i:t. 

IBO  the.  white  coat  material    (white  enamel   finish). 

In  plaaterlng.  a  man  averaged  10  bu.  yds.  of  flrst  coat  per  hour. 
although  on  two  Jobs  the  average  was  Jl  sq.  yds.  per  hr.  On  whttr 
coat  work,  a  man  averaged  IB  aq.  ydi  per  hr.,  and  the  best  record 
was  21 K  sq.  y^s-  per  ^'i*. 

The  lowest  labor  cost  of  lathing  waa  21i  cts.  per  sq.  yd. 

The  plastering  was  "throe-coat"  work,  the  flrat  and  Becond  coat 
belDg  applied  at  the  same  time  and  of  the  same  material^  whiU  the 
third  or  white  coat  was  not  applied  till  the  other  coats  were  dry. 
The  "brown  wall"  was  rodded  along  angles  and  baaa,  then  darbled. 
and  Just  before  taking  a  set  was  (loaled  to  an  even  surface. 

Cost  of  Placing  THe  Flrsprftaflno.— Hollow  tile  used  tor  floori  nt 
walls,  or  for  protecting  sleel  beams  and  columns.  Is  measured  by 
tha  squaro  fool.  It  la  desirable  to  purchase  11  from  the  manutac- 
turers  on  the  baalB  of  the  square  foot  measured  In  the  work.  Where 
the  brick-layers'  wages  were  4E  eta  per  hr..  the  tile  work  la  a 
four-story  hospital  cast  B14  eta  per  sq.  ft.  for  the  labor  on  the  1ft- 
In.  and  12-fn.  tile  doors  and  root  This  docs  not  Include  the  cort  ot 
hauling  the  tile  to  the  building,  but  It  does  include  the  hoisting  and 
delivery  of  the  tile  to  the  masona  The  labor  cost  of  4-ln.  tile  parti- 
tions and  tile  protectiun  for  1-beama  and  columns  was  <(4  cts.  per 
sq.  ft. 
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Coat  Of  Tarra  Cotia  Brick  Fire  Proofing.* — Solid  brick  ot  porous  ter- 
ra cotttt  were  used  for  flreprooQng  the  lloor  arches,  girders  and  col- 
uinn  covMingi  at  the  U.  S.  Oovemnient  prIntliiK  office,  completed 
In  1803,  at  WaahUiKton,  D.  C.  In  connection  with  the  floor  archea 
a  verr  heovi  akewback  having  projecting  flanges  IH  Ina  thick  was 
deaiKued.  The  protecting  nances  ar>  very  heavy  and  BtroiiK.  and 
meet,  with  a  small  mortar  Joint,  under  the  beam.  The  lower  tlanges 
or  girders  were  covered  with  Bhoen  of  the  ordinary  form,  meeting 
under  the  girder.  They  were,  however,  much  heavier  than  ordl- 
narllr  used,  being  solid  and  iVt  Ins.  thick.  Thev  were  tilled  with 
mortar  and  squeeied  on,  so  as  to  have  a  solid  bearing,  and  were 
then  wreiiped  all  around  with  wire  lathing  and  plastered  with  Port- 
land cement  mortar.  On  top  ol  the  shoes,  on  either  side  of  the 
girder.  Was  built  a  4-tn.  terra  cotta  hrlck  wall,  the  wire  lathing 
being  applied  before  the  4  Ina  walls  were  built.  The  4  Ins.  walls 
on  the  sides  of  the  girder  were  carried  to  the  top  flange  belore  the 
ilQor  arches  were  bulll.  The  latter  were  then  built  abutting  at  their 
ende  against  the  upper  part  of  the  4-ln.  walls,  thus  bracing  them 
securely  In  position.  The  columns  were  covered  with  4-lna  of  por- 
ous terra  cotta  brick  work  built  around  them.  The  inside  of  the  col- 
umn and  all  space  between  It  and  the  Are  proofing  were  niled  solid 
nlch  Portland  cement  concrete.  The  work  was  done  by  contract, 
the  following  data  being  obtained  by  keeping  records  of  the  con- 
tractors' work: 

Prom  time  required  to  set,  It  was  determined  Chat  the  girder 
rtioea  DQ  Ihe  various  girders  were  equivalent  to  about  E.S  bricks  per 

but  It  was  compensated  for  by  Increased  cost  of  changing  scaflotds, 
centers,  etc..  for  the  smaller  glrdera  The  flgures  of  coat  do  not 
allow   for  power  tor  hoisting   furnished  by   the  United   States,  nor 

OUDBt   COVBBINOB   Of    33-IN.,   3D-IN.    AND    Z4-IN.    QlRDBBS. 

Total  labor  coat: 

Per    1.000    bricks |l!.gO 

Per  linear  foot  of  ooverlng 0.624 

Matertala.   «aeJii*iu«   ot   the   terra   colla  and 
lolre  netlfni;; 

Per  1.000  brlcka 0.B5 

Per  linear  foot  ot  covering 0.163 

Average  day's  work  per  man,  bricks SG4 

Number  ot  brlcka  per  barrel  of  cement 64S 

OlBDER  COTEElKaS   FOB  GIRDERS    20  IkB.   AND  UND^ 

Labor  cost; 

Per  1,000  bricks 112.80 

Per  linear  foot  of  covering 0,S2S 

Ifaterials,  ezclu*<ve   of  terra  cotta   and   wire 

Per    1,000    bricks 3.40 

Per  linear  foot  of  covering 0.093 

Average  day's  work  per  man,  bricks B6* 

Average  number  of  bricks  per  barrel  of  cement.  6IG 
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Per   i.OOO   brlKkB flS.gO 

Per  linear  toot  at  coverltiB D.ti 

Average  day  a  work  per  man,  bricks G<4 

Average  number  of  bricks  per  barrel  of  cement. . ,   E4E 
In  tlie  one  linear  foot  of  beam  coverinc   (ikewbacka)   was  taken 
as  equivalent  to  G.E  bricks  In  time  and  labor,  data  on  the  work  beSog 
as  tollowa: 

Total  labor,  per  1,000  bricks |10.C4 

Total  labor  per  aq.  ft   of  floor O.OB 

Total  materials,  except  brlcka,  per  1,000  bricks..      J.S5 
Total  materials,  except  bricks,  per  sq.  ft  of  Ooor.  0.021 

Average  day's  work  per  man,  bricks itt 

Average  number  of  bricks  per  barrel  of  cement...  GTS 
The  above  flgures  are  based  on  the  actual  number  of  bricks  laid 
plus  3  per  cent  (or  waste.  The  average  coat  of  all  fireproof  cm- 
Btructlon,  excluding  ceilings,  but  IncludInK  column  and  gtrder  cov- 
erlngB.  and  including  roof,  was  30.4  cts.  per  square  foot,  of  whldi 
9.G  cts.  WHi  labor  applied  at  the  building.  Some  of  the  wages  in 
force  on  the  work  were  as  follows  per  S-hr.  day:  I«.borer«  |1.B«  to 
fZ  ;  bricklayers,  14  to  (4.^0. 

Cost  of  Ornamental  Terra  Cotta  Work.*— In  the  construction  of 
the  new  IT.  S.  Oovemment  printing  otHce  at  'WaHhlngton,  completed 
in  1903.  la.lQO  cu.  fL  or  &8E  tons  of  oroBmental  terra  cotia  was 
used.  All  of  the  ornamental  terra  cotta  waa  filled  solid  With  concrete 
BJid  where  It  projected  conBiderably,  as  In  the  main  cornice.  It  was 
thoroughly  tied  back  with  steel  anchors.  The  ornamental  terra  cotta 
used  was  built  up  of  relatively  thin  webs,  like  hollow  tllee,  exce^H 
that  It  was  built  up  by  hand  Instead  of  by  being  forced  thronsh  a 
die.  The  total  cost  o(  the  work  was  as  follows ;  the  price  givgn  for 
materials,  however,  does  not  Include  brick  or  concrete  flUlns; 
Per  cu.  fL      Per  ton. 

Handling    lO.OSSI         J1.0881 

Setting    ISOl  4.1511 

Cement,   etc.    024t  .7944 

Anchors,    etc.    024G  .8010 

Total   cost   of  setting lO.Jlil  «.»S4S 

Average  price  tor  materials I.GIO*         GD.OOOO 

Grand  total   |l.T4iI        IBS.9MB 

Borne  of  the  wages  paid  per  g-hr.  day  during  the  construction 
of  the  buildliiB  were  as  follows;  LAborers.  tl-EO;  bricklayera,  f4 
to  f4.S0. 

Cost  of  Combined  Concrete  and  Tile  Floor  Con stroctlon.t— Rein- 
forced concrete  was  employed  in  constructing,  during  HOB,  a  lEOxGft 
ft.  extension  from  g  to  10  stories  high  to  the  famous  Quebec  hotel,  the 
Chateau  Frontennc.  Structurally  the  new  building  consists  otar«fln- 
forced  concrete  ekeleton  covered  with  brick  outside  walls,  metal  root 
etc.    The  floors  were  combined  clay  tile  and  reinforced  concrete  coo- 

'Enffineertnff-Contractlng,  Nov.  20,   1907. 
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BtractLon,  and  coliunnB  and  slrders  vere 
Complete  records  of  the  cost  of  the  work  were  kept,  but  these  are 
not  aTallable  for  publication  except  for  one  typical  floor,  and  the 
cost  of  this  floor  1b  given  below. 

The  typical  floor  la  that  located  at  elevation  187,  The  slab  spans 
varied  from  12  to  IS  ft.  The  tile  used  were  8  x  12-ln.  hard  terra 
cotta.  The  concrete  joista  were  4  ins,  wide,  reinforced  by  one  %  X 
2-ln.  Kahn  bar  and  one  K-in.  cup  bar.  The  lolste  extended  the  full 
depth  of  the  tile  and  were  in  one  piece,  with  the  2-tn,  concrete  slab 
which  covered  the  tile.  The  floor  concrete  was  a  1-2-4  mixture,  and 
the  column  concrete  was  a  1-1-2  mixture.  A  %-in.  limestone  was 
used  for  BBsregate,  ~The  concrete  was  machine  mixed  at  tiaBement 
level  and  was  hoisted  ta  floor  level,  discharged  Into  a,  hopper  and 
distributed  over  the  floor  by  wheelbarrows.  The  quantities  re- 
quired for  the  floor  were: 

Concrete  In  columns,  cu.  yds 4I.S 

Concrete  In  Boor,  cu,  yds. EGG. 8 

RelntorcInK  ateel.  tons ZG,9 

TUe.  S  X  IZ-ln.,  number 28.000 

Lumber,  fonnB  and  staKlng.  ft.  B.  M 4G.000 

The  cost  of  the  floor  concrete  was  as  follows : 

Concrels,-  Total.  Per  cu.  yd. 

Materials  for  tGS.S  cu.  yds tl.445  t5.6B 

PlecInK   8B5.8   cu.    yds 174  0,58 

Totals    tl,«19  te.23 

This  Is  the  cost  for  the  floor  slabs  and  beams  above.  The  cost 
of  the  concrete  In  the  columns  (43, G  cu,  yda.)  was  f4G4,  or  19.21 
per  cu.  yd.  The  coat  o(  reinforcement  for  the  whole  floor,  columns 
included,  was  as  follows: 

aetntorcement:  Total.         Per  ton. 

2S.9  tons  steel  at  tTG (1.943  ITG.OO 

Cartaseon  steel 21  0.80 

Handflne'  and  placing  steel 130  G,00 

Totals    12,094  jso.ao 

This  gives  a  cost  per  cubic  yard  of  concrete  for  reinforcement  of 
t8.99 — or  say  (7.    The  cost  of  forms  and  slaging  was  ns  follows: 
Form»  and  BlatHng:  Total.      Per  M.  ft. 

4G  H,  ft,  B.  M.  lumber  at  122 1990  $22.00 

Construction      SIS  la.TO 

Totals    11,606  IS6.70 

Siumnarliiag,  we  get  the  following  total  cost  for  concrete,  charg- 
ing everything,  except  tile  work,  to  conntele: 

Item:  Percu.  yd. 

Concrete  In  place IB, 97 

Reinforcement    S.99 

Forms  and  staging G.SS 
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The  cost  of  the  tile  work  tn  the  Soor  alabs  was  aa  follows : 
Tile   WoTic:  Total.  Per  tile. 

iS.OOO  tile  at  10  cts (180  la.oa  ct*. 

Cartage  31  0.11  cla. 

Handlins  and  layine 4i  0.1  &  cti. 

Totals     ItEt  IP.JT  cU. 

The  total  coEt  of  ttie  door  was  tt.D7Z,  divided  Into  Hie  foUowtng 
percentage  ItemB: 

Concrete    Si  per  ctmt 

Steel    SB  per  cent 

Forms    2t  per  cent 

Tile   i  per  cent 

Total    100  per  cent 

Coats  of  Combination  Concrete  and  Tils  Floors  In  Three  BulM- 
Ings.* — The  following  flgures  o[  costs  ol  similar  conalructlon  are 
from  flgureB  given  by  Prof.  W.  K.  Hatt,  Purdue  Unlveniltr.  La- 
fayette, Ind.,  who  was  engineer  of  the  work.  The  work  comprised 
three  buildings: 

Indiana  Stole  Soldieia-  Home.— This  building  Is  Irregular  In  plan. 
With  two  stories,  attic  and  basement.  It  Is  constructed  of  brick  and 
limestone,  with  reinforced  conctete  hollow  tile  Ooors,  each  floor  cov- 
ering approximately  T.OOO  sq.  fL  The  floor  ribs  are  4  Ins.  In  width 
and  range  In  depth  from  10  to  6  Ina  The  rib  apaiiH  are  from  S  to 
IB  fL  The  tile  are  li  X  12  Ins,  of  projected  area,  and  the  ribs  are 
thus  apaced  1«  Ins.  centers  In  all  caaes.  The  thlcknesa  of  concretr 
over  the  tile  Is  2  Ina.  Upon  this  floor  la  placed  a  J-ln.  cinder  con- 
crete, ovei  which  there  ia  a  'K-ln.  maple  flooring  upon  nailing  strip* 
The  floor  was  designed  to  hold  a  live  load  ol  GO  Iba  per  sq.  ft.  for 
the  flrst  floor  and  second  lloor,  and  30  Iba.  per  sq.  It.  live  load  for  the 
attic  floor  In  addition  to  cinder  SlUng  and  wood  floor.  The  ribs  were 
continuouB  from  the  side  rooms  through  Into  the  corridor.  The  con- 
crete was  1 :2  A,  with  a  screenad  gravel  aggregate.  The  gravel  and 
sand  contained  about  4i4  per  cent  of  clay.  Reinforcing  was  idaln. 
round  bars  of  soft  steel.  Forms  consisted  of  %-ln.  lagging  sup- 
ported on  Joists,  spaced  24  Ina,  running  l>etween  the  walla  l^ie 
steel  rods  were  supported  on  a  large-headed  nail  driven  Into  the 
centering,  and  the  wire  staple  was  driven  over  the  bar  Into  the  same 
centering.  The  channels  of  the  ribs  were  cleaned  of  all  dirt  by  blow- 
ing out  with  steam.    The  tile  were  kept  wet. 

The  attic  floor  was  of  cinder  concrete  slab  construction,  S  Ins. 
thick.  Wire  fabric  of  S  X  12-ln.  mesh.  3  X  8-in.  and  Noa  t  and  10 
gage  wires,  respect iv el j',  were  used  for  reinforcing.  The  cinder  con- 
crete was  1 :2  A.      Cinder  was  of  good  quality  and  screened  of  all 

Most  of  the  floor  construction  was  flurlng  freezing  weather  and 
Iho  building  was  heated.  Salamanders  were  kept  burning  day  and 
night    ani    the   forms   were   sprinkled    to    prevent   baking   the  con- 
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ciet«^  while  the  exposed  Hurfoce  of  the  concrete  was  protected  Irom 
treulns  by  tar  paper,  on  which  was  a.  layer  of  manure. 

Table  VIII.  kIvch  the  unit  coat  of  the  second  Qoor  of  the  Soldiers' 
Home  Hoepltal  The  spans  were  aa  follows:  Corridor,  clear  span, 
8  ft.;  etde  ropms,  clear  span,  from  10  to  15  (t. 

The  uidt  stresses  used  tor  the  design  were  aa  follows:  Tension  of 
steel,  14,0BD  lbs.  per  sq.  in. ;  compression  in  concrete,  T60  lbs.  per  sq. 
In. :  bond,  76  lbs.  per  sq.  In. :  diagonal  tension,  TG  lbs.  per  sq.  In. 
(one  bent  rod). 


cu.  yd. 

Per  sq.  Crete  and 

Total,      ft.  floor,  mortar, 

xne  taytaK tlOS.71)  lO.OlS        |1.40 

Bending  and  placing 3S.10 

Cost  1  0.  b  Lafayette  ITG.OO  0.030         S.BO 

Total    1211.10 

ConcTe$e: 
Cement.  114.E  lbs.,  (l.TE  f.  o.  b.  Lafayette  SOO.ST 
Orovel.  84,24  yds.  at  fl.lO  per  yd.,  hauled 

and  screened    T0.6C 

Sand,  Z2.1i  yda  at     tl.lO  per  yd.,  hauled 

and  screened  3E.3S  0.044         S,9S 

Total     t30fl,39 

Cement,  16.2G  bbla.  tl.2S.  t.  o.  b  Lafayette     2B.44 
Sand.    4.4    cu.    yds.    Dt    11,10.    hauleJ    and 


Total    I  33.38 

Wheeling,  mixing,  hauling,  tamping,  runs, 

etc    2BB.79  0.0J8  3.30 

Centering: 
Putting  up  and  tearing  down 414.40  O.OSO         6,35 

Totals    |1,329.»3  J0.190      $17.24 

Purdue  VniveraUu  Experiment  Station  Building. — The- building  Is 
U-shaped,  with  basement,  two  stories  and  attic  The  first  and  sec- 
ond floors  were  designed  for  a  live  load  of  100  lbs,  per  sq,  ft,,  and 
the  attic  for  a  live  load  of  60  Iba  per  sq.  ft.,  In  addition  to  weight 
of  cinder  fllttng  and  floor.  The  concrete  is  1:2:4;  aggreKate  was 
screened  bank  gravel.  The  sand  aod  pebbles  were  remixed  In  speci- 
fied proportion.  Reinforcing  was  plain,  round  bars  of  steel.  The 
Doors  were  supported  on  girders  and  columns.  The  spans  varied 
from  9  to  23  ft. 

The  centering  la  composed  of  4  x  4-Id.  posts  with  1  x  lO-ln, 
chorda  nailed  to  them.  Upon  the  chords  are  Joists  supporting  %-ln. 
lagxlng.    The  waclng  of  the  chorda,  posts  and  Joists  varied  accord- 


noo  HANDBOOK   OF  COST  DATA. 

Ing  to  the  weight  of  the  floor  aupported.  On  the  laggliiK  tUcs  arc 
[ilaced  with  a  clearance  of  not  leu  than  4  Ins.  from  all  waila  aitd 
glrdera  and  ciiaced  IT  [nii.  centers.  Ihu>  msklnK  a  5-ln.  rib.  In  lay- 
Ins  these  tile,  hard-bumed,  small  llle  were  placed  together,  and  sott- 
bumsd,  large  tile  together,  thus  assuring  a  rib  of  even  width.    The 

Table  ix. — Unit  Costs  Fibbt  Fimou  EIxfmbiiunt  Statioh. 

Per 
Per  Ki.     cu,  yd. 


I*ylnK   t   ".20 

Hoisting   IBS. 80 

Cost  (.  o.  b.  Lafayette 587.85       10.0587        IJ,<7 

Total     (740.85 


Total     1887.89 

Concrete,  1,961  yards: 
C»nent,  30S  bbia  at  tl,I7  f.  o.  b.  Lafayette  16D.36 

Sand,  tl  per  yd.,  hauled  and  screened 88.80 

Qravel,  tl  per  yd.,  hauled  and  screened...   171.80 


0.04S1         t.6S 

Cetiterinn: 
Lot  by  i-ontract  nt  812   per    1,000;    87,800 

used   (labor  only)    811. SO         0.0848         t.t* 

Superintendence     380.00         0.0181  1.S8 

Total     83,911.80        JO.SlJi        tl8,44 

rods  were  held  In  place  by  nails  and  staples  and  were  eootlnniMiB 
from  one  panel  to  another.  Before  any  concrete  was  deposited  Id 
the  ribs  a  1 :3  cement  mortar  was  placed  In  the  bottom  ot  the  chan- 
nel and  brought  lo  the  level  of  Ihe  middle  of  the  rod.  Great  care 
was  exercised  In  cutting  the  concrete  In  between  the  rods  and 
against  the  faces  ot  the  tile.  The  concrete  was  very  wel.  so  that  It 
would  keep  an  even  surface  In  the  wheelbarrow,  but  yet  would  sup- 
port the  pebbles  on  the  surface. 

A  batch  ot  concrete  In  the  mixer  was  received  In  «  bucket  and 
hoisted  to  a  large  box  on  the  floor,  and  taken  out  in  barrows  to  be 
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'iABLm  X. — Unit  or  Costs  op  Sicokd  Floob,  Eicpbriuent  Station. 

Per 
Per  BQ.       cu.  yd 
(L  0(       of  con- 
floor  Crete  and 
Total        area,     mortar. 


Holvtlns    I1J6.09 

I^LyiiUC 4S.20 

Coat  t  o.  b.  lAfayette S93.«2       tO.oeOT 


Total    |TBB;8a 

Steel.- 


Bendlnc  and  placing 


26.6  tons  at  $fo,  t.  o.  b.  Lafayette 166.00         0.OT16 


Total     J941.73 

ConnTete,  211  yards: 
Cement.  338.6  bbla.  fl.lT.  t.  a.  b.  Lafayette  39S.T0 
^nd.  _S4.ia  yda.,  at  tl.  screened  and  hauled     "■  •■ 


Gravel.    I88.S2   yds 139.32  0.0636  3.02 

Total     $373.18 

Jfortor,  S.6  yards: 
Cement  28  bbla.  at  31.13,  t.  o.  b.  Lafayette     30.10 
Band.  9.5  yda.  at  $1,  screened  and  hauled.        B.SO  0.003fl  0.18 

Total    %  39.90 

Wheeling,  mixing,  tamping,  dumping  runs  461.33         0.03B4         2.DS 
Superintendence    145.00         O.OllG         0.66 

Ctntering: 

Set  by  contract  (approximately) 300.00  0.OI7B  2.BS 

Total   33,333.01        10.2877      tlS.Z2 

Th«  flnt  floor  was  laid  during  freezing  weatlier.  To  prevent 
freeslDg.  salamandera  were  kept  burning  day  and  night  and  the 
concrete  wae  covered  with  a  heavy  layer  of  straw. 

The  latxir  lor  the  concrete  was  paid  at  a  rate  of  20  eta  an  hour. 
The  unit  cost  for  the  llrst  and  second  floors  of  the  experiment 
station  are  given  by  Tables  IX  and  X.  as  furnished  by  H.  A. 
Wortham.  Inspector  on  the  work.  Note  that  these  floors  cost  on  on 
average  of  about  30  cla  per  square  foot. 

The  unit  atresaes  used  were  as  follows:  Tension  In  steel,  10.000 
lbs.  per  sq.  In. ;  compression  in  concrete.  TEO  lbs.  per  sq.  In. ;  bond 
on  steel,  T6  Iba  per  sq.  In. :  diagonal  tension  without  stirrups,  but 
With  one  bent  rod.  76  Iba  per  sq.  in. 

The  external  moments  were  flgured  ^  W.  L.,  both  at  the  center 
and  over  supporta  Ttie  length  of  span  was  between  centers  of  the 
beai-lnga  This  design  Is  conservative,  and.  In  the  belief  of  the 
writer,  might  be  cut  down  perhaps  26  per  cent  wllh  safety. 

Shrinkage  stresses  at  the  surface  of  the  floors  are  taken  Up  by 
■4-in.  wira 

Cost  of   Bituminous  Concrete  for   a   Mill   Floor.*— In  laying  tar 
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concrete  base  tor  wood  covered  mill  noon,  the  comtnoR  iirmctlcc  le 
(o  uae  a  mixture  o(  ateam  cinders  aKKregate  and  coal  tar  binder, 
and  to  mix  tbe  materials  by  band.  A  departure  from  this  finctlce 
Is  recorded  by  Mr.  C.  H.  Chadiey,  Construction  Englnser,  Northern 
Aluminum  Co..  Ltd..  SbawlnlKan  Falls,  P.  Q,,  Canada.  In  laying 
1T.'S4  sq.  ft.  o(  mill  Root.  A  sand,  broken  stone  and  tnr  mixture 
was  used  and  the  mixing  was  done  with  a  Ranaome  mlrcT.  The 
apparatus  used  and  the  mode  of  procedure  followed  were  a>  followe: 
Two  parallel  8-In.  brick  walla  !G  ft  long  were  built  4  ft.  apart 
and  2^  ft.  high  to  form  a  furnace.  On  these  walls  at  one  end 
was  set  a  4x6x2  ft.  steel  plate  tar  healing  tank.  Next  to  this 
lank  for  a  v>ace  of  4xB  ft.  the  walle  were  spanned  between  with 
steel  platea  This  area  was  used  for  heating  sand.  Another  space 
of  4xS  ft.  was  covered  with  IH  in.  steel  rods  arranged  to  form  a 
grid ;  lhi3  space  was  used  for  heating  the  broken  atones.  The  grid 
proved  especially  cfHclont.  aa  11  permitted  (he  hot  air  to  pass  np 
through  the  stones,  while  a  small  cleaning  door  st  the  ground 
allowed  the  screenings  which  ilropped  through  the  grid  to  be  lalted 
out  and  added  to  the  mixture.  A  Are  from  barrel  Etaves  and  refuse 
wood  built  under  the  lank  end  was  auISclenl  to  heat  the  tar,  sand 

For  mixing  the  materials  a.  Ransome  mixer  was  selected  for  the 
reason  that  heat  could  be  supplied  to  the  ejiterlor  of  the  drum  bjr 
building  a  wood  fire  undernenth.  This  lire  was  maintained  to 
prevent  the  mixture  from  adhering  to  the  mixing  blades  and  It 
proved  quite  effective,  though  occasionally  they  would  have  to  be 
cleaned  with  a  chisel  bar,  particularly  when  this  aggregate  was 
not  sufflciently  heated  before  being  admitted  to  the  mixture.  A 
little  "dead  oil"  applied  to  the  discharge  chute  and  to  the  shovels, 
wheelberrown  and  other  tools  effectually  prevented  the  cvaerete 
from  adhering  lo  them. 

The  method  ot  depositing  the  concrete  was  practically  the  same 
as  that  used  in  laying  cement  aidewalks.  Wood  strips  attached  to 
stiikea  driven  Into  the  ground  provided  templates  for  gaging  the 
thickness  of  the  base  and  for  leveling  off  the  aurface.  The  wood 
covering  consisted  of  a  layer  of  2-ln.  planka.  covered  by  matched 
hardwood  flooring.  In  placing  the  planking,  the  base  waa  coverad 
With  a  U-ln.  layer  of  hot  pitch.  Into  which  the  planka  were  pressed 
Immediately,  the  last  plank  laid  being  toe-nailed  to  the  preceding 
plank  just  enough  to  keep  the  Joint  IghL  After  a  few  minutes  the 
planka  adhered  ao  firmly  to  the  baae  that  they  could  be  removed 
only  with  difflculty.    The  hardwood  surface  was  put  on  In  the  usual 

The  prices  of  materials  and  wages  for  the  work  were  aa  follows: 

Pitch,  bulk,  per  lb %  0.007B 

Gravel  per  cu.  yd l.Bt 

Spruce  Bub-lloor.  per  M.  ft.  B.  If. 16.00 

Hardwood  aurface,  per  U.  ft.  B.  M 13.00 


Lahore 

Foreman,    pur    10-hour    day 

Carpenters,    per    10-hour    day.. 
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At  these  prtcea  and  not  Includlns  a  bribU  admlnlBtratLon  coat  or 
the  coat  of  tools  and  plant,  the  cost  of  the  floor  conalstInK  of  4H  Ins. 
of  concrete,  2  In*,  of  apruce  aub-floortuB  and  %  In.  hardwood  flnlah 
was  aa  followa: 

Pitch    10.04 

Gravel   0.02 

Spruce,  for  sub-floor 0.03 

Hardwood   for   surf.iclne 0.03S 

JlAbor,  inlxinc 0.03 

Idbor,     laying 0.016 

Cariienter    work 0.026 

Total  per  sn.  It. tO.196 

Coat  of  Paaaenger  Btatlon* — In  the  Railroad  Qatette,  Sept.  16. 
1904,  p.  350,  photographs  are  given  of  a  passenger  siatlon  of  the 
Santa  Fe  at  Oakland.  Caltf.  It  la  201  ft  long.  Including  arcades, 
and  E4  ft.  wide,  total  11,000  aq.  ft.,  and  Us  cost  was  $12,000.  The 
tnain  part  la  two  stories  htgh.  It  has  arcades  12  ft.  wide  running 
entirely  around  It.  The  building  la  Spanish  mission  style,  built 
of  steel  lath  covered  with  concrete  and  With  red  tile  roof. 

A  one-story  brick  passenger  station  built  In  )SBg  at  Qutncy,  IIL. 
for  the  C.  B.  A  Q.  R  R.,  cost  |75,0O0,  or  14.27  per  aq.  fL  It  la 
SS  X  £04  ft.,  and  has  a  tower,  ED  ft.  square  at  the  roof  level,  rising 
to  a.  height  of  IGO  II.  The  walls  at  the  station  are  of  red  pressed 
brick,  with  trlmmlnga  of  sandstone  and  terra  cotta.  The  walls  are 
22  ft  high.  The  roof  la  of  Spanish  tile,  with  a  pitch  of  30°.  The 
Interior  finish  Is  an  enameled  brick  wainscoting,  and  plastered  walls 
and  celling.  The  walling  room  (64x70  ft.)  has  a  marble  tile 
Roar,  and  the  other  rooms  have  muaalc  tile  floors. 

Coat  at  Four  Frame  Depots* .—This  Is  the  flrst  of  a  series  of 
artlclea  that  we  shall  publish  on  the  coRl  of  railway  buildings 
While  they  are  typk-al  railway  alrui^tuies.  still  the  cost  data  will  be 
found  equally  valuable  In  estimating  the  costs  of  buildings  erected 
for  other  purposes. 

It  la  a  fact  not  generally  known  that  the  labor  coat  of  framing 
and  erecting  plain  buildings  averages  from  (10  to  flG  per  1,000 
(t  B.  V.  This  tact  will  be  clearly  brought  out  In  these  artlclea. 
and  It  will  be  of  great  assistance  lo  anyone  who  Is  called  upon  to 
estimate  the  cost  of  a  plain  frame  building.  Wages  will  be  given 
in  each  caae,  but  the  reader  la  cautioned  against  supposing  that  an 
Increase  In  wages  necessarily  Involves  a  corresponding  Increase  In 
coat,  A  high  priced  carpenter  Is  usually  more  efllclent  than  a  low 
priced  carpenter,  the  very  fact  that  he  Is  high  priced  often  being 
evidence  In  Itself  that  he  Is  correspondingly  more  competent  than 
the  low  priced  man.  A  contractor  who  pays  tl-EO  a  day  for 
carpenters  will  usually  get  more  work  done  for  the  money  than  will 
a  railway  company  that  pays  12.50  a  day  for  Its  "company  car- 
pentera."    Railways  have  a  policy  of  paying  very  low  wages,  under 

•EtiSfineeriiig-Contractini,  Aug.   28,  1907. 
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the  miBtaken  Idea  that  they  a.re  economlilne-  thereby.  In  conae- 
quence,  they  usually  secure  iasy  or  Incompetent  day  woiiiere. 
PBrh&pg.  with  their  present  lack  of  i^atem  In  keeping  costi  of 
conBtructloD.  tha  rallwayg  Would  gain  nothlnB  by  entplorlng  higher 
priced  men. 

The  work  that  we  are  about  to  describe  whs  dene  by  "company 
forces,"  carpenters  receiving  t^.GO  for  10  hours.  As  Is  usually 
the  cose  In  day  labor  job^  the  men  were  very  slow. 

The  method  of  summarlilng;  the  costs  of  buildings  is  our  own- 
Records  kept  by  railways  are  usually  bo  Jumbled  up  as  to  be  of 
no  use  In  comparing  the  costs  of  similar  structures  or  In  ascertain- 
ing whether  the  cost  of  any  particular  structure  has  been  reasonable 
or  not.  This  Is  largely  because  the  engineering  department  Is  not 
In  charge  of  building  construction,  or,  If  It  Is  In  charge,  the  engineers 
take  little  Interest  In  work  which  does  not  seem  to  be  englneerlDg. 
There  Is  crying  need  for  cost  analysis  engineering  In  the  manage- 
ment ot  all  building  construction,  but  particularly  on  railways. 

The  cost  of  those  plain  frame  depots  may  be  convenloiUy  dis- 
tributed under  seven  headings ; 

Lumber. 

Shingles. 

Mlllwork. 

Hardware. 

PalnL 

Masonry. 

subdivided  to 

The  weight  of  each  building  o(  standard  design  should  be  esti- 
mated. BO  that  the  ItEms  of  freight  and  team  haulage  can  be  ac- 
curately predicted,  but  this  Is  rarely  done  by  railway  companies 
The  number  of  square  feet  of  ground  floor  area  should  be  stated, 
and  the  cost  ot  each  building  reduced  to  costs  per  sgtiare  foot, 
both  In  dollars  and  cents  and  in  percentage*. 

Coit    of   a   H    X    W   Ft.    Depot.— This    was    a    small    combination 
'    and    freight    depot,    of    very    i^ln    deslBn,     without    a 
f  foundation  and  without  plastering.      The  building  was  one 
',    21kB0    (t.,    surrounded    l>y   a  wooden  platform   In   front  and 
,  and  a.  cinder  platform  extension. 

lis  depot  had  an  area  of  1.440  W].  fU,  exclusive  of  the  plaUonn. 
Wetiiht.  Uw. 

30  M.  at  8,300  Iba 39,000 

20  M,  shingles  ar 

Ulllwork     


.100    brick 6, 

Total.   Bt  tons 110, 
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Lumber. 

8,026  It.  R  H.. 
12,800  ft.  B.  M. 
1,*00  (t  B.  M.. 

at  IS.00 

No  a  com.  s.  I.  a, 

1  In.  oak,  at  110.00 

kitsM'.'.'.'. 

114.00 

2.700  tt.  B.  M.,  No.  2  D.  Biding,  a 


S0,45T  ft,  B.  ML,  total  luc 

Shingle*. 
SO  11  shlngkB,  at  fl.lO. 

M'llwork. 


iber,  I1J.2J  a 


.  .t     9.01 


S2G  Un.  ft.  5  In.  crown  mouldinK,  at  3c. . 

1  tranaom,  3  doora.  B  windows it.v> 

EYames  for  doora  and  vindowa IG.Oi 

Total  mlllwork   ., t  66.71 

Barctware. 

8  rolls  tar  paper  at  T6c t  S.Ol 

lalK-at  2W- 


Locha.  kooba,  hlQK^i,  etc , . 
Total    hardware 


.  .|3T.Gl 


Paint,  23  gala,  at  70o tl«.l( 

MfuoHry. 
Brick.  1,100,  at  fS.DO t  S.Si 

Building  depot. 

18  days  foreman,  at  IBO.OO  per  mo. $  9S.3I 

87  daya  carpenter,  al  12.50 "■"  =' 

Gl.S  days  helper,  at  tl.T6 

1T«.2  days  total,  at  (2.3!  average K06.3I 

Putting  up  ladders. 
2   days  carpenter,    at    12.60 

Painting  depot 
U  davs  helper,  at  tl.16 f   24.61 

Building  chimney, 
4  days  mason,  at  14.00 1   11.01 

Filling  cinders  In  platform. 

2  daya  section  foreman,  at  lEO.OO  per  mo 

8  daya  labor,  at  11.06 


iS.EI 
3S.6I 


Total.    Per  c< 


Hlliwork 

Hardware     

23  g'.ls.  paint,  at  70c.. 
1,100  brick,  at   IS.OO.. 

Total    materials 
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lTe.2  daya  labor  bulIdlnK.   at  12.32 I4DS.38  tE.l 

2  dayH  labor,  put  up  ladders,  at  fZ.EO G.OO  0.1 

14  days  labor,  palming,  at  |1,TE 24. ED  2.t 

4  daya  labor,  building  cbtmney,  at  14.00     IG.DO  l.S 

8  days  tabor,  ailing  clnderH,  at  11.20 8.&0  0.9 

Total    labor I4S0.SB 

_  .    .  ...  .I897.6r 

.(  es.oi. 

tSG2.eO 

Tools   (exceasive  In  tbis  case) 38.G0 

Qrand     total f  990.00 

Per. »!.  ft.  Percent 
Materials  »0.104        44.J 

Labor     0.119         4«.G 

Freight    0.03B  G.t 

Toola     0.027  4.0 

Total      :::^.:...  |0.SS8         100.81 

Tt  will  ba  noted  that  the  price  of  lumber  was  very  low. 

The  total  labor  was  t4B0,  which  Is  practically  flG  per  I,0»0  ft. 
B,  M.  Id  Ihe  depot  and  plattorai.  If  we  exclude  the  labor  of  build- 
ing the  chimney,  painting  the  depot  and  spreading  the  cinder  plat- 
form, the  labor  cost  1406,  or  about  tl3  per  1,000  ft.  B.  H..  yet  some 
time  was  loHt  by  the  crew  waiting  for  lumber  to  arrive.  Ttle  lost 
time  Should  have  been  recorded,  but  was  not. 

Coat  of  Another  U  a  m  Ft.  Depot. ^Thls  depot  was  similar 
to  the  last,  except  that  7,200  ft.  B.  U.,  of  second-hand  car  allli 
(8x18  Ins.).  were  used  for  posts  and  stringers  ot  the  platlonu: 
Orading  of  the  depot  grounds  was  an  unusually  expensive  item. 

t  I8.B0 .'. I  BS.OO 


7,200    ft    B.    Af.    CS    In.    x    IB    in.)    second-hand, 

at   14.00   18.80 

$,40D  tt  a  M.,  3.  I.  a.  at  (10.00 64.00 

8.900  ft.  B.  U.,  S.  L  8.,  1  In.,  at  812.00 101.80 

I,0dO  ft  B.  M.,  com.  floor,  at  tl2.E0 11.11 

l.BOO  ft  B.  M.,  com.  ceUlng,  at  tH.EO 4E.*0 

900  ft  B.  M..  clear  floor,  at  121.00 18.90 

i.eOO  ft  B.  M„  drop  sidine  No.  2.  at  $21.00 G4.<l 

300  ft  B.  H.,  com.  celling,  at  tlS.OO 4.ED 

88.960  tt.  B.  M...  total  lumbar 840172 

Shfnctea. 

23  M.  Bhlnglea,  at  Tf.CA t  3(.S0 

Klllwork. 

1.200  lln.  ft.  molding,  at  «o  :iv 8  9.00 

Doore  and  wlndowa  and  trames 70.00 

Total    nilllwork %  T9.00 

B  rolls  tar  paper  a 
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Paint. 

U  BBla.  pXnt,  at  7Gg 

IS  gals,  boiled  oil  and  turp. . 
10  gala.  Rogier's  black  palnl 

Total    paint 

Uaaonrti. 
1   H.  brick 

tin  loading  lumber. 
1  days,  carpenter,  at  t^.SO. . 
T  daya,  helper,  at  12.00 


>  days,  totaL  a 


t  »2.H1 


Bulldine  and  pain  tins  depot. 
13  ilay«t  foreman,  at  ISO. 00  per 
140.2  days,  carpenter,  at  fl.GO.. 


147.3  daya,  lotal,  av.  at  ti.41 

Grading  depot  groundji. 
6  daye,  section  foreman,  at  ISG.OO  per  mo.. 
IS3  days,  section  men.  at  tl-IO ibb.ii 

IBS  daya  total  ^adlns SI'S.Bi 


Materiali.                                                  Totals.  Per  cen 

38,950  n.  B.  U.,  lumber t    103.73  32.7 

it  U.   shlnKtes.  at  tl.GO Jft.gO  3.0 

KlJlworlt    79.00  6.3 

Hardware    44.60  3.8 

44  gnlH.  paint,  and  16  sals'  oil  andturp.         G4.CI0  4.4 

1.000   brick 8.00  0.6 

Total   materials    tit.bZ  Gl.O 

9  days,  unload  lumber,  at  |2.11 t      19.00  1.6 

147.3  days.  buUdlnr  at  1241 6SG.36  47.4 

Total     labor t    904.36  49.0 

Total  materials  and  labor tl.i30.S8  100.0 

Freight.   70  tons  at  |1.00 70.00 

Grading  depot  grounds. .... 


£«.00 


11,605,78 

Uaterials   10.438 

lAbor    0.420 

FVelght     0.049 

Tools     0.018 

Grading    0.124 

It  will  be  noted  that  the  labor  on  the  depot,  exclusive  of  grading 
the  grounds,  amounted  to  (804.  This  Is  a  trlDe  more  than  $1G.S0 
par  1.000  tL  B.  H. 

It  will  be  noted  that  the  paint  for  this  depot  cost  four  times 
what  paint  cost  (or  tho  other  depot,  indicating  the  neceaslty  of  so 


1 00.0 
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e  quickly  made  with 


clasBtfylDK  costB  as  to  enable  c 
0.  view  to  dlBcoverlnK  "leaks." 

Coal  of  a  SOxia  Ft.  Depot. — This  depot  has  the  aame  arei. 
1.440  sq,  ft.,  as  those  previously  described,  but  la  wider  and  Bhorter. 
The  labor  of  building  this  depot  cost  1642,  whJch  Is  equivalent  to 
a  little  more  than  fil  per  l.OOO  ft.  B.  U. 

WelEht.  Lbs. 

41   M.   at   3,300   lbs. 13S.30I) 

31  M.  shlnKles.  at  150  lbs. 3.150 


Weight,    75    tons 149,460 

10,255  tl.  B.  U.,  at  t  7.00 t  71.79 

10.940  ft.  B.  M..  a  I.  3.  2B,  at  17.60 8S.06 

8,920  ft.  B.  M„  3.  I.  8..  at  |7.50 SS.4I1 

4,600  ft.  B.  M.,  No.  2  boarda  at  tll-90 64.71 

2.800  ft.  B.  M.,  IxE  Bldlns.  at  114.00 39.20 

1,100  ft.  B.  H.,  1x4  Hoorlnr,  D.  M.,  at  119.00...  20.90 

l,TO0  tt.  B.  M.,  2ie  nelected,  D.  M.,  at  tS.60....  14.46 

139  ft.  B.  H.,  S.  4  S.,  No.  2  dr.,  at  (17.00 2.3t 

6es  fu  B.  M..  S.  I.  S.,  at  tlD.OO 5.«9 

200  fL  B.  M..  S  1  S.,  at  $19.00 7.iS 

4,437  It.  B.  M.,  S  In.  x  1«  In.,  S.  H.,  at  t4.00 17.76 

40,729  ft.  B.  M.,  total  av.,  at  18.50 (34E.«0 

21   M.  shingles,  at  $1.76 f  S«,76 

Mitlviorh. 


1^380  lln.  f(.  moldlns  at  %c. . . 
windows,  doors  and  frames. . 


LifKha,   knoba    hinges,    etc.... 
MiscellnneouH     

Total     hardware 

Paint. 
30  gala  outHldo  paint  at  60c. 
20  Bala  Inside  paint  at  B5c. . 

Tot3l  paint 

liasonrt/. 

1.000  brick  at  19.00 

24  BachH  cement  at  $1.00 

3  sacks  lime  at  eoc 

Total    maaoiin' 

Labor. 

Unloading  material. 
1  day  foreman  at  180.00  pe 
5  day  carpenters  at  (2.60.. 
10  day  helpers  at  (2.00 

1«  Total  av.   (2.20 


F  39.25 
t   18.00 


20.00 
t   36.17 


BUILDINGS. 

Pattlns  In  foundatioiL 
E  day  ciupenters  at  tZ.EO 

4  day  halpera  at  T2.00 

5  Total  av.    |2.30 

Building'  depot. 

IT      days,  foraman,  at  tSO.OO 

ST.G  days,  carpenter,    at    t^.tO iib.id 

eO.5  days,  belper,    at    ta.OO lOl.OO 

UG  days,  total  av.  «2.t« tiBB.G2 

*    Painting  depot 

e  days,  carpenter,  at  %iM t  16.00 

1  days,  helper,  at  |Z.OO IB.OO 


I  1S.00 

— ,-.  —  .-- - (  BT.0O 

Building  chimney. 

1.6  days,  bricklayer,  at  13.60 

1.0  day^  helper,  at  fi.OO 

3.E  days,  total  av.  %i.1(t 

Qummary  J 

Material*.  It 

40,T2B  a  B.  U,  at  tS-EO I  S< 

11  M.   shinsles  at  ll.TE i 

HRlwoTk    ! 

Hardware   

Paint    ; 


E  days,  paint  dep 


»  daya, 'excavation.  ilM.  .'.'.'.'.'.'.V.'.V.        isioo  l!« 

18.6  days,  build  cinder  platfonn.   tZ.OO         ST.DO  3.3 

1.E  days,  build  chimney,  13.70 S.ZE  0.8 

Total     labor %    64t.44  49.e 

Total  materials  and  labor 1.092.19  100.0 

Tools     (excessive) 00.00 

Total    t  l.iez.lO 

FrelBht,  76  tons;  lOS  mi.,  at  He  ton  mL        76.00 

Qnuid    toUI. |1,237.1» 

Cast 

per  sq.  ft.  Per  cent 

Materials    t0.3SE  44.B 

I^bor    8.378  44.0 

Tools* 0.041  6.0 

PreUAt    ■   0.062  t.2 

Cotal      »».8E7  100.0 
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Cott  ot  a  M  X  en  Ft.  Depot. — This  dcixit  ii  of  (h«  aame  geaeni 
(ype  Bi  ttie  others,  but  larser.  havloK  an  am  ot  1.804  aq.  ft. 
It  will  be  noted  that  It  cantHlnH  a  larce  amount  of  ncond- 
hand  car  allla  (IE. ZOO  ft.  R  U.),  uaed  tn  bulldlriK  the  platfaim. 
The  labor  coat  Wkb  fT14,  or  nearly  |li  i>er  1.040  ft  R  U.  llie 
labor  of  painting  tha  depot  naa  very  high.  The  coat  of  tbe  paint 
Taa  not  120,  ret  the  labor  of  palntlOK  waa  nearly  (70. 

Weight.  Lba 

ei.OOO  ft.  B.  U.,  at  3.I0D SOl.DOO 

S«  U.  shlnglea.  at  ISO l.tOO 

Mlllwork   1,000 

Hardware     1.080 

Brick    0,000 

Stone   1 1.600 

Total  weight,   118  tOM 3St.l00 

Lumber. 

8,108  (t,  B.  M..  at  18.60 1  «.»! 

«.912  ft.  B.  M..  at  18,60 68.76 

1.440  tt,  B.  M  ,  8.  I.  B,  18.50 II.M 

8, TOO  (t,  B.  M.,  boarda,  fB.BO II. 4E 

4.300  ft.  B.  M.,  S.  I.  8„  19.00 38.70 

8.189  ft.  B.  M.,  G.  I,  a..  19.00 88.70 

10.900.  tt.  B,  M..  No.  i  floor,  celling  and  siding. 

ii8.Bo    aoi.«» 

408  ft  B.  M.,  No.  2,  S.  4  S„  (80.00 10,IS 

830  tt  B,  K.,  S.  1.  a.  |26,O0 20-90 

70  (t  No,  2,  3.  4  S.,  11.00 S.IT 

16,200  ft.  B.  M..  8  In.  x  It  In.,  a  H.   (for  plat- 
form),    14,00 00.80 

01.003  ft  B.  M.,  total  av.  |«.73 t6tL91 

Shlnflea. 
24  M.  shlnglea,  81.72 1  46.00 

tflltworlt. 

1.640  ft  moulding  at  Ic *  1S.40 

4  doors,  9  wIndowB  and  (raniem 40.44 

Total   mlllwark I  74,00 

Hardware. 

11  rolls  bldg.  paper,  B7c %  0.27 

flOO  lbs.  nails.   lV,c "-JO 

Locka,  knobs,  hlngea,  etc 't.BO 

Total    hardware %  49.77 

Paint. 

13  gala  O,  B,  paint.  SSo I     J-H 

14  gjils.  boiled  oil,  37Hc 6-« 

16  gala.  Inside  paint  BOe _IZ!- 

Total     paint »  >»■« 

Ifosonri;. 

1,000  brlcka,  89.04 *,.!-H 

144  cu.  ft  ondreaaed  atone.  70c lOO.SJ 

m   bblB.  Ilnie,  86c 121 

Total    masonry 811 1^8 


Unloadlns  in&t«rlaL 

(.S  daya,   carpenter,   |S.50 

IT.T  iaya,  section  men,  fl.lS 

14.1  dara,  total  av.  fl.GO 

Tnicklns*  lumber. 

t      dajr,  foreman,  at  tBO.OO  per  mo. 

t     days,   caipenter,   ii.60 

2B.G  days,   helper,   fJ.OO 

aG.S  dOTB,   toUtl  av.   |i.09 

•Note. — Track  waa  a  lonf  dlataoce  from  depot 
Cleartnc  anow  off  timber. 

t  dayit  h«lp«r,  at  (1.00 

ErectInK  depot. 

21  dara,  (oreniBii,  fSO.OO  per  mo 

114  days,  carpenter,  t2-E0 

ii  dayB.  helpsr,  tZ.OO 

15S  days,  total  av.  |2.14 

FalntlnK  depot. 


.t  (4.19 
,  Zgt.00 
.      4g.lW 


SI  days,  helper,   t^.OO.'..!!! 
34  days,   total  av.   t2.0G.... 

Unloading  clDdera. 

10.8  daya,  section  foreman.  I 

T.O  days,  section  laborers,  I 

16,1  daya.  section  laborers,  t 


■2.00 
I  6«.te 


1S.0T 
44.00 
22.40 


7      daya.   foreman,   I80.0O 

17.S  days,    carpenter,    (2.G0 

11.2  day ^    helper,    f2.00 

36. g  daxA  total  ay.  gS.a* 

Building  privy. 
6.4  daya,  carpenter,  |i.GO 1  IS.ES 

Toola    I  61.00 


Perec 


Ifotsrtob. 
41.t«3  ft.  B.  H., 
16  U.  ahlnsles,  t 

Mtllwork   

Hardware 
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24. 2  days,  unload,   tl'&O .-t  St-SO  M 

SE.G    days,    truckins.    |2'0» 74.0S  1,7 

S.O  days,  clear  snow,   12.00 S.OO  0.4 

1&3,D  days,  erect  depoC  12.44 3ST.19  2G.0 

14,0  da.yB,  paint  depot.  t!-OS 69, OS  4,G 

32.9  days,  unload  cl^der(^  Sl.30 42.04  S.S 

35.S  days,  build  platform,  f 2.3« 84.47  (.i 

6.4  days;  build  privy,   »2TS0 IS.BO  O.S 

Total     I    711,54        ie,l 

Total  materlalB  and  labor tl.SlE.OS 

Tools    61.00 

Total    tl,e«8.05 

FrelBht    118  tons 118.00 

Grand    total fl.TK.OE 

Cost 
per  Bq.  f  L  Per  cent 

Haterlals    t0.163         48.E 

Labor      0,397  41,0 

Tools    0.02S  2,9 

Freight      0.DS6  6.9 

Total      J0.961        100.0 

Cost  Of  B7  Frame  Depot*.— The  tollowlng  data  relate  to  a  rather 
cheap  class  ot  railway  stations  built  In  the  Faclflc  Northwest,  by 
company  labor.  Carpenters  rscelved  $S,60  per  10.  hr.  day.  Lum- 
ber was  exceedingly  cheap,  hence  the  cost  of  materials  Is  not  typical. 
I  have  chHrged  the  entire  cost  of  labor  against  the  lumber,  as  that 
enables  us  to  compare  coats  In  terms  ot  the  M.  ft.  B.  M.,  which 
Is  the  best  aingje  unit  for  such  comparlsans. 

The  average  cost  of  Ave.  first  class;  combination,  one-atory 
depots  (24  X  76  fL)  was  as  follows  per  depot: 

Total    PerBq.tL 

Materials   11,160        SO.SO 

Labor    927  0.62 

Total    12.877  |LM 

There  were  69  M.  (rncludlng  platforms)  In  each  depot,  hence  the 

labor  cost  was  (13  per  M. 

The  average  coat   of   three,   third   class,   combination,   one-stoir 

depots  (21  X  55  fL)  was  aa  follows  per  depot: 


Total,    Per  M.  f 

-    ■-■  10.76 


..%    »<4 


Total     tt.690  II.SO 

There  were  39  H.   (Including  plntforms)  In  each  depot,  hence  the 

labor  coat  was  (IS  per  M. 
The    average    cost    of    18    fourth    class,    combination,    onC'Stary 

depots  (IB  X  48  f t, )  was  a*  follows  per  depot : 

».  .  _  ,  Total.    Persq.ft 

Materials     1480         tO^t 

Labor     g20  0.12 

Total  ....tioo      »Tm 
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There  were  20  M.  (Inctudlngr  Dlattorro»)  per  depot,  hence  the 
labor  coBt  was  fie  per  M. 

The  average  cost  of  IE  fourth  class,  combination,  one-story 
depots  <1S  X  6S  fL)  was  as  follows  per  depot: 


Total     |I,2S3  »1.1S 

There  were  28  U.  per  depot,  hence  the  average  labor  coat  was 
120  per  M. 

The  averaKO  cost  of  Ave,  second  clan^  combination,  two-itory 
dv«t8  (24  z  E9  ft)  was  as  loUows  per  depot; 


Total     12,630  fl.SG 

There  were  71  K.  per  depot,  hencs  the  average  labor  cost 


Total    Per  iq.  ft. 

Materials   fl.SVO         tO-S* 

lAbor    1,000  0.77 


^lere  were  51  U.  per  depot,  hence  the  average  labor  cost  whs 
■Marlr  120  per  M. 

The  Cost 'Of  Five  Frame  Section  Houses.*— In  this  Issue  we  glvt 
the  cost  of  Ave  frame  section  houses  These  were  built  In  the 
northwest  and  were  three  room  houses  of  very  cheap  construction, 
the  tn>e  known  In  that  section  as  "Jap  houses."  The  work  was  done 
Iljr  company  forces.  As  Is  customary  for  day  labor  work,  nothing 
has  been  allowed  tor  superintendence  and  general  offlce  expenses, 
a>  would   have  been    Che   case   If   the  houses   had   been   built  by 
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BUI  of  Material  for  ItaU  Btotten  Hohm. 


pcB.     SxE — 16.. 
8  pes.     2xa — 1«. . 


6  PC&     1x4 — 11 

4  pci     Zit2— 12 

1,940  fL  com.  boards,  e 

p<;a.    IjtlO — 10,  Bis.. 

pc«.    2il2 — 11,    Bis., 


%x\xl2.    li    rd.. 
:  pcB.    2x4—14,    s48 


pcB.    1x12—14,    sis 

pel.    IkG— 12,    sis 

00  fL   lifl  D.  and  M..  i 
lx«  D.  and  H,.  ati 


M.    Bhlngles. 

pes.  %xl% — IE  Fover  moulding, 

pea  SxIO  IlnshlnK  tin. 

door  2.10x6.10x114.  4  P.  and  Q. 

door  frame,  as  above, 
_  doors  i.8xe.ixl%,  4  P.  and  O. 
I  windows  10x14—1%,  1!  Ita. 
4  window  tramas. 
ISO  brick. 
10  lbs.  20d  nalla 
100  Iba.  8d  nalla 
I  lbs.  shingle  nalU. 
h  eprlns  bolta 
I  pra  wrought  butt& 
t  doi.  l-ln.  No.  8  acrewa. 
1  sack  lime. 
t  rolls  tarred  pBper. 
■  rim  locks  and  knobs  complet«. 
E  gala  outride  body  paint. 
1  gal.  outside  trimming  paint. 
G  gala  Inside  body  paint 
'   ~1.  Inside  trimming  paint 

:[mated  weight  Is: 


hlngles  at  ISO  II 
are  &□(!  tmJnt.. 


Total   iT.eio 


Lumber. 

2,046  tt.   B.    iL,   17.50 flG.SS 

£.902  n.  B.  H.,  sl>,  18 23.i:i 

S,20T  CI.  B.  H.,  1x6,  D.  and  U.,  tlZ IS.ti 

100  ft.  B.  M.,  ta SO 


5  doors  and  4  windows 26.4fl 

Total   mlllwork %2S.St 

Bardteare, 

2  rolls  tarred  paper.  65  cts. f  I.TO 

136    lbs.    nallH 4.94 

Locks,   hinges,   etc 4,82 

18  pcK  gilO  (lashins  tin 48 

Total    hardware 111.94 

Paint. 

E  gala  o.  a  body  paint  at  75  eta |  3.7B 

1  gal,  o,  a  trlmnilnKS  at  70  cts. 70 

6  gala  1.  a  body  parnt  at  80  cts. 1.00 

U  sal.  )■  8.  trtminlnKB  at  SE  cts. 43 

Total    paiat t   8.88 

8E0  brick  at  I7.B0 »  2.*2 


18.E  days,  total,  at  82.47 845.7S 

BulldlDK  flue, 

1  day,  brldgeman,  at  (2.25 f  Z.2& 

•_  1  day.  helper,  at  81.76 1.75 


Total    . 


PatntlttK. 

4  days,  foreman,  at  82.50 810.00 

Tools    *.60 


',  350  brick.  87.50.. 
Total    materials 
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EnKlneerlnK    t     4.0G  l.S 

l&S  days  building  hOUBS,  12.47 46.76  tO.l 

i  days  bulldlni:  fRie,  tl 4.00  1.8 

4   days  palmlnK.   t2.eO 10.00  4.4 

Total    labor t  6S.S0  18,1 

Total  nuiterlal  and  labor 18S.V0  83.0 

Tools    4.B0  2.0 

Freight,  14  ions  (excewlve  chg.) 31.44  IG.O 

Total   (226.84  100.0 

Per  aq.  (L  Per  cent 

Haterlals     tO.S26  SE.3 

Labor    0.1S7  28.! 

Tools     O.OIB  2.0 

Frel^t     ■    0.08E  14.6 

Total     I0.6S0  1O0.O 

HouBB  No.  !. 

Unloading  msterlaL 

i  days,  carpenter,  at  (2.60 f  6.00 

Building  house. 

1S.6  dars.  can>enter,  at  I2.G0 41.26 

Building  flue. 

LS  days,  mason,  at  |3 S.*0 

Painting. 

1  day,  foreman,  at  82.60 2.60 

a  days,  helper,  at  11.76 6,86 

Total    labor »  T.76 

Tools    3.86 

Summary: 

UateriaU. 

Total  Pet 

7,256   ft.   B.   M.  lumber  at  fO.lO |  66.05  3I.R 

6    M.    shingles   at   81.3S <.7G  8.1 

Mlllwork    2B.9«  IJ.S 

Htirdware     11.94  6.8 

Paint     8.88  4.1 

Masonry,  SGO  brick,  »7.60 2.82  1.2 

Total  materials   8126.10  68.4* 

18.6  days,  building  house,  at  (2.60 t  46.16  tl.7 

1.3  days,  building  flue,  at  (3 I.9D  1.8 

Painting  7.76  3.6 

Total   labor 8  67.80  27.1 

Total  material  and  labor 182.90  SE.t 

Tools     3,66  1.7 

Freight    27.81  12.8 

Total     »ll8.ge  100.0 


er  sg.  ft  Per  cent 
loTjae       68.7 


Materials   

Labor    u.iBu  ai.i 

Tools 0.009  1,8 

Freight    0,071  12.8 

Total     .tO.S5(  100.0 
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BOUBB  No.   I. 

UoloadlnK  materlalB. 

5  days,  carpenter,  at  }3.S0 f  S.OO 

BulMtng  house. 

It  days,  carpenter,  at  fi.GO tlO.00 

Cleaning  uii  old  material. 
1  dar.  carpenter,  at  fS.50 %  S.SO 

Painting. 

1  day  foreman,  at  |S.60 t  S.SO 

4  days,  helper,  at  |I.TG 7. DO 

Total    labor t  BSD 

Tools     i.lS 

Summary: 

Xaterialt. 

T.SGS  ft  B.  U.  lumber,  at  fS.lO %  SG.OE  SS.l 

Total,  Pet 

6  U.    Bhinglea  at   tl.Sfi S.7E  S.B 

MlUwork     ZS.Sf!  14,4 

Hardware    11.94  0.0 

Paint    8.80  4.4 

Uaaonry,   360   brlcke,  at  tl.GO 2.62  1.3 

Total    materlalB    tl25.10  6S.T 

19  days  buHdlng  houae.  at  tS.GO t  47.60         £3.7 

Painting   9.R0  4.7 

Total  labor    %  57.00  28.4 

Per  cent. 

Total  materlalB  and  labor flSS.lO         91.1 

Tools     4.18  2.0 

Freight     13.79  8.9 

Total     (200.0T  100.0 

Per  eq.  ft.  Per  cent 

Materials     »0,S2«  62.7 

Labor    0.148  28.4 

Tools     O.OIO  I.» 

Freight     0.0S6  7.0 

I0.S30       100.0 

HonsB  No.  4. 

Building  house; 
ie.6  days,  carpenter,  at  )2.G0 (41.60 

Building  flue; 
1  day.  carpenter,  at   $3.60 IB.BO 

1  day.  helper,  at  %l.1h 1. 75 

(4.36 
Polntinir. 
3  days,  forttnan,  at  (2.60 (  T.60 

2  day^  helper,  at  (1.76 l.GO 


Tools 


il  labor (ll.Oi 

*   !.(: 
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Material:  Total.     Per  cenL 

T.EfG  (t.  B,  H.  lumber,  tA  19.10 }  GS.9G  M.t 

6  H  ahlnslea.  at  f  1.3E 8.TS  t.3 

Mlllwork     iS.9fl  14.T 

Hardware    11.114  C.I 

Point     8.8*  1.E 

Hoaonry.  lEO  brick,  f-iO 2.S1  1.) 

Total   materlalB   flSCK  <S.e 

IS.fl  dayi  buildlnc  hoiue.  at  tZGO t  41.50  II. 1 

BulldliiK    flue     4.ZG  1.1 

Palntlns  1100  i.t 

Total   labor    f  6S.7B  IS.! 

Total  materials  and  labor tlSl.SG  >1.4 

ToolB    3.8i  1.0 

Frelcht     IO.«T  $.4 

Total    tI9t.»  lOS.O 

Per  aq.  ft.    Per  cent 

Material   (O.SSO  «t.4 

lAbor    0.160  ».t 

Tools     0.010  I.t 

Frel^t    0.018  G.4 

|0.Gt4  I00.( 
HouHB  No.  6. 

Unload ItiK  materials: 
1  day,  carpenter,  at  t^.SD t  tt* 

Building  house: 

20  days,  csr[>entsr,  at  |!.G0 GO.IMl 

Buildlne  llu« : 

S  days,   carpeoter,   at   I2.E0 T.CO 

PalnUng: 

G  daya    foreman,  at  t2.G0 ll.Gt 

1  day,   helper,  at  |1.7K 1.76 

Total  labor   IH.IB 

TooU   I  4.44 

SUMtlAaT. 

MaterUiU.  TotoL     Far  cent. 

l.iSi  rt.   B.  IS.  lumber,  at  (9.10 1   U.9E  St.t 

5  M  shlnKlea,  at  |1.3S S-TE  I.l 

Iflllworlt     2S.0e  H.O 

HardwarB    11. M  6.8 

Paint    g.g«  4.1 

Hasonry.  3E0  bricks   17.61) 1.03  1.1 

Total   niaterlBle    8116.10  80.8 
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11  d^H  buUdlag  bOUM  Bt  tl-KO I  G:.G0         ISA 

Bulldlns  flua T.EO  3.( 

PalDtlns   U.2i  TO 

Total   labor t  1*-ii        SG.O 

perr'ent. 

Total   materlaln  and   labor flM.SG  9(.8 

Tcxils 4.44  8.0 

PrelKht   _      2, El  1.2 

Total      .■...■...'. |2D«.S0  100.0 

Per  BQ.  ft.  Par  cent. 

Uateriala   (0326  CO.! 

lAbor   0.19S  *!.0 

Toola     0.012  2.1 

FrelsHt 0.007  1.8 

tO.SSS        100.0 
It  must  be  borne  In  mind  that  the  cost  of  lumber  Ib  extremely 
law.  even  tar  the  aecllon  Id  whlcb  thl>  particular  bulldlQK  work  was 

Per  m.  ft.  Per  cent 

Halerials    10.121  BO 

tdbor    O.ISO  SO 

Tools    0.010  S 

Freight  0,046  B 

10.641  100 

Binc«  tha  weight  of  the  buUdlnge  Is  glTan  Id  all  caaea,  It  ta  eaay 
to  calculate  the  freight  for  any  given  bauL 

The  average  coat  ol  the  labor  on  these  section  houaea  vaa  fSZ  per 
■ectlon  house.  There  were  T,£&0  ft  B.  11.  In  each  section  house, 
and.  If  we  cliarge  the  lull  coat  of  the  labor  (Ids)  against  this 
amount  of  lumber,  we  have  a  trifle  less  than  t3  per  1. 000  ft.  B.  M. 

Cost  of  ■  Blacksmith  Shop,  Birn  ind  Telegraph  Office.*— We 
give  In  this  Issue  the  detailed  coat  of  erecting  a  blacksmith  sjiop.  a 
UleKraph  oftlte  and  a  bam  for  railroad  purposes  In  the  Northwest 
The  work  was  done  bj'  day  labor.  It  will  be  noticed  tbat  the  price 
of  lumber  Is  ,very  low : 

BiuiCKStdTH  Shop. 
Blacksmith  shop,  20  x  SO  ft. ;  area  000  aq.  ft. 

Waiehl;  Pounds. 

2,120  ft.  B.  M..  at  3,300  lbs. S  IBS 

4%  M  shingles,  at  150 BT6 

nSrdware _1B 

Total,  4  tons 7,T0« 

Lataber: 

110  ft  B,  M..  at  18.00 t  t.BB 

1,800  ft  B.  If.  second  hand,  at  14 T.SO 

2,120  ft  B.  H.  total,  at  M.BO   (av.) t  O.TB 

m  it  ■hlnglea,  at  fl.ee T.41 
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20  IbK  Sd.  uallB,  at  18.10 t    0.« 

E  IM.  ZOd.  nails,  at  11.00 10 

10  IbK  8d  nail*  at  |t.1G -tS 

Total  hardware I  O.TT 

t  4.W 

e  M.10 2l.tt 

Total  labor   110.<1 

Sdmiuit. 
jrafsHala;  Totals         Percoit 

2.1S0  (t.  B.  M.,  at|4.80 t  9.76  11.4 

4H  M  ■hlnslea.  at  11.06 T.43  16.7 

Hardware     77  l.» 


Total      10.074  100.0 

The  low  cost  of  materlala  for  this  butldtng  la  explained  bj  the 
fact  that  ■lx-Be\'enthe  of  It  was  second-hand  material.  Tbe  balld- 
Ihk  >iad  no  floor,  and  no  studs  were  used  In  the  ildea.  nte  coR  par 
II  ft.  B.  H.  for  the  labor  on  the  lumber  was  f  11.S6. 

Hay  bam,   ZOxIE  ft.;    are*.  TOO  «l   ft 

Wtight;  Pounds 

«,794  ft.  B.  U.,  3,100  IbB. IMtO   ' 


1,«IS  ft.  B.  H.. 

406  ft.  B.  !£., 
S,000  ft  B.  "" 

100  ft  a 


at  »7.60 |lt.tB 

at  18.00 lUO 

at  tlZ-OO E.» 

at  18.00 16.00 

at  tlT.OO 1.70 


>.  at  10.75 1.(0 


Hariteare: 
too  itM.  tOcL  neiiB.  at  f  t.GG T.IO 

too  llw.  lOd.  nallB,  at  IS.GG 7.10 

20  Iba.     Id.  naUa.  at  fJ.SG TS 

S  Itw.     Sd.  nailB .IS 

S  IbB.      3d    noil* 13 

I  pair  lO-ln.  atrup  hinxea S3 

Se  IH-ln.   acrewa 07 

1  8-ln.  hasp    07 

1  8-ln.  bar  loclCB S4 

No.  10  screws 01 

Total  hardware  118.07 

Faint: 

S  galB.  outBlda  body  paint,  at  fO.TG %  S.7G 

I^  gala  all.  at  |0.6B 1.4G 

Total   point    %  G.IO 

EnglneerlnK    I    .SO 

BulldlOK  bay  bara : 

Foreman,  t  days,  at  %ie  p«r  month 10.*6 

Carpenter,  20  dayi,  at  fi.EO EO.OO 

Carpenter,  6  days,  at  tZ.iG IS.GO 

Helpora,   S  daya,  at  11.76 7.00 

Total    (S1.46 

Hovlns  material   front   bam,   helper,   1   day.   at 

I1.7S t  1.76 

Cuttlns  door  In  back  and  placlnr  It,  carpenter, 

I  day.  at  |8.60 2.60 

Palntlnr  bam : 

Carpenter.    1   d&y,   at  12,60 2.60 

Brldgemaji,  2  daya,  M  l).2E «.60 

Total    I  7.00 

Total  labor   |93.60 

Toola    I  4.98 

Jfaterlat*:                                               TotaU.  Per  cwit. 

6.7*4  ft  B.  IL.  at  tO> t  66.34  lO.O 

?  H  BbtnKles,  at  II.SG 9.1G  6.1 

mtlwork    1.60  0.S 

Hardware    1G.07  S.t 

Paint     6.20  2.7 

Total  matarlala   |  88.11  47.1 

KnelneerliiK f  .80  O.B 

Blading   81.45  4S.t 

IfOTlng    lumber,    etc 1.7G  0.) 

Cutting  door  In   back i.60  l.t 

Painting  7.00  S.7 

Total  labor   t  »sT60  60.0 

Total  materlala  and  labor tlSl-tO  B7.1 

Tools     4.98  2.B 

Grand  total   tt8«.I4  lOO.OD 
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Cost  aq.  ft.  Per  cent 

HaterlalB    fO.lZt  4T.t 

I^bor    0.I1S  60.0 

Toola    0-007  1.8 

Total    tO.Zf*  100.1 

TTbe  cost  of  labor  par  H  ft.  B.  IC.  of  lumber  uaed 
was  tl3.T«. 

TiunaAPH  OmcK. 
Telegraph  office,   tl  X   12  ft :  areiu  14i     eq.  tL 
Weight:  Pounda. 

S,!J2  (t.  B.  M.,  at  J,300  ibe. 7,fl»S 

1  H  shlriKles.  at  IGO  Iba SOD 

Hardware,    etc 160 

Total,  i  toni 8,116 

Lumfter; 

1B5  ft  B.  M.,  at  I12.00 |  t.it 

230  ft.  B.  M.,  at  (IS. 00 S.Ai 

340  ft.  B.  M.,  at  (1«.G0 t.Sl 

431  ft.  a  M.,  al  116.00 •.4T 

S43  ft  B.  M.,  at  lia.OO 1.91 

73  ft.  B.  M.,  at  326.00 J.OJ 

loo  ft.  B.  M..  at  120.00 4.00 

630  ft  B.  IL,  al  130.00 18.90 

2,332  ft  B.  M.  total,  at  819.66   (ar.> 146.6* 

3  M  BhlnEJes.   at  (3.60 t  T.0» 

MillwoTk: 
3  window  saahes   )  ).Sg 

Hardware: 

75  IbK  tar  paper t  J.tj 

]  pair  strap  hlnses 10 

BcrewB     04 

1  rim  hook to 

t  IbB.  «±  nalla It 

G  Iba.   8d.  nalli   (OniahlnK) (l 

10  Iba.  4d.  nana SO 

■0  Iba.   lOd.  nails 84 

Total  hardware t  S.at 

Foreman,  3  daya  at  |30  per  month (  ?.74 

Carpenter.  11  days,  at  (i.60 37.60 

Total  labor tt6.14 

SUMHABT, 

VoteWali:                                               ToUla.  Per  cent 

2,332  ft  B.  IL,  at  tl>.G5 845.69  48.0 

£  U  sblnKleB.  at  tS-60 7.00  T.S 

Hlllwork    3.28  3.S 

Hardware    l.»  8.9 

Total  materiala    IS9.S6  "ill 

Labor    36.34  87.8 

Orand  total   894.80  100.0 

-    .                                           '.  Cost  aq.  ft.  Pisr  c^it 

Ibterlals   |0.4  II  «J,7 

I^tHW    0.24G  37-3 

tO.<6S  110.0 
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The  coat  per  H  ft.  B.  H.  of  lumber  used  (or  labor  on  the  offlce 
was  llB.ll.  Thli  building  had  a  floor  in  It  and  a  celling,  hence  tBe 
coat  per  eq.  ft.  of  area,  and  the  cost  per  M  (t.  of  lumber  ueed 
would  natumlly  be  higher  than  In  the  other  two  buUdlnga 

CMt  of  Forty  Hand-Car  Houm*.*— In  this  article  we  give  tha 
cost  In  detail  of  erecting  40  frame  hand-car  houaee  on  a  division  of 
Oi  Western  railroad.  The  price  of  lumber  Is  given  and  other  ma- 
terials, as  well  as  the  labor  costs.  The  work  was  done  by  "com- 
pany men." 

Forty  hand-car  houses  built  on  one  dlvtalon ;  else.  8 1 12  ft. ; 
arsa.  >«  sq.  ft. 

Wslgit:  Pounds. 

4S.0SE  (t  B.  U.,  at  3.300  Iba lES.figl 

GO  M  shinglea.  at  ISO 7.500 

Hardware   and    paint i.400 

Total,    81    tons U9,i»l 

S.20T  tt.   B.   U.,  at  tll-E>D 1106.88 

•,400   ft.    R   U..  at  tll.EO TS.EO 

1.200  ft  B.  M.  B.  1  a,  at  113.75 16.50 

4,053  tl.  a  M.  8.  1  a,  at  128.75 110.52 

8,407  fL   B.    M.,   at  819.00 S4,7J 

1,760   fu   a   M.,  at   119. OO 33.44 

2,883  fL  B.  Id.  celling,  at  t32.G0 T5.S2 

2,725  ft.  B.  U.  a.  1  S.,  at  814.00 38.15 

2,270  fL  B.  U.  S.   1  B.,  at  823.75 «e.2l 

8.G00  ft  B.  M.  S.  1  B.,  at  828.76 244.83 

6,200   fL   B.   IL,  at  118.00 80.60 


Bardvare; 


SO  paira 

80  E-Ln. 


n.  hinges,  11.21  per  doi.. 
., J   and   staples 

140  dot  l\-iii.  scfi '  *" 

27  doi.  %-ln.  Bcrs' 
200  lbs.   3d  nails,  at  fi.tta... 
100  Iba   Sd  nails,  at   12.25... 
800  Iba  IBd  nails,  at  $2.00... 

40  8-ln.   hinge  haqis 

40  padlocha    

3Ga  Iba  lOd  nails,  at  82.00.. 
800  Iba   lOd  nails,  at  82.05.. 

Total  hardware  

100  gala    railroad  paint,  at   I 
Labcr: 

Superintendent     f  23.73 

Foreman,    2i    days,   at   81.00 87.00 

Carpenters,   121.5  days,  at  |2.G0 803. TS 


.  .8  G5. 

..*  76. 


Bnglntering'C'MlraeHntl,  Nov.  20,  190T. 


HANDBOOK   OF  COST  DATA. 
e  hand-car  houM,  wetchlng  I.l  toaa,  we  bIts  tb«  ttUonins 

Material*:  TotaL  FerccDt. 

l.ZOl  tt.  B.  M.,  at  tlS-OS tti-Sl  60.0 

lU    M  ahUiKlee,   at   |1.2e l.&<  1.1 

Hardware    1.39  S.T 

Faint     1.87  4.1 

Total  materlala  |3T.eii  7i7 

Labor    )10.IS  2T.1 

Total  inaterlal*  and  labor (IS.OE  99.8 

ToolB     I  0.09  0.1 

Grand  total   tSS.K  lOO.D 

Cost  per  aq.  tt  Far  ooit 

Haterlala    fO.iSS  71.T 

l^bor    O.IOS  37.1 

Tool* 0.001  0.1 

Total     lO.Stl  l«0,« 

The  cott  per  H  ft.  B.  M.  for  the  entire  labor  on  tfaeae  baUdlnsa 
waa  IS.62,  which  wb»  quite  low. 

Coat  of  8lx  Tool  Houiec*— In  tbls  article  we  glv«  the  ooat  b) 
detail  of  building  bIx  frame  tool  hounea  tor  use  on  ratlroada.  Hu 
labor  waa  pertormed  by  company  forcea  The  coats  are  aummarUed 
■o  aa  to  allow  of  comparison  wltb  other  cheap  atructurea;  like  thoae 
that  have  appeared  In  our  prevloua  lamiea  in  thla  aerlaa  ot  artlclea, 
UBta  of  materiali  and  price*  are  Slvea  aa  well  aa  wagea.  The  ooK 
Of  lumber  was  very  low. 

Tool  houae,  B  z  11  ft. ;  area,  SI  aq.  ft 
WfllpAI;  PouDda. 

LOOO  ft.   B.   M.,  at   3,300  Iba. l.SOt 

lU  H  ahliiKtea.  at  ISO 188 

Hardware    BO 

Total,  IK   tana S.GIS 

Lumber; 

113  ft.  B.  H..  at  19 t  1.11 

030  fL   B.   U.,  at  ill C.91 

48  fL  B.  M.  AoorlnK,  at  fSO 91 

Ifioi  n.  B.  H.  total,  at  tlO.SO  <av.) f  10.80 

114   M  Hhlnglea,  at  |1.80 1  MS 


Bolta    f    ,81 

>  Iba.   Sd  oail^   13.76 01 

10  Iba   8d  nails.   tl.lG 14 

E  Iba.  lOd  nalla.  *£■" 11 

saL^palnt^  ■;; '.i; ■  •;■  ■.' 'B 


1  pr.  S-ln.  tie  hlngea,  1  ct. 

1  S-ln.  hinge  hasp,   E  ct 

U  BToaa  i-in.  No.  10  «crew«,  H  ct.. 
1  Yale    padlock    7 

Total  

*B»gktfrttlff-OontraetiHg,  Oct.  10,  1907. 


Labor; 

Enclneeiing    t  l.SG 

BuUdlns  house.  4.S  days,  carpenter,  |2.G0 11.16 

.    Total    112.90 

Thli  IncludM  palntlnar. 
TooU   I     Ai 

SvuMAsr. 

Uateriala:                                              Totals.  Percent. 

1,001  ft  B.  K..  at  f lO.SO (10.80  38.0 

StilnKlea    2.ZG  T.4 

Hardware     2.tg  «.5 

Total  materials 1 15.63  63.9 

Bnglneerlng     f  1.66  6.7 

Carpenter     ll.iE  tS.9 

Total  labor    f  11.90  44.0 

Total    materials   and   labor (28.41  98.6 

Tools    48  1.6 

Frel^t    00  0.0 

Orand  total f28.91  100.0 

Cost  per  sq.  ft.  Per  cent 

Uaterlals   t  -1*1  63.9 

Labor    1S4  44.0 

Tools    006  1.5 

Total    I  .800  100.0 

It  will  be  noted  that  the  carpenter  labor,  as  above  elven,   i 
fll.26  per  1,000  ft  B.  U.  In  the  tool  house. 

EXAHPIM  11. 
Tool  bouse,   12x14   tt..  and  oil  house,   10x32;    area, 
1(8  so.  ft  and  321)  an.  ft     Total  area.  488  sq.  tt 
Waight:  Pounds. 

Lumber  and  mtllwork 13.T00 

SU  H  ihlnsles,  at  ISO 825 

Hardware  and  paint JOO 

Total,   7  %   tons 14.T3S 

Z>)imb«f.- 

41(  ft  a  If.,  at  19    (  3.74 

700  n.  B.  M.,  at  (12    8.40 

1,3«0  ft  a  U..    at  (8.60    11.51 

1,100  (t  B.  H.,  at   (12    13.20 

460  ft  S.  M.,  at  |9    4.0E 

4,02(  total,  at  (10.17   (av.) (40^ 

mnviork: 

Battens    (  1.92 

1  door  frttme  and  door 3. OS 

1  window  frames  and  SMb G.90 

Total    (10.77 

eU  U  AlDflM,  at  (1.4E j  7.(8 
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100  llw.  8d  nalla (  S.8I 

10  lb>.  lOd  nallB,  at  tS.4C 4* 

I  hlDEea  and  hupa 10 

1  pair    butts     D4 

SO  Iba.  Cd  naU&  at  fttt SS 

1  calv.  Iron  cnlmikey 1.04 

Paint: 
t  gnlB-  outside  body  pdnt,  7G  ct*. t  4.6* 


$ 


1  gal.  ouCilde  trim  paint.. 
'   sal.   turpentlnft    . . 
gaL  Japan  drrer. . 


4.02S  tt  a  U.,  at  110.17. t  40.SE 


Building  tool  and  oil  houM: 

CanwnterE.   SO  days,  at  fS.EO tSO.M 

Putting:  up  ahelvlne: 

Carpenter,  4  days,  at  I2.B0 10.00 

Painting,  helper,  1  day,  at  $1.T6 L7t 

Total   labor    I«1.T6 

Toola    %  t.U 

SUMHABT. 

Totals.         Per  cent  | 

iilllwark*^.  ~"..T.  .V."t '.'.'.'.'.'.'.'.'.'.'.'.'.  10!t7  8!o                         I 

Sbtnctea    798  S.» 

Itorfwore     4.81  I.B 

Paint    8.e»  4.1 

Total  material    I  7fl.l8  Gt-0 

Building     I  00.00  44.T 

Painting    1.76  l.S 

Total   labor    I  M.TS  46.0 

Total  material  and  labor   I1S1.88  (8.0 

Tools    2.34  1.0 

Freight    .00  0,0 

Qrand    total    (134.22  iOO.O 

Coat  per  sq.  (t.  Per  cent 

Materials    (0.144  Sl.O 

Labor      0.120  4(.0 

Tools     O.OOS  (^                       ] 

Tola!    (0l76  100.0  j 

It  will  be  noted  that  the  labor  co«l  about  (16  per  M.  | 

It  Is  noteworthy  in  this  Instance  to  record  that  the  foreman  car- 
penter  on  this  job  was  discharged  lor  InefSclency,  owing  to  the  blKh  I 

cost  of  building  these  two  sheds.     One  of  these  bulldlngi  bad  win- 
dows In  It  and  shelving,  which   should  have  made  tlie  labor  costs  j 
higher  than  in  Example  I,  where  neither  windows  nor  dielves  wer«  I 
used.     A  comparison  shows  that  the  cost  per  square  foot  of  area  In  I 
Example  II  was  lower  than  In  all  the  cases  given  except  Example 
V.    The  cost  was  2 14  cts.  lower  Uum  Bxample  I,  1  ot  of  which  waa 
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In  the  reduced  coat  of  labor.    This  mokea  evident  the  fact  that  coat 

data  and  their  analysia  form  the  onlr  true  war  of  telllnK  of  the 

.    efOclenc?  Ot  workmen  and  methoda,  provided  the  recorda  are  kept 

honestly  and  InCelLlgently. 

BXAICFM  m. 

Tool  taouae,  S  x  IS  IL  ;  ar«a,  it  sq.  ft 
WMgkt:  Pounds. 

1,110  ft.  B.  M.  lumber,  at  S.SOD 3,181 

1  1/S  U  BhlnBtes.  at  ISO 180 

Hardware  and  paint EO 

Total,  1  tons : 3,89S 

Lumber; 

TES  a.  B.  M.,  at  110.60 %  I.SG 

352  ft.  a  H.,  at  tT.50 i.tl 

1,110  It.  a  M.  total,  at  I9.G4  (av.) tl0.5» 

1,200  atalnKlea,    at    |I.»0 |   i.iS 

Hardieare : 

3-ln.  bolt* I  l.eO 

E  lbs.  2Dd  nallB.  at  t: 10 

G  Iba  id  nails,  at  tSlO 11 

10  IbsL  lOd  nails,  at  tt-06 iO 


3  Esla  outside  \ady  paint,  at  <D  eta I  l.iO 

IxiBdlnc  material  for  tool  house: 

Canranter,  1  day,  at  »2.fiO »  3.60 

BrecthiiT  tool  house: 

Carpenter,  t  days;  at  t!-60 S.OO 

Helper,  S  d^i.  at  |2 12.00 

Total I19.00 

This  Includes  painting. 

ToqlB    t  1.B? 

Sdmhast. 
MatwiaU:  Totala         Per  cent 

1,110  ft.  B.  H.,  at  IS.El f  10.69  28.8 

l.ZOO  shingles,  at  11.00 2.28  e.3 

Ardwara    2.01  6.B 

Paint    1.20  B.S 

Total  material  fi«.»S  41.3 

Labor    iis.OO  B1.9 

Total  snterlals  and  labor (36.08  9G.T 


Onutd  total   t3S.6S  100.0 

Cost  per  sq.  ft  Per  cent 

Uaterlals  »0.167  43.8 

Labor o.i»8  6i.» 

Tools    O.OIB  4.J 

Total      10.381  100.0 
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It  wlU  ba  noted  that  the  labor  cost  ncarlr  IIT.ED  per  K,  which  !■ 

ErxAMPLi  IV. 

Tool  botiae,  S  x  11  ft. ;  area,  9t  aq.  ft. 

W»^el^t:  Pounds, 

1,147  n.  B.  IL,  at  a.tSO  Iba. 4,Ilt 

13&  H  ahlnslels  at  ItO 1ST 

HBTdwara  and  paint tS 

Total,   t   ton* 4,MT 

ETT  tt.   B.   If.,   at   *T t  4.04 

ISO  It.  B.  M.,  at  IT LSI 

4>D  ft.  B.  IL,  at  M.  ■  ■ >.«t 


1.S47  ft  B.  H.  total  at  17.4*  (av.) t  S.l] 

IM    U  ahlnslMl  at  tl.fiO *  Ln 


'S 


10  Iba  20d  nalla,  at  fl.4« f    .» 

10  Iba  8d  nalla,  at  fi.Gt Gl 

E  lb*.  Sd  nallK  at  fS.tl IS 

1  pra  hinsee     II 

1  ham   Ot 

1  padloidc     II 

Total    t  Lit 

Paita: 

Kala.  outalde  bodr  paint,  at  TG  ct*. f  Mi 

■aL  boUed  oil,  at  70  eta. It 

Totftl    t  I.7I 

Carpenter,  t  daya,  at  12.50 f  7.G0 

Carpenter,  1  day,  at  iz.2B l.t( 

Helper,  1  day.  M  I1.7B 1,7S 

Falntlns,  htfper,  1  day,  at  fl.TG 1.76 

Total    (1I.IB 

Toola    96 

SUMMABT. 

Jf afsriala.'  Totala        Per  c«nL 

1,S47  ft  B.  IC  at  tT.40 1  Lit  1«.4 

134  H  ahlnglaa.  at  f  l.GO t.S7  1.1 

Hardware    1.14  4.1 

paint    a.J»  HI 

Total  naterlala  tl<.OS  tX» 

BulIdlnE    IlLfiO  U.0 

Falntlns    l.TI  M 


Total  labor  til.18  *$.1 

..|m.m  M« 


Total  material  and  labor. . 


FielKht" 


Orand  total  |B0.1«        KO.OO 
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Coat  per  ail  ft  F«rcenL 

»0.1«  e2.» 

Labor    O.ISS  4S.T 

.   Tool!     0.001  1.4 

Total    |0.<e6  100.O 

It  wUi  be  noted  that  the  labor  eo«  flO.GO  p«r  M. 


Double  tool  bOQMt  11 X  SO  ft ;  area,  tCO  ag,  ft 
W tight:  Pound*. 

iAw  a  a  iL,  at  rsso  ib&. ii,s» 


it  lUnglea,  a 


Total,  *  toDt ll.HI 

iMMber: 

1,019  ft  B.  IL,  at  tS    t  g.15 

TOS  a  B.  M.,  S.  1  a,  at  18.10 fl.OS 

e7B  ft  B.  M.    at  IB    :..... 7.0S 

zas  ft.  fi:  IL,  at  fS.GO Z.46 

tai  ft.  a  H.,  at  ts  i.8« 

S18  ft,  a  M.,  at  M    1.27 

>,444  It  B.  M.   total,  at  J7.77    (av.) 116.78 

m  M  ihln^ea,  at  tt.40 {  4.*0 

Bariymn : 
10  Iba.  4d  nalla,  at  tt.gO f    .Tt 

B  Iba  lOd  nalla,  at  IS.EO. 

8  Iba  Sd  natla,  at  %i.il>.. 


lOd  nalla,  at  tJ.EB.. 
"- -•   11.60.. 


«  Iba.  iOd  nails,  at 
4  pain  hingN 


1  inln 

S  'Kle  

Total   I  S.81 

Labor: 

Carpenter.  1>.1  dayit  at  IS.EO ItO.lE 

Tools    S.81 

Fnl^t   70 


Jfoiertolt:  Totals.  Peroant 

1,444  ft  a  IL.  at  fT.7T tl«.7g  ».0 

asSS,"»..*^.':'..'':!?:::::::::::::JI!  J1 

Total  materlala  tSE.GO  61.T 

tAbor   |se.lS  4S.S 

_     Total  materiala  and  labor t6G.7B  SG.S 

Totda   8.81  8.8 

BVelgbt 71  1.1 

Orand  total 108.78  lOO.O 
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Coat  per  oq.  ft.    Per  cent 
llatarlBia  tooss  GiT 

lAbOr    0.08<  41.B 

Tool* 0.O0T  3.1 

FreltfU  0-OOi  1.! 

Total    |0.1>1  100.0 

It  wtU  be  noted  that  the  labor  con  tB.<0  par  U. 

BzAMPU  VI. 

Toolbouae,  Sslt  ft.:  mm,  »*  ft. 

WtigM:  Pounda 

1,S47  (t.  B.  U.,  at  MOO  IbB. *.1I( 

lU  M  shlDKlea.  at  lEO 117 

Hardware    lO 

Total,  i  tona 4,361 


180  tt.  B.  U..  at  ST.. 
-   It.  at  IS... 


490  tt.  B.  K 


1,247  ft  B.  M.  total  at  17.88  (av.> f  O.tt 

1^  M  BhingleK  at  |1.G0 t  1-87 

Hardaare; 

Bolta    t    .41 

10  lbs.  iOd  natis.  at  IZ.4S is 

SO  IbB.  8d  nails,  at  le.SO 61 

S  Iba  3d  nails,  at  |2.9i 16 

8  paira  binges IS 

1  hani     HE 

1  padlock    16 

Total    I  I.flS 

PolKl: 

2U  gala  outside  body  paint,  at  TE  cts. t  l.gg 

H  BBi  oil,  at  70  ot* IE 

Carpenter,  B.S  dafs,  at  I2.E0 ttE.7E 

Carpenter.  1  day.  at  II.IE i.iE 

HMper,    2.6   days,   at   I1.7B 4.S7 

Total    $22.17 

Tools     91 

SCMIUXI. 

MattrlaU:                                             Totala  Per  cent. 

1,247  ft.  B.  IL.  at  fT.SS t  >-2t  84.0 

lU  H  sblnglea,  at  tl.EO 1.8T  4.8 

Hardware    ].«8  4.8 

paint     3.21  G.9 

Total  materiala  tii.Bi  39.1 

Labor    22.37  Eg.4 

^^^Total  materials  and  tabor tlT.lE  97.1 

Freight* ".'.'.'.'.'/.'.'.'.'.'.'.','.'. '.'.'.'.'.'.'. ..'.'.',       ^00  o!o 

Orand  total liiCi?         loo.o 
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Cost  p«r  aq.  tt  Per  cent 

Hatertala  fO.iss  ai.i 

l^bor    O.SSS  5S.1 

Tools    0.001  i.E 

Total    |0.t»0  100.0 

It  will  be  noted  that  the  labor  coat  tl8  per  M,  which  la  excevlve. 

A  number  of  th«e  tool  hausea  were  8  x  12,  Klvlns  »t  aq.  ft.  of 
area  In  the  bulldlos  and  needing  for  th^r  constructloD  a  little  more 
tliaa  a  thoutand  feet  ot  lumber.  Their  cost  ran  from  |lg  to  138 
.  A  comparlBon  of  theae  bulldlnK*  with  the  coat  of  building  a  IsTKe 
number  of  ahacka  for  campa  in  building  rallroada  in  tbe  South  will 
be  of  Interest  Theae  canipa  were  built  by  one  of  the  editora  of  thia 
Journal 

They  were  about  10  x  10,  and  had  a  alantlng  roof.  A  door  mode 
from  boards  was  used  In  It,  and  a.  alldlng  board  window  waa  put 
In  one  aide.  A  bunk  waa  also  built  In  It,  bat  there  was  no  floor.  A 
tbouaand  feet  of  lumber  waa  ueed  In  bulIdliHC  tbe  aback.  The  roof 
waa  covered  with  tar  paper,  and  atrap  binges,  heap  and  padlock 
were  used  on  the  door.  The  lumber  on  a  large  number  built  In  Ten- 
neasee  coat  (10  per  M;  the  tar  paper,  nails  and  hardware  cost  tl, 
making  a  cost  ot  materials  of  tlZ.  Carpentera  were  paid  tS.EO  per 
day.  and  S  carpenters  completed  a  building  In  a,  day,  making  a  coat 
of  about  110  for  labor,  or  a  total  coat  of  %22  per  ahack. 

A  comparlaon  with  the  tool  houaea  ehowa  that  If  paInt  and 
shinglea  had  been  used  theae  shacka  would  have  coat  a.  ten  dollar* 
more  for  meterlala  and  slightly  raised  the  coat  of  labor;  but  wagea 
paid  by  the  contractor  on  the  ahacka  were  (1  per  day  higher,  which 
about  oflsets  the  Increased  cost  of  materlala 

We  have  pointed  out  before  that  a  contractor  who  paya  IS. 60  a 
day  for  carpenters  will  usually  get  more  work  for  the  money  than 
yrm  a  railroad  company  that  paya  (2.60  to  Ita  carpenters  A  com- 
parison of  the  cost  of  latKir  per  square  foot  as  Hated  above  with 
le  cts.  per  square  foot  as  paid  tor  these  ahacka  shows  plainly  that 
this  Is  true. 

Capacity  and  Coat  of  Ics  Houses, — The  nominal  capacltf  Ot  an 
Ice  house  Is  generally  stated  In  tons  of  Ice.  and  Is  generally  taken  to 
mean  the  capacity  up  to  tbe  eavsa.  By  atacking  the  Ice  up  higher 
imder  the  roof,  working  from  doors  In  the  root  or  gable  ends,  the 
capacity  can  be  Increased  10%  or  more.  About  34  cu,  ft  of  Ice 
make  a  ton  of  1,000  Iba,  the  lea  welaAilng  6S.T  Iba  per  cu.  ft  It 
Is  not  unusual  to  assume  a  weight  of  80  lbs.  per  cu.  ft.  for  con- 
venience of  calculation.  Allowing  for  voids  between  the  cakes  of  Ice 
it  Is  customary  to  allow  3S  cu.  ft  per  ton.  but  this  la  usually  too 
low.  a  fair  average  being  nearer  40  cu.  ft  per  ton  of  3,000  lbs.  In  a 
large.  w^I-bullt  Ice  houae,  only  10%  ot  the  Ice  la  loat  annually  by 
melting  and  evaporation,  but  in  smaller  houses  tbe  loss  Is  Utrger. 
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The  foUowlnB  are  dlmeniloiu  uiS  nominal  caiiacftles  ol  WDM 
■tancbrd  Ice  houKB  on  the  L^hlKtk  YfOley  R.  R. : 

Sls&                                       Capadty  Capacity 

cu.  ft.  tooa 

isx   SI  fL  X 12  ft.  beicht  of  tiMM 9,m  ISO 

IZ  X    SB  ft.  X  2S  ft.  height  et  frame. . . .  l.tOO 

SOx  120ft  ><i4tt  helKht  of  frame. .. .81,400  1,000 

If  frame  ice  liouaea  cost  6  eta.  par  ca  ft  to  build,  ths  «4iilTaI«Bt 
coat  la  (2.00  per  too  of  Ice  capacity. 

Coat  of  Six  lea  Houmi.* — The  wotk  wai  done  by  railway  com- 
pany forcea  It  will  be  noted  tliat  the  price  of  lumbar  was  Tevr 
low. 

BXUCPUI    I. 

Ice  House  10  X  4S  ft.    ' 
Welfbt  Ponnda. 

lt,Ol)D  ft.  B.    H.  at  S.SOO  Iba  eonala 8E,80D 

ITU  U.  ahlnglea  at  ISO  Iba. t.SOD 

Hardware,  eco.   Z.aoo 

Total,  IE  tona 00.10* 

liumber; 

l,2a0fC.B.U.    at    IS. 1  10.14 

T.333ft.RM.    at    18. G8.«« 

£.482rt.B.ML    at    |S.60 lO.OT 

S.OESrt.B.M.    at    fT.BO IS.41 


t.Saort.  B.  M.,   1  In.,  at  til 47.16 

7T7tt.  B.  M..  I  In.,  at  (11 >.t2 

4.4Z0f[.  B.  M.  drop  Biding  at  tlS.EO E9.C1 

tOOIt.  B.  M.  floorlns  at  (IS.GO 7.40 

2.072  ft.  B.M.   S.  H.,  8  X   lO-ln..  at  24 12.28 

26,127  ft.  B.  U.  total  at  89.20  <av.) (241.64 

IIU  U.  shlnsleaat  (l.TG (20.1* 

Bardware; 

390  Iba.  rode  and  bolta  at  II.BB  per  100  Iba (  t.)t 

1.200  lbs.  at  (2  per  100  Iba 10.00 

Bolts.   nulB  and  wsahera I1.7E 

0  padlocks  at   IS  cti IS 

Total  hardware (48.48 

Paint; 

27  gals,  paint  at  60  eta (18.10 

8  gals,  oil  at  37.6  cts l.t) 

Total  paint    (l*.Ot 

Engineering   (SO.SO 

Loading  material: 

l.e  daya  carpenter  at  (t.GO ....I  4.00 

3.2  days  laborer  at  (2 6.40 

4.8   total    (10.40 

Vtiloadine  material: 
1    day  carpenter (  J.GO 

'Bnffkteerlng-CoiUraeting,  Oct  >,  19DT. 
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lOI.l  days  carpenter  at  12 
it-liaym  helper  at  |1.. 

^■mu. 

S^HS 

sfi.ao 

t3»0.(B 

Poi»U*o  *c«  hoius; 

SiTMMABT. 

Wotertoli.- 

TotaU 

Feroen 

Total  material   

..IS14.SS 

se.i 

iMhor: 

, „    t  10.80 

4.8   day*  loading 10.40 

1    day    unlmdlng g.EO 

Kl.T   dara  building  at  tZ.ST..  iin  Aa 

T  days  isolntlns  a*  "* 

Total   labor , 

Total  matedala  and  labor fTTI.Z! 

TooIb    SI. GO 

FralKbt    4G.0a 


Welslit: 
18.000  tu  a  H.  a 
Hardware    


(6.E0 t  00." 


<  I  battens,  «t  II*.. 

„ il  at  n.!8   (av) 

>  )C  ahlnslee,  Star  A,  at  tl.IE. . 
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Hardware: 
«80  lbs.  nails  at  .IIS  cL 

10  galB.  ouUide  paint  at  It  a 

Unloading  lumber; 


(  days  total  at  tl.SZ. . 

Ertctine  lee  kouse; 
93.G  days  carpenter  a 
12.6  d-   -  ■- 


t  IS.40. . 


lOS  dors  total  a 

PalutlDK : 
4  days  foreman  at  tTG  per  month. . 
1  days  painter  at  |i.EO 

e  days  total  at  |2.4S 


t  days  unloading  lumber  at  '■ 
10<  days  erecting  at  f2.40.  . 
E  days  painting  at  %2.tS 


iJJ1.7B 
21.BS 

S5E.S0 


Total tl7».18 


Total     I6iS.45 

M.  ft     I 

UaterUlB    JO.OSS 

LB-bor    e.164 

Pretght     0.017 

Total   lO.MT 

EXAUPLS   No.   III. 

Ice  House  24  X  4S.  ' 

Wtiffht:  .  i 

I(,e«G  ft  B.  M.  at  3.300  lbs.. 

16\4  M.  shlnKlea  i      

Hardware    

Total   (£9   tons).. 


lEO  Ibi t.IlS 


■14  tLB.  U.  a  H.  at  IT 

t.4:oft.B.U.  at  tii.GO 

240  ft.  B.  IL  at  IIS.EO 

111II.B.M.,   •2alB,   at   tl).ia 

I28R.B.M.,   at  tn.iO 

M4Ift.B.M..  ■!•,  Na  1,  At  tn.t6.. 
t.EOO  fL  B.  IL,  ahip  lap.  No.  I.  at  t^l 


t  tl.«0.. 
t  ll.7S.. 


Padloijca  and  blnseB.  ■ 
Total  bardware  . 


MaleriaU: 

ICISG  ft.   B.  H.  at  tlE.3S tiBE.SO 

StilngtsB    31.00 

Hardware    21-SS 

Paint    1  lis 


Total  lal>OT   . 
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.    ,         Costpw' 

■uit    : 

.^..|0.1W 

■.■.'.■.■.'.■.■.'.'.'.'.■.■.■.■.■.■;.■.■.■.?; .'  •.006 


Total     )0.tSO       100.1 


ie.8S4  ft.  B.  H.  at 
IB  U.  HhlnKlM  at  : 


[C*  HoOM  24  X  4B.        t 

<  t*^ 

3.100  Iba «/.\... 

ISO  Iba *!■;(.. . 


.10D(t.B.U.   I 

see  ft  H  -- 


..t  ET.ao 


108  ft.  _ 
Z21ft.  B.M.,    ai    lis. 

I,«»8ft.B.M.,  at  110.. 
Ill  ft  B.  H.,  nooriiiK, 
TlBftB.  M.    at    »eT0, 

■  '.20  ft  B.M.   at   111... 


!I7.G0.. 
n.tt.. 


14.81 

lM9irtB.IiL.  total  arerase,  tlME UI1.S1 

15  M.  shlnsleB  at  ft t  SO.OO 

Hardieare : 

Roda.  nashers,  etc I  lt.«T 

200  Iba  20d  nalla S.tO 

00  Iba  4d  nallB I.l> 

400  Iba  lOd  nails T.OO 

LockB,    hlngea,    etc 1.01 

Total   hardware   t  10-14 

Paint: 

ll.E  xala  paint  at  >0  eta t  ll.M 

e.B  gala,  oil  at  eo  eta t.tS 

Total   paint    .*. f  14.00 

Labor: 

BuUdltiK  taouae: 

BupervlBlon    |  tl.19 

11,5  days  foreman  at  tSS  per  montll 14.11 

45. B  daya  carpenter  at  tl.48 lll.Tt 

Total    tlT8.8> 

BanklnK  dndera  acDund  bouae: 

1  day  foreman  at  11.74 11.74 

0  daya  laborera  at  11 4.00 

Total    n.T4 

Fainting: 

;  daya  painter  at  tt.lt t4.B9 

S  daya  painter  at  11,76 G.IG 

T»«    .11.  T( 


Material;    ■  Percent. 

1«,(94  tt  a  H.  at  tIt.SE tS2T.SI  4S.3 

16  U.  ahlnsle*  at  fE 30.00  G.7 

Hardware   3t.tt  G.O 

Paint   14.90  S.8 

f29g.lG  Et.g 

BulldlDK   bouae    (1T8.SS         3«.l 

Banking  clQdera   T.T4  l.G 

PalntlnK ».7S  t.S 

tlSt.ll  tT.4 

Matarlala  and  labor MB4.47  S4.S 

_      Total    I4SB.24        Tl'.i 

rrelaflit     2S.00  6.7 

Gtrand   total    1^24.24        lOO^i)' 

aq.  tL  Per  cent 

Materials    tO.!E9  Et.B 

Labor    0.170  S1.4 

Toola     D.OOl  0.1 

Freisbt   0.02B  5.7 

Total    I0.4W       100.0 

BXAUFLB    V, 

Ice  Home  24  x  4B. 
W«{ff\t:  Found*. 

18,247  ft.  B.  M.  at  MOO  Iba S0.S2» 

14  M.  ahlDKlea  at  lEO  Iba 2.100 

Hardware    l.OOQ 

Total    (32   tons) 03.425 

iMtabar: 

BTe(t.B.M.    at    tli.GO t  T.30 

4,610  ft.  B.M.    at    (ll.EO E2.44 

i,GO0ft.B.lL.  not  ihlp  lap,  at  I2T.E0 se.2E 

S14  ft  B.  H..  No.  E  floomig,  at  113.50 3.02 

4.EO0ft.B.M.,  No.  2  all,  at  tlS.Tt 01.88 

e«SftB.M.    at    tn.EO 7.81 

12Stt.&.H.    at   113 2.98 

iS.247  ft  B.  M.  total    (av)   flS.CS 8231.81 

li  U.  BhlnKlea  at  12.76 t  38.60 


t  ken  20d  nails  at  12 

2  kega  lOd  nalla  at  12.05. 
80  Iba  4d  nails  at  12.46.. 
Iioclu,  hlnBCS,  etc 

Total  hardware 
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21  dara  foreman  at  fS t  II. H 

2G  daya  carpenter  at  |Z.TG ST.IS 

13,G  daja  canMoter  at  (2.60 ll.tl 

I  day  (oreDiaii  at  tl-l* I-I4 

II  daya  laborer  at  tl.EO l&Gt 

Total    |1«M4 

MattriaU:  Per  oeat. 
Lumber,  It.Ul  ft.  B.  BL  at  |1).S8. . .  .Illl.lS        ti.S 

ShlnsteA   14  !£.  at  fi.TG 38.G0  T.t 

HarifWare    11.14  1.2 

t2S0.>T        "wii 

Idbor    I19!.14         S8.1 

Freight    Si.OO  B.I 


tEOG.lI       10t.« 

■q.lL  Fercait 

UaterlBle     10.341  GG.I 

Labor    6.167  J8.I 

Freight    0.0S8  e.S 

Total    t0.4SB       lOO.t 

GXAlfPU  VI. 

Ice  House  14  X  48 

Percent 

MaterlalB   tSII.81         Si.I 

Labor    184.78  81.8 

Toole    1.89  O.J 

Fr^^tt    29.00  S.T 

8818.82        100.B 

eq.  rt  Per  cent. 

MaterlalB    tO.iSO         G2.2 

lAbor    0.143  11.8 

Tools    0.001  0.8 

Frelsht    0.026  6.7 

Total    I0.44S       100.0 

The  labor  cost  per  thoueand  teet  of  hunber  In  place  wae  ea  ti 

PerM. 

Example   No.    I |18.D0 

Gxample  Na   II 16.80 

Example  No.   HI 8.70 

Example  No.  IV 11.00 

Example  No.  V 10.70 

Example  Na   VI 10.00 

AveraKe    8I8.0t 

Cost  of  11  Ice  Houaee.— The  followlnK  costa  relate  to  work  doi 
by  railway  company  labor  In  tlie  Pacific  Northweat,  carpenten 
receiving  13.60  per  10-hr.  dw'. 
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A  100-ton  Ice  houae.  SE  z  31  rt..  contained  18  M.  The  avenic« 
coat  of  Bve  of  thew  houseB  wag: 

Totals.  Per  »q,  ft 

MatcrialB $270  (0.40 

l*l»Or 177  O.se 

Total     %ni  (0.7* 

Since  U)«re  were  IS  H.  In  each  house,  the  labor  cost  waa  110 
per  M. 

A  l.OOO-ton  Ice  houae,  tO  x  SC  ft.,  contained  G4  M.  The  average 
<Ki8t  of  >lx  of  these  houses  waa: 

Total.  Per  sq.  ft. 

Materials    .,     \    (70        %<its 

I**>or    eOO  ».M 

ToUl    11.170  |0.4« 

The  labor  coat  was  ft  little  more  than  IS  per  M. 

Coat  or  Car  Bhop*.— «ar  shops  Were  built  In  bIk  months  (19(«) 
by  oontract  for  the  Wabash  Rr,,  at  Decatur,  IlL 

The  total  coat  of  the  plant  was  J3fi8,OO0,  Including  buildings, 
machinery,  shop  yard,  grading  and  track. 

The  cost  of  the  different  buildings  was  as  follows: 

Percu.ft. 
cts. 

Car  Aop,  88  X  iH  ft *-T 

Blacksmith  and  machine  shop.  80  X  294 

Btorehouae    and    2-story    oBlce    bldg    at    one    em 

40  X  484 

Wood  mill,  80  X  2J8 

Cabinet,  upholstering,  etc.,  shop  40  X  850 

Power  house.  GO  X   108,  brick 3.4 

Lavatory  building   6.4 

Dry  kiln,  reinforced  concrete  roof,  floor,  etc " 

Dry    lumber    sheds ......-..- -..,-,.--.,.- 

Iron,  coal  and  coke  sheds 

Material  sheds  and  raclcs 

Alt  the  large  shop  buildings  have  timber  frames  with  hallow  walls 
forroed  of  plaster  [I  to  1^  Ins.  thick),  on  expanded  metal  lath  (34 
gase),  secured  to  l^-in.  round  rods  stapled  to  the  timbers.  The 
shop  buildings  have  maximum  window  area. 

Cost  of  Engine  Roundhousei. — Mr.  R.  D.  Coomba  gives  the  fol- 
lowloK  bills  of  materials  and  estimated  costs  of  wooden,  of  steel 
framed,  and  of  reinforced  concrete  roundhouses.  £!ach  stall  Is  73 
ft.  long.  24  fL  wide  at  one  end  and  14  ft.  wide  at  the  other,  giving 
an  averaKO  width  of  19  fL.  or  an  urea  of  91Z  aq.  tU 

The  estimated  cost  of  one  stall  of  the  wooden  roundhouse  with 
brick  walls  is: 
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Wooden  RooNDHOuaa. 
Roof  end  Center  Colamnt: 

SSOtt.B.M.  Bpruce  monllor  sheathlnK  st  135.08. ..t  ll.St 

laort-B.H,  pTne  nianltor  purlins  atltO.OO ll.g* 

tlGft.  B.  U.  cypreaa  monllor  trHmlnK  at  Ite.OO...  I0.7> 

l,&lirtB.M.  spruce  roof  sheathlnc  at  |3E.0I> 61(1 

i.tSStCS.K.  pine  roor  purltna  at  110.00 gV.tt 

<7EIt.  B.  M.  pine  slrderi  at  (40.00 ai.ao 

eoi  tI.B.  U.  pina  columns  and  caps  at  140.00 14.M 

ESftB.M.   apruce  brldglDK,  etc  at  140.00 LtO 

t.lSSft.B.M.  total  Umber |142.S« 

TO  Iba  bolts  at  (O.OJ I.lt 

S  pivot   wlndowa   IncL  palntlns.  at   t4.O0 tl.OO 

3  flxed  windows,  Incl.  palntinK.  at  |1.G0 GO* 

2.31  cu.  yds.  concrere  column  foundation  at  ff.00.,  17.Gt 

I.E13  sq.  ft.  tarred  felt  rooflng  at  tO.O< lO.Sl 

Smoke- Jack   lO.Ot 

1,700  sq.  fL  palntinK  at  |0.02!G Ol.GI 

700  Iba  cast  iron  e^umn  base  at  tO.OtTS IMt 

Tola!  for  roof  and  center  columns tSDt.TT 

Walls; 
I2.G  cu.  yda  brick  wall  at  |S.GO 


post  foundation  a 


2  lifting  windows,  IncL  palntinK,  at  tlOOO 20.00 

200  IL  B.  U.  cypTOM  Window  rraming  at  MO.OO...,     11.00 
1   double  door,  IncL  palntlns GO.OO 


Roof  and  Center  Oolumiw.- 

280  it,  B.  M.  Bpruce  monitor  sheatlilnv  at  flG.OO , . .  ■  ](.J0 

a20ft.BM.  pine  monitor  purlins  atTi 0.00 1I.M 

345  ft.  B.  M.  cypress  monitor  framlDK  at  ttO.OO ZO.Tt 

S,330  ft.  B.  M.  spruce  roof  Bheatbing  at  135.00 81. E5 

--5rt.BM.  Bpruce  nailing  str^a  at  140.00 G.4ff 


2.26  cu.  yda  concrete  column  found,  at  16.00 13.tt 

0,14  cu.  yda  column  found,  call  at  tlO.OO 1.40 

1,470  sq.   ft.   roofing  at   (0.04 (8.80 

Smoko  Jack    30.0* 

1,2G0  sq.ft.  painting,  steel  at  fO.Ol ll.GO 

1,300  sq.  ft.  palming,  wood  at  t0.022G 4t.TG 

Total  for  roof  and  center  columns |<T7.TG 

Brick  walla   (same  as  (or  Wood  roundhoiiM) StT.Cl 

Grand   total    tSIS.IT 


BUILDINGS. 


KXINTOBCSD  CONCRBTC  ROUNDHOUBB. 
Root  out  CentfT  Columtis: 

I.TTOlbH.  relnforcInK  rods  at  fO.OI )113.1D 

ll.es  cu.  yds.  concreto  superstructure  at  Iie.OO E3S.88 

1.3  cu.  yda.  concrete  col.  tuBea  at  |E.OO 11.80 

410  ft.  B.M.  pine,  monEtor  purlins  at  140.00 10.40 

4K0fI.B.  U.  apruce,  monitor  sbeathlnc  at  fSG.OO...  14.70 

280  ft.  B.  M.  cypress  monitor  frame  at  fSO.OO 10.80 

8  pivot  windows  al  14.00 Si.OO 

1  nxed  windows  at  (Z.50 6.00 

1,440  sq.  ft.  rooflns  at  10.04 E7.I0 

IS  fL  sutler  at  tO-10 O.OS 

IS  fL  down  spout  at  tO.tO e.40 

Smoke  jack   sO.OO 

700  aq.  ft.  palntlDK  at  80.0226 15.T6 

Total  for  roof  and  center  columns I8SS.G1 

WalU: 

840  lbs.  reinforcing  rods  at  |0.03 1  19.20 

350  lbs.  channels  at  80.03 lO.GO 

1,310  lb&  cast  Iron  column  at  t0.a2TE 04.07 

215  aq.  It  expanded  metal  No.  10  at  80.027 G.SO 

1.43  cu.  yds.  reinforced  concrete  walla  at  HG.OD 10.30 

7.08  cu.  yds.  concrete  foundations  at  80.00 42.G4 

0.74  CU.  yds.  concrete  door  post  at  tO.OO 4.44 

4   lifting  windows  at  810.00 40.00 

Double  door 40.00 

Total  for  walls   IS40.8B 

Total  for  one  stall f  1,312.81 

Coat  of  RoundhouM,  Coaling  Station,  Turntabis,  Etc.* — Mr.  A. 
O.  CunnlnKhasi  glvea  data,  of  which  the  followlns  Is  a.  brief  abstract. 
See  B%aineeTt»o-ContTactiita  for  full  description  of  the  plant  with 


In  1007,  the  Wabash  R.  R.  built  a  new  engine  terminal  plant  at 
Decatur,  IIL,  where  100  engines  are  cared  tor  dally. 

The  roundhouse  has  a  wooden  frame  restlns  on  concrete  founda- 
tions. The  walla  are  of  wooden  girts  to  which  expanded  metal  Is 
tEtalened  on  both  sides.  The  expanded  metal  on  the  outer  surface  Is 
plwrterod  on  both  sides  with  a  mixture  of  Portland  cement,  Ume  and 
•and.  Eind  cocoanut  liber.  The  expanded  metal  on  the  Inner  surface 
Is;  of  course,  only  coated  on  one  side  with  the  same  kind  of  plaster. 
This  conMructlon  provides  a  wall  with  a  hollow  space  of  air  between, 
m>  that  dompneas  cannot  penetrate  to  the  Inner  surface.  The  air 
•l>ac«  forms  a  good  Insulator  to  keep  the  building  warm  In  winter 
and  cool  In  summer.  The  plaster  applied  to  these  walls  consists  of 
1  bbL  of  lime  mixed  with  IE  bbla  of  sand  and  4  lbs.  of  cocoanut 
fiber,  the  whole  being  mixed  thoroughlr  with  water  and  allowed  to 
stand  for  at  least  two  weeks  so  as  to  give  the  lime  time  enough 
to  alack  thoroughly.  One  part  of  Portland  cement  Is  added  to  three 
parts  of  this  mixture,  with  enough  water  added  to  make  a  plaatia 
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mortar.  This  Is  applied  to  the  expanded  metal  oad  allowed  ts 
harden.  This  Is  called  a  scratch  coaL  On  this  coat  Is  plaJMred 
another  layer  of  mortar,  composed  of  1  parts  of  sand  to  1  part  tit 
cement.  The  plaster  on  the  expanded  metal  on  the  outor  aurfoc* 
of  ihe  bouaa  la  1^  Ina  thick,  and  that  on  the  Inner  aurface 
about  K  In.  thick.  This  hollow  wall  extends  completely  around 
the  outside  of  the  house,  and  from  the  xroutid  to  a.  belslil 
of  E  f t.  The  exterior  tace  of  the  wall  Is  painted  with  a  wata^ 
prooflnK  compound.  On  this  wall  Is  placed  a  continuous  line  ol 
windows,  which  extend  to  the  underside  of  the  eaves  of  the  tniUdlnc 
thus  providing  plenty  of  llcht,  wblcti  Is  very  essential  In  auch  build- 
ings. The  cost  of  a  wall  of  this  description  Is  slightly  leas  than 
brick,  but  a,  saving  Is  made  betause  brickwork  rc^iulrea  (oundatkMiB 
to  support  It,  while  this  cooBtructlon  requires  only  those  ncceaaarr 
to  supiwvl  the  posts.  Also  lintels  are  required  over  openings  In 
brickwork,  and  none  are  required  In  this  kind  of  a  wall.  A  further 
advantage  In  this  construction  [s  that  a  continuous  line  of  windows 
may  be  used,  while  with  brickwork  this  [s  not  possible,  on  account 
of  Che  iillaatera.  The  windows  are  made  bo  that  Che  two  lower 
sashea  are  bung  together  with  copper  chains  over  pulleys:  thoa 
when  one  Is  raised  the  other  Is  lowered;  conaequenlly  tbey  are 
countertulanced  without  BolnK  to  the  expense  of  proTtdlng  box 
frames  with  counterwelgAita 

The  floor  of  the .  roundhouse  la  of  concrete,  built  similarly  to  a 
sidewalk,  and  placed  on  cinders.  It  Is  laid  out  In  squarea  of  about 
3  ft.  to  the  side,  so  If  any  square  gets  broken,  as  ft  Is  liable  to  be 
on  account  of  the  heavy  pieces  bandied  In  a  house  of  this  descrlptlro. 
it  can  be  repaired  at  small  coat. 

The  foundallona  carrying  the  posts  are  of  concrete  and  at* 
entirely  separate  from  the  floor,  so  If  any  settle,  the  floor  will  not 
bo  disturbed. 

On  the  roof  sheathing  Is  laid  a  built-up  roof  of  G-ply  tar  and 
crushed  limestone.  The  crushed  limestone  not  only  adds  weight  to 
hold  Ihe  buill-up  roof  In  place,  but,  being  white  In  color,  helps  tr> 
proloct  the  tar  from  the  raya  of  the  sun.  The  cost  of  thia  roof 
covering  In  place  was  about  the  same  as  that  of  a  prepared  rooflne. 

The  turntable  foundations  are  supported  by  piling  )Liid  are  of 
concrete.  The  center  or  pivot  foundation  Is  reinforced  with  rods 
Just  above  the  head  of  the  piles.  The  circle  mil  Is  spiked  to  abort 
ties  laid  without  any  fastenings  on  the  circle  wall.  The  pit  l»  paved 
with  concrete  In  a  manner  similar  to  that  Id  the  house  and  Is  drained 
by  a.  4-In.  tile  Into  the  catch  basin  previously  mentioned. 

The  turntable  Is  of  the  deck  type.  16  fL  long,  with  a  live  load 
capacity  of  215  tona  and  Is  turned  by  means  of  a  tractor  vrbsBl 
running  on  the  circle  rail  and  operated  by  «lactrlclty.  The  alrti 
work  of  the  turntable  was  built  by  tlie  American  Bridge  Co.,  aod 
Installed  by  employes  of  l..e  Wabash  R.  R.  Co. 

There  are  TS  cu.  yda  of  cinders  removed  daOy  from  the  dnder 
pits  by  means  of  an  electric  gantry  crane  and  clamshell  bucket,  thla 
part  of  the  plant  being  made  by  the  Case  Mfg.  Co.,  of  Cohimbua. 


Track  between   turntable  nnd  engine  bouse  and  la- 
bor laying  <value  new) 

Turntable  pit  and  foundation t 

Circle  rail  and  track  on  turntable  (value  new) 

Machinery  for  operating  turntable 

Cinder  pit  ( 

Madilnery  (or  gantry  crane 

Clam-ghell  bucket   (value  new) 

Coaling   BtatlOR    (20D-ton) 

Sand  bouM  and  machinery   (value  new) 

SO.OOD-kbI.  water  tank  and  (Ixtures  (value  new) 

Three  water  cranes  with  water  pipes  and   flxtureo. 


NOTM. — Items  with  the  words  "value  new"  written  after  them  Indi- 
cate that  the  material  or  Btructura  had  been  formerly  used  with  the 
old  laclUUM.     The  amount  given  Is  the  coat  If  new. 

Coot  of  ■  Brick  and  Staei  Bulidlng.*— Mr.  A.  E.  Duckham  Is 
author  of  the  fallowing : 

In  tho  BBliDg  of  J907  the  writer  was  called  upon  to  design  a 
bulidlng  for  a.  wlre-glasa  plant  In  Soulh  Greensburg.  Pa.,  tor  the 
ArbogBBt-Broek  Glass  Co. ;  the  wire-glass  to  be  made  under  a  new 
process  ot  Mr.  John  Arbogaat,  who  Is  now  superintendent  of  the 
plant  which  has  been  completed.  The  building,  which  Ib  60  x  170 
ft.,  was  started  (breaking  ground)  on  May  20  and  was  flnlahed  by 
the  author  on  Aug.  1.     This  Includes  the  lehr  (furnace)  foundatlonB. 

The  foundations  up  to  the  level  of  the  ground  are  of  concrete, 
made  of  I  part  cement  (Portland).  2  parts  sand,  and  T  parts  graveL 
They  were  carried  down  to  clay,  which  on  an  average  was  3  fl- 
bfllow  the  surface  ot  the  ground,  which  was  level.     As  the  ground 
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was  marah-llkc^  the  irancbes  were  Sag  and  Immed  lately  flUed  aji 
with  c(nicret«,  mUed  on  the  board  and  depoalted  by  wheelbajTOw 
from  a  plank  runway  Into  the  bottom.  No  water  WBH  required  In 
ttie  mlxlnK-board  for  tlis  bottom  layera  of  concrete,  owins  to  Un 
trsncliea  being:  partly  filled  with  surface  water.  After  atandlOK  all 
niBht  wc  would  And  the  trenohes  tilled  wltli  water  In  the  moraine: 
thli  we  pumped  out  with  an  ordinary  hand-pump  and  trench  Boction 
hose  (about  3  Ina.  In  diameter).  At  t1me%  It  kepi  one  man  busy 
pumping  all  day.  owing  to  the  heavy  ralna  to  which  we  wer«  subject, 
which  kept  the  ground  saturated. 

Above  the  level  of  the  ground  the  building  Is  of  brick.  The 
root-trusBBS  are  of  steel.  Including  the  purllna  They  rest  oa  tbe 
pilasters  of  the  wall,  uid  are  attached  to  them  by  anchor  bolts.  Tbe 
latter  were  set  loose  In  the  walls :  and,  after  the  erection  of  ttie 
steel,  were  grouted  with  cement  mortar.  This  was  to  faclUtata  the 
erection  of  the  steel-work. 

The  roof  was  covered  as  fellows:  Nailing  strips  of  1  x  4  In. 
hemlock  were  bolted  (every  3  ft.)  to  tbe  atael  purlliks,  and  upon 
them  was  nailed  1%  In.  matched  yellow-pine  sheathing  i  upon  this 
was  laid  and  fastened  Carey's  Magnesia  Flexible  Cement  RooDns. 

The  building  was  well  situated  tor  receiving  materials,  as  It  was 
located  lis  ft.  from  the  railroad  and  TS  ft.  from  a  street,  l^ie 
cement,  sand,  gravel  and  brick  were  obtained  from  local  dealers 
within  a  mile  of  the  place;  tbe  llrst  three  Were  hauled  by  wacDa 
(with  the  exception  of  one  carload  of  HUid),  and  the  lost  on«  was 
shipped  In  by  car  on  a  siding  opposite  the  building,  and  allpped 
in  by  a  chute,  the  railroad  track  being  about  i  ft.  above  our 
ground. 

The  walls  between  the  pilasters  are  only  S  las.,  but  the  pOaMcn 
project  9  ini..  thus  making  an  IS-ln.  pillar  or  column  under  each 
truss  to  carry  the  load ;  the  9-ln.  wall  between  acting  as  a  curtain 
wall.  The  brick  wall  was  laid  complete  In  cement  mortar,  no  Uioe 
being  used.  The  mortar  was  composed  of  1  part  of  cement  and 
Ifi  parts  of  clean  river  sand.  When  the  building  was  flnlshed.  tbe 
mortar  was  so  hard  that  It  was  dlRlcult  to  break  It  with  a  haminer. 
We  had  some  trouble  at  Qrst  with  the  bricklayers  to  get  them  to  ass 
this  mortar  without  the  addition  of  lime,  as  It  Is  not  easy  to  siii  lail 
When  set  up.  however,  it  lasts  for  all  time. 

The  cement,  an  American  Portland,  gave  us  perfect  satlafactloo. 
This  was  used  throughout — In  foundations,  brick  walls  and  Idir 
(furnace)  foundations.  Partly  In  the  lehr  foundation  we  uasd 
furnace  slag  from  the  steel  works  in  place  of  gravel,  being  unable 
to  obtain  the  latter  In  time.  It  was  very  satisfactory,  but  required 
much  more  water  in  mining,  which  had  to  be  carried  from  a  creek 
about  100  ft  distant. 

The  steel  half  trusses  were  skidded  off  the  cars  onto  the  ground!, 
brought  Into  tbe  building  after  the  erection  of  the  walls  tbrouA 
one  of  the  large  doorways  on  a  "buggy,"  riveted  together  to  form 
complete  trussea,  and  then  raised  Into  PoslUon  by  a  gbi-pole^ 
block  and  tackle,  and  crab  (the  latter  being  operated  by  six  naoi). 
Thcrf  were  ten  steel  erector^  and  It  took  them  about  ten  days  te 
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«rect  the  Bteel-work,  Including  truMei,  purllni,  lAUral  bracing  {In 
three  bayi)  and  "tag  rods."  A  day  or  so  was  lost,  however,  waiting 
for  tools  and  material. 

On  the  DrlBlnal  plans  we  figured  on  regular  ventilators  or  lanterns 
with  side  louvres  of  sheet  steel  extending  the  Whole  length  of  the 
ridge  of  the  roof  for  ventilation;  but,  at  the  ■uKgeBtlon  of  thq 
owners,  to  save  cost,  these  wera  omitted,  and  four  ordinary  circular 
veatllatoi-s  were  used  along  the  ridge.  As  there  were  many  large 
windows  along  the  sides  of  the  tnilldlng.  as  well  aa  the  ends,  these 
were  considered  enough  tor  the  purpose.  The  windows  had  bones 
tor  pullers  and  weights.  There  were  two  sash  to  each  window. 
The  bottom  sash  weighed  39  Iba  Including  the  glass;  this  waa 
weighed  to  determine  the  size  of  counter- weights. 

The  12?  squares  of  roof-covering  took  one  week  to  lay,  nail, 
cement,  and  paint.  There  were  five  men  for  three  days  and  two 
men  for  six  daya  Two  men  (e^iperts)  came  up  on  the  Job,  and 
three  ordinary  local  mechanics  were  hired.    The  extra  men  coat  120. 

In  unloading  the  brick  from  the  cars  on  the  railroad  track,  in  on* 
caae  It  took  five  hours  to  unload  one  box  car  of  12,000  brick  With 
four  men  (two  Inside  and  two  outside),  with  chute:  and  In  another 
It  took  3fi  hours  for  five  men  to  unload  the  same  car.' 

The  building  was  not  only  designed  by  the  author  as  engineer  and 
architect,  but  be  also  had  the  contract  to  erect  the  building  complete 
on  the  "cost-pluB-a-axed-aum"  plan.  By  this  method,  the  owners 
saved  at  least  12,000  figuring  on  the  lowest  bids,  or  about  !&  per 
cent  of  tbe  net  cost  (not  taking  into  account  the  architects  and 
contractors'  commission).  The  building  waa  originally  Intended  to 
be  built  at  Camegle  (about  five  miles  from  Pittsburg),  but  was 
finally  built  at  Oreensburg  (over  30  miles  from  Plttstnirg).  where 
everything,  owing  to  the  Increased  distance  from  a  large  city  and  a 
river  {for  sand  and  gravel),  cost  more.  The  bids  were  figured  on 
ttie  (^megle  location,  consequently  the  percentage  showing  the 
amount  saved  In  cost  siiould  be  Increased. 

Tbe  average  lump  bid  of  the  contractors  was  about  til,EOO,  but 
this  was  for  the  Camegle  location.  To  show  the  Increased  cost  of 
the  same  building  at  Qreensburg,  we  got  a  bid  on  the  brickwork 
from  tbe  iune  man  of  tI,SEE  at  Camegle  and  |Z,40a  at  Qreensburg^ 
or  an  Increase  of  over  S2  per  cenL  Again  cement  cost  |1.T5  per 
barrel  at  C!amegle  and  |1.SE>  at  Qreensburg,  while  sand  cost  fH 
cts.  a  bushel- at  Camegle  and  9  eta  at  Qreensburg. 

The  detailed  cost  of  the  building  as  built  waa  as  follows: 

ateel-work    t!.730.00 

Lumber,  doors  and  windows,  sheathing,  etc..   1,JS3.61 

Boot  covering  (cement  roofing  felt) III.SO 

Cement,  sand  and  gravel BiS.04 

Brick    T38.ie 

I^bor   (Including    common    labor,    bricklayers 

and  carpenters)    t.lTG.St 

Bolts  to  fasten  nailing  strips  to  purlins tS.SS 

Hardware    T$.G4 

Tentilatora    (circular)    18.00 

Total   tM01.«I 
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The  cOHt  of  the  building  per  cubic  foot  of  spsoe  from  tlie  groani 
level  to  the  roof  was  IM  cent&  The  cost  per  square  foot  of  Boor 
■pace  wae  SS.4  ctB.  The  above  does  not  Include  the  arcbltecVa  fee 
of  6  per  cent  or  the  contractor's  fee  (ot  approximately  R  per  cent)  ; 
this  would  brluK  the  coat  per  cubic  foot  up  to  S.S  cta^  <uid  the  coat 
per  Bquare  toot  up  to  9S.1  cto. 

The  building  was  fllled  In  to  a  depth  of  4  ft.  with  dry  earth  and 
burnt  nnd  (from  a.  foundry  nearby).  It  was  orlKlnallr  tnteoded  to 
lay  a  cement  floor  upon  this;  or  a  brick  floor  (preferably  the  latter, 
aa  being  easier  to  take  up  tor  the  additional  lehrs)  ;  but  this  wai 
abandoned  for  the  preaent  until  the  fllUng  would  become  wdl 
tumped  down  by  walking  and  by  roUIng  trucks  over  It. 

The  lehr  walls  (foundation)  were  built  by  the  writer  under  a 
separate  contract  with  the  furnace  contractora  This  work  he  did 
tor  I6.E0  B.  cubic  yard  tor  the  concrete  walls  (3  ft.  under  groimd 
and  4  ft.  above  ground)  and  BO  cts  a  yard  extra  for  excavating 
the  trenchea  At  thla  figure,  he  made  18  per  cent  profit.  Then 
were  some  advantages  and  some  dtsadvantaBHs.  Under  the  head 
ot  advantages  were  the  tacts  that  his  foreman,  who  waa  overlooking 
the  main  building,  also  took  charge  of  this  work;  then  for  caring  or 
forms  for  the  concrete  we  used  sheathing  and  lumber  attrrwards 
used  on  the  building  i  under  the  head  of  disadvantagea  were  the 
handicaps  of  having  to  carry  water  for  the  concrete  and  that  wa 
were  held  up  by  the  steel  erectors,  Who  got  In  our  way.  The  «i^ 
penter  work  In  building  the  forms  tor  the  concrete  lehr  foundation* 
amounted  to  10  per  cent  ot  tho  total  labor  bill.  The  total  labor 
bin  amounted  to  iS  per  cent  ot  the  total  cost,  and  the  matertela 
(cement,  gravel,  slag,  and  sand)  consequently  run  up  to  Tt  per  cent 
of  the  total  cosL  Sunways  were  IniUt  of  Inclined  planks,  and  the 
concrete  was  deposited  by  wheelbarrows  directly  Into  the  forma  toi 
then  tamped.  The  writer  bellevea  In  rathpr  a  wet  mix  of  cBU9«t» 
tamped  enough  to  bring  the  water  to  the  aurface,  and  maJce  It  Ilw 

Inclined  runways  and  scaffolding  ot  2-ln.  plank  and  doubled  !  x  4- 
In.  sludB  as  posts  were  also  used  In  the  main  building  to  supply 
the  bricklayers  with  brick  and  mortar.  Up  these,  common  laboren 
wheeled  the  material  in  barrows ;  thus  doing  away  with  the  riow 
and  more  expensive  hod-carriers  and  ladders.  The  material  oaed 
In  the  construction  of  the  runways  and  scaffolds  was  afterward 
used  in  the  room,  so  there  was  but  little  waste  of  lumber. 

The  plana  with  the  exception  ot  the  details,  were  made  on  H-li>- 
scale.  Instead  of  the  usual  U-ln.  scale.  This  smaller  acate  made 
It  more  convenient  In  the  Held,  and  not  so  cumberaome^  espedally 
when  theie  waa  a.  strong  wind.  The  writer  bellevaa  that  as  ■nail 
a  scale  as  possible  should  be  used,  and  all  details  should  tra  made 
on  a  separate  sheet  on  say  I-ln.  or  l^-ln.  scale.  Figures  In  all 
cases  should  be  given  Instead  of  dqiending  on  tba  acale.  Tbls  would 
remove  all  doubt  and  controversy.  In  tact  wa  abonid  follow  the 
procedure  of  the  bridge  drafting  room. 


Ta  dealgnlng  the  bulldliiK.  no  attempt  wa.s  made  at  omamentatloD, 
ftB  the  owner!  wanted  the  building  to  cost  aa  little  ob  poaslble ;  but 
the  writer  tan  to  It  that  everythlns  was  strong  and  eOlclent 

The  brickwork  was  laid  In  l^iglMi  Bond,  the  stronKeat  kind ;  and 
Che  writer  was  surprised  to  Hud  how  few  of  the  so-called  practical 
bricklayers  knew  what  It  was  or  how  to  lay  It.  Host  of  them 
thausht  that  It  was  Flemish  bond— or  alternate  headers  and 
stretchers — Instead  of  alternate  layers  of  headers  and  stretchers, 
which  Is  the  Bngllsh  Bond. 

Coat  of  Reinforced  Concrete  Buildings. — The  following  Is  a  very 
brief  abstract  of  a  five-page  article  by  Mr.  Leonard  C.  Wascn, 
President  Abertliaw  Conalructlon  Co.,  In  EnelneeTtne'ConlraattnD, 
Jan.  13.  1909.  [The  labor  unit  costs  are  rather  high.  The  work 
was  done  in  New  England.] 

It  [s  well  known  that  the  cost  of  materials  and  labor  In  different 
parts  of  the  counlry  vary  somewhat.  Having  the  unit  Items  all 
sub-dlvlded  into  their  elementary  parts.  It  Is  an  easy  matter  after 
determlnlog  the  coat  of  materials  In  any  locality  to  make  the  exact 
corrections  to  the  ref-tlts  obtained  on  a  previous  Job.  Similarly, 
wben  a  difference  In  ine  rate  per  hour  for  wages  Is  known,  If  the 
same  efficiency  Is  obtained  from  the  men  It  Is  very  easy  to  make  a 
correction,  or  If  the  efficiency  varies.  Judgment  must  be  applied  to 
determine  the  correct  rate  to  use.  It  has  been  the  writer's  experi- 
ence that  although  the  rate  of  wages  and  cost  of  materials  vary 
somewhat  In  different  parts  of  the  country,  the  variations  frequently 
offset  one  another  so  nearly  that  the  sum  total  of  the  unit  cost 
obtained  in  one  place  may  be  used  In  another,  very  seldom  needing 
correction.  E'er  Instance,  within  one  month,  after  careful  Investiga- 
tion, a  bid  was  made  up  on  a  structure  at  San  Juan,  Porto  Rico, 
using  the  same  unit  costs  as  for  a  building  In  Boston.  In  the  report 
that  is  given,  the  costs  relate  to  strictly  first  class  material  and 
workmanship  In  every  case,  as  It  has  been  the  endeavor  of  the 
writer  to  establish  and  maintain  one  standard  for  all  work.  In 
general  I  would  say  (hat  the  standard  mixture  for  all  floors  has 
been  either  1-3-B.  or  I-S-1  If  the  floor  Is  subjected  to  extremely 
heavy  loads  and  service.  Walls  are  mixed  1-3-S  and  columns 
usually  1-2-4  ;  In  some  cases  where  they  are  very  heavily  loaded  a 
rliAer  mixture  Is  used.  As  these  mixtures  are  common  to  nearly  all 
construction  the  costs  here  given  may  be  applied  with  little  danger 
of  error  trom  neglecting  the  mixture  on  any  work.  Of  course  It  can 
readily  be  understood  that  In  the  large  number  of  Jobs  which  have 
entered  Into  the  averages  given,  there  being  as  many  as  IS  in  the 
case  of  beam  floors,  different  methods  of  conducting  the  work  have 
been  used  and  many  different  foremen.  Therefore,  while  the  general 
average  Is  doubtless  safe  for  any  work  of  an  average  character,  some 
latitude  may  be  allowed  the  Judgment  In  determining  whether  any 
^jeclOc  case  Is  likely  to  be  difficult,  easy  oi  average.  The  writer 
has  found  quite  a  difference,  for  Instance.  In  cost  of  identical  work 
handled  by  different  foremen,  due  to  the  personal  equation  of  their 
palnstaJdng  supervision  and  ability. 
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Cott    of   Column*. — Tbe   followliur  ootU   ar«   the   avervcB   vt  I 
bulldlnsa: 

of  concrete. 

Cwnent  »0-0« 

Sand  ana  s"-"  "  "" 


Team  and  miaceUanMiia. . 
Plant   


Total,  ezcluBlva  of  Bt««l  aad  of  fomiB tO.SOl 

The  coit  of  forms  per  aquaro  foot  of  concrete  eurface  encaead 
Iras  aa  folloos: 

P«raq.ft. 
Lumber  at  |S»  per  H. tO.OM 


ToUd    

This  Include*  all  necoMary  poMa  and  stadng^,  alao  i 
rum  lor  placing  ihe  concrete. 

Oott  of  Seam  Ptoora.— The  aTeraio  coat  for  IS  buUdlnga  waa: 


Sand  and  stone. . 
lAbor  on  concret* 
Qeneral  lalMr   . 


TotaJ.  axcIuBlve  of  at««I  and  of  fonna t0.1S4 

le  coat  ol  forma  iier  aqiutre  foot  of  concrete  aurface  corwvd 

Lumbar  at  m  P«  U »0.0« 

N&lla  and  wire  0.0M 

Carpenter  laUw    OBTB 


Total    

Coat  of  FUit  Blab  JToora.— The  aversva  o 


Cement     

Sand  and  cement. . . 
Labor  on  concrete. , 
Oeneral    lalior. 


BUILDINGS 
Ths  COM  of  tonoM  wm: 

PBTBd-ft 

Cat!  of  Conorett  atabt  Bettoean  Btael 
r  13  bulldlngawas: 

«"•"• 

-T„ 

B  BveraSQ 

Total,  exclualva  of  iteel  and  ot  forms 14-369 

The  cost  of  forma  wtia; 

Persa.tt. 

Lumber  at  tit  per  M. tO.OSS 

NallB  and  wiro a.OOS 

Carpenter    labor O.Ofll 


Cement |O.OTI 


Team   and   niJecellaneoaa. . 


Total,  eicluMve  ot  ateel  and  of  forms 10.301 

The  coat  ot  forma  waa : 

Lumber  at  111  per  U. tO.Ott 

Nalla  and  wire 0.002 

Carpenter    labor O.OSE 

Total    10.128 

Co»t  of  FomUlaUoit  WaJl*. — The  areragc  coat  tor  11  buildiDia  ^ 


Total,  eielualve  «t  forma to.tss 
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Tbe  COM  Ol  tonus  was : 

Lumber  at  |tl  per  H. lO.OSS 

Natia   and    wire ft-Mt 

Carpenter    labor 0.M8 

Total    I0.1M 


CeraoDt    t*-»Tl 

Sand  and  stone 0.t77 

Lalwr  on   concrete 0.II4I 

Team   and   ntlacellaDeouB D.OtT 

PlHnt    *,0« 

Tot^l.  exclueive  ot  forma H-llI 

The  c«Bt  of  forma  wbb: 

Peraq.fL 

Lumber  at  |22  per  M H.814 

Nalla    0-OM 

Carpenter    labor fl.OET 

ToWl    tO.»« 

Coal  of  Labor  on  ReWoroing  Steel. — "Table  Xt  omlte  endr^  tba 
ftrat  coat  of  the  materlaL  Aftef  It  li  reMlved  at  the  site  at  Ibe 
work  Id  the  iita,DO  aold  br  the  mamifaeturer,  tbeae  prices  cover  tba 
cost  of  fabricating  Into  units  for  columns  or  beams,  baidlnz  the 
stirrups,  placing  and  all  Incidentals  whatsoever  prior  to  the  actoil 
embeddlnE  In  concrete.  In  the  case  of  the  hIctaeM  coat,  a  coal 
pocket,  there  was  very  limited  atorage  space,  1)1 -In.  bars  bad  to  be 
bent  diagonally  so  as  to  pass  over  the  top  of  the  rapport  a 
and  there  were  numerous  stirrups,  all  of  which. bad  to  Ik 
hand.  The  job  was  too  small  to  Justify  any  mechanical  a 
far  bending  or  for  handling  materlaL  The  next  hlgheat,  ofllce  bulU- 
ln(,  Portland,  Me.,  there  was  a  sulBclent  amount  to  requ[f«  proea 
machinery.  The  hoops  for  coIumnB  were  all  welded.  The  vertical 
bars  were  alt  wired  Inside  of  theae  hoops,  -niere  was  a  mushroom 
head  of  bent  and  circular  bars  wired  together  at  the  top  and  great 
numbers  ot  long  bars  of  amall  section  Bi>read  In  all  directions  ovfr 
the  floor.  The  lowest  price,  niter  at  Idwrence.  was  made  eotlfdy 
ot  atraight  bara  placed  loose,  the  only  expense  being  cutting  them 
in  a  hand  shear  to  length  and  placing  them. 


WelshL  Cost  of 

lookUoii.  TaoM.  tanaiiag. 

Office  bulldlnx,  Portland,  He. S£4H  15,115.11 

Fire  Btatlon,   vreacoa,  Mau. stf  40.Z« 

UIU,   Chelsea,    Maes. eiH  E4S.81 

Coal   bln^  Dalton,   Uau SU  01. T5 

Dam,  Auburn,  Me. E5  GOt.T* 

Filter,  Warren,  R.  I t9  102.63 

Tank,   Uncoln.   He. gu  G9.SS 

Tar  well,  Sprlnglleld IGU  ES.Zt 

IConumeDt,   ProvlncetowD tlit  130.84 

Mill,  OreenBeld.  "'"  


Hill,  S.  WlndhaiD^  He. '  2SS  a,0T9:60  10.51 

Mill,  AtUeboro,   Haw. i»%  280.02  S.TS 

Oaran,    Newton.    Hasa 20  80.05  4.33 

HillTaouthbrtdge,  uaaa to  ioa.03  S.34 

Coal  pocket.  Hartford,  Conn... 1»B  2,310.00  11.88 

Filter,   Lawrence,  Maea. 44^  112.84  2.54 

WarehouMi,   Portland,   He. OS  402.99  7.4T 

Standplpe,   AtUetwro,    Haso. 199>4  1,617.00  T.TO 

Higheet   16,47 

Loweit     2.64 

Average  □(  XI 8.S2 

Coal  of  Reinforced  Concrata  Building  Conitruetlon.*— Ut.  T. 
Herbert  Files  la  author  of  the  following: 

The  costB  here  elven  are  those  at  labor  only,  aa  labor  coata  are 
uaually  tha  unknown  onea  In  eatlniatliiK,  the  material  coata  being 
«aBlly  obtained   from   the  achedula   a(  quantlUea   and  the  market 

Theae  coata  are  taken  from  difterent  work  which  the  writer  baa 
been  on  and  are  known  to  be  correct  for  that  kind  of  work.  They 
are  not  obtained  front  rough  flgurea  after  the  work  was  llnlBhed,  but 
rrom  carefnllr  kept  coat  records.  All  of  the  coata  are  from  jobs 
aoDBlaUng  of  a  number  of  bulldlnga. 

The  coat  analyala  waa  kept  In  the  following  manner.  Bach  Job 
had  a  coat  keeper  whose  only  duties  were  those  of  keeping  the 
arerage  weekly  coat  of  the  different  work  of  conatructlon.  The 
distribution  of  the  time  was  taken  either  from  foreman's  reports  or 
from  time  cards.  Host  of  the  costs  given  In  this  article  are  obtained 
by  means  of  time  cards. 

Time  cards  are  rather  difficult  to  get  from  the  ordinary  labor 
emplored  on  construcCfon  Work,  but  this  dlflJculty  was  ovarcome  by 
havFng  the  foreman  of  the  labor  gangs  make  out  cards  for  each  man 
In  his  crew.  The  carpenters  and  better  class  of  laborers  made  out 
their  own  cards.  Each  man  had  to  pasa  In  a  time  card  as  he  checked 
out  at  the  timekeeper's  window  at  night.  In  this  way  the  record  of 
each  man's  time  and  how  It  waa  spent,  was  passed  Into  th«  Office 
each  night,  and  no  special  men  were  lost,  as  usually  happens  when 
the  dlKtiihutlon  Is  taken  from  foremen's  cards. 

* BiielnMTine-CiMtracting,  Apr.  7.  19D9, 
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The  con  keeper  would  go  over  these  corcls  the  next  dajr  and 
enter  the  totals  o(  Ihe  labor  of  each  class  of  work  on  the  cost 
keeping  sheets.  The  record  was  divided  Into  difTerent  accouali. 
ODe  (or  each  division  ot  the  work,  such  as  excavation.  coDcrctlng. 
forms,  floor  finish,  steel,  etc.  AU  time  was  chuKed  agKlnrt  Its 
proper  account  in  such  a  way  as  to  show  the  date,  kind  of  work, 
total  time,  and  wace  rate,  a.8  shown  br  the  accompanylnK  form. 

The  total  number  of  hours  In  the  analysis  was  checked  up  each 
day  with  the  total  number  of  hours  on  the  timekeeper's  dieets. 
At  the  end  of  each  week  the  total  coat  of  each  kind  of  work  for 
the  week  and  the  unit  cOBt  were  figured  up  and  a  sunrniary  made  of 
the  totals  of  the  different  accounts.  This  total  was  then  compered 
with  the  pay-roIL  If  everything  has  been  carried  thraugh  correctly, 
the  two  totals  should  check  within  a  few  dollara  Tbey  will  not 
check  exactly,  as  average  wage  rates  are  used  In  the  cost  keeping. 

Wagei. — As  cost  figures  do  not  mean  much  unless  the  rates  of 
wages  are  known,  the  average  rates  paid  will  be  given.  Tbey  are 
as  tollowa: 

Conunon  labor,  as  used  In  excavating,  unloading  materials^  and 
unskilled  work,  Xt^  eta  per  hour;  foreman,  30  cla  ;  concrete  labor. 
19  cts.  per  hour;  foreman.  40  eta;  steel  labor,  2G  cts.  per  hour; 
foreman.  30  cts  :  form  labor,  used  for  stripping  and  rou^  carpenter 
work,  30  cts.:  carpenters  11  cts.  per  hour,  and  foreman,  SO  eta 

Coat  of  Vnloodtng  Materialf. — Cement  Is  usually  unloaded  by 
laborers  carrying  the  bags  on  their  shoulders  from  the  car.  or  by 
wheeling  In  wheelbarrowa  If  a  car  can  be  unloaded  direct  from  tbe 
CAT  into  the  storage  shed,  with  very  little  carrying:,  six  men  can 
unload  flOO  bags  equivalent  to  150  bbla,  in  S  hours,  at  a  unit  coat  of 
2  eta  per  bbl.  If  unloaded  by  wheelbarrows  with  a  distance  of  100 
ft.  it  will  cost  i  ctK.  per  bbl.,  but  may  rtin  up  to  E  eta.  or  •  CU.  IT 
the  men  are  not  handled  In  the  proper  manner. 

Band  and  gravel  will  coat  on  an  average  of  8  eta.  per  cu.  yd.  for 
unloading,  laborera  shoveling  it  from  tbe  car  to  the  storage  pUa 
nearby.  The  cost  varies  from  0  to  10  eta.,  depending  upon  coo- 
dlUona 

Reinforcing  steel  bars  can  be  unloaded  at  a  coat  varying  Iran 
JS  eta  to  (3.00  per  ton.  depending  upon  the  carrrfng  distance.  Here 
are  some  actual  costs: 

Unloading  K  In.  x  ZD  ft.  twisted  steel,  from  box  cars  and  piling 
It  on  ground  beside  car  ti  cts.  per  ton. 

Unloading  from  gondola  cars,  carrying  300  fL  and  piling  on  radts 
In  steel  shed,  tl.OO  per  ton. 

The  unloading  of  lumber  differs  considerably  In  cost,  Muoe 
depMidIng  upon  the  distance  carried  and  the  slse  of  the  atlcka.  It 
was  found,  however,  from  our  records  that  it  cost  from  70  oto.  to 
(1.00  per  l.OOD  ft.  B.  U.  to  unload,  haul  ZOO  ft.  and  pUe.  torn.- 
•hsatiilng. 

rorm  Work. — The  cost  of  form  work  Is  tbe  most  dUBcult  coat 
to  get  In  reinforced  concrete  construction.  This  Is  evecially  ao  In 
regard  to  the  making  of  forms,  as  the  work  on  construction  Job*  Is 
usually  done  In  such  a  manner  that  It  is  hard  to  distribute  the  ooMs 
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properlr  and  have  the  correct  amount  of  work  done,  reported.  Tho 
coat  work  bere  referred  to  was  not  started  in  the  beat  way  to  give 
Kood  coats  of  the  maklngr  ot  forms  and  for  that  reasoa  the  coats 
ol  making  forms  will  not  be  as  complete  as  mlxht  be.  The  unit  costs 
were  figured  on  the  numt>er  ol  square  feet  of  form  surface  In  contact 
with  the  concrete. 

The  following;  are  some  of  the  labor  coats  of  forms  made  In  a  Held 
carpenter  shop,  which  consisted  of  two  saw  machines,  a  planing 
and  a  boring  machine,  with  a  shop  foreman  in  charge. 

Per  sq.  ft. 
of  surface. 

Columns  eta 

Olrders  and  beams E  eta 

Floor  panels S  eta 

Wall    panels S  eta 

tie  cost  of  setting  forms  for  the  floors,  which  Included  time 
anient  In  the  moving  of  the  forms  from  one  floor  to  another,  erecting 
and  setting  the  forms  of  columns,  beama.  and  floor  panels  and  the 
falsework  supporting  them,  was  figured  per  sq.  ft.  of  floor  surface. 
The  costs  of  different  floor  sel-ups  varied,  because  the  men  at  flret 
were  unskilled  and  not  well  organised.  From  l.SOO  to  1,800  sq.  ft 
of  Boor  were  set  up  In  a  dar.  These  costs  ranged  from  13  eta  per 
oq.  ft.  for  the  flrst  set-up  to  4.T  cts.  for  the  roof  set-up.  making  an 
average  of  B.4  eta  per  aq.  ft 

The  stripping  of  the  floor  forms  cost  from  2.E  cts.  to  1.5  eta  p«r 
M.  ft,  or  an  average  of  1.9  eta  per  sq.  ft.  of  floor.  This  makes 
the  coat  of  setting  up  and  stripping  of  forma  for  floors  average  lO.S 
eta  per  sq.  ft  ot  floor. 

The  curtain  walla  between  columna  were  put  In  place  after  the 
floors  and  cost  from  C  to  10  eta  per  sq.  ft.  of  form  surface  for 
setting  up,  or  an  average  ot  S  els.  The  coat  of  stripping  these  was 
H  ct  per  sq.  ft  Partition  walla  and  outside  plain  walls  coat  from 
4  to  8  eta  per  sq.  ft  of  form  surface  or  an  average  of  E  eta  for 
•ettlng  and  H   ct  per  sq.  ft  for  atrlpplng. 

R^nforcing  Stttt. — Tbe  steel  used  for  reinforcing  was  twisted 
roda  Tbe  column  cage«  Iieam  and  girder  reinforcements  were 
made  up  Into  units  in  the  ateel  yard.  From  there  they  were  carried 
and  hoisted  to  the  different  floora  as  they  were  made  ready  for 
ctmcretlng.  and  were  put  In  place  by  the  steel  gang  before  con- 
creting.   The  floor  ateel  was  placed  as  the  floor  was  concreted. 

Tbe  coat  of  the  steel  work  la  divided  as  follows; 

Per  ton. 

■  Unloading   t  S.OO 

Making  up  Bteel E.SO 


Total    tl0.iG 

Coitorttino. — The  labor  coata  In  cencretlng  vary  a  great  deal  with 
the  plant  and  method  of  conveying.  On  this  work,  the  concrete 
«r)M  maeblne  mixed,  the  RiaterlaJa  being  run  into  storage  hoppera 
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over  the  mixer,  by  a  aelf  aumplDg  car.  on  an  inclined  tn^k,  from 
the  material  pile,  where  It  waa  loaded  by  band.  Th«  concrete  aftir 
belns  mixed,  Waa  raised  to  the  proper  floor  by  a  botst,  wblclt  dumiMd 
automatically  Into  a  hopper.  From  this  hopper  tba  concrete  mw 
wheeled  to  the  desired  location  by  means  of  concrete  carta.  The 
greatest  wheellns  distance  was  3EQ  ft.  and  the  least  GO  ft.,  mwitlng 
the  average  distance  200  (t.  The  costs  of  concretlni;  columns  and 
Hoors  ranged  (ram  2.8  cts.  to  4.S  cts.  per  cu.  ft.,  or  an  averaxe  eoM 
of  3.6  cts.  per  C1J.  ft 

In  concreting  tootlngH,  the  material  was  moved  to  the  mixer  by 
means  of  wheelbarrowB  Instead  of  self  dumpins  cars,  and  wheeled 
to  the  desired  ItKBtlon  over  plank  runs.  Under  thew  conditions  the 
cost  of  concreting  was  E  cts.,  with  the  carrying  distance  the  same 
as  for  the  floors. 

Cost  of  Reinforced  Concrete  Factory.*— Hr.  D.  L.  C.  RBrmond 
gives  the  following  relative  to  a.  building  erected  In  1901  at  Walker- 
vllle,  Ontario.  It  Is  a  two  story  factory,  100  x  100  ft.,  with  IS  R. 
clearance  ou  the  flrst  floor  and  12  ft.  on  Che  second.  It  Is  akeletim 
type  of  construction,  IS  x  16  (t.  floor  panels,  and  G-ln.  curtain  walla 
Steal  rods  were  used  for  reinforcement  with  wire  meab  In  the  slaba 
A  1 :2  ;4  mixture  was  used,  the  mortar  finish  on  the  floors  being  1  :t. 

The  columns  and  beam  forms  were  2-tn.  dressed  pine,  suntorted 
by  4  I  4  stuff.  The  floor  forme  were  1  In.  laid  on  2  x  1  pieces  spaced 
IS  ins. 

The  men  were  all  green  at  the  woric  There  wero  817  cu.  yda.  of 
concrete,  the  coat  of  which  was  as  follows : 

ilateriata:  Total.  Per  en.  yd. 

Cement  at  t2.0E  per  bbl f  S.214     |  3.91 

Sand  and  gravel  at  (1.15  per  cu.  yd. 1,054  l.K 

Relntorcsnent  at  tG5  per  ton S,!I4  I.T3 

Lumber  for  forms  at  |2T  per  H. 4,944        6.84 

Nails   107         0.1J 

Total   materials tll,731     tIS.8( 

Building  runs,  mixing  and  hoisting  ooncrate.t  871     |  1.43 

Placing  and  Camping  concrete iii  O.CS 

Placing    reinforcement 221  0.26 

Stripping  and  cleaning  forms,  etc. 380  0.1& 

Carpenters  building  and  setting  foraia 2,010  1.38 

Superintendence    TI4  0.S4 

Tools  and  depreciation  of  plant 238  0.40 

Total    labor I  6,097     f  8.01 

Qrand  total 16,820       19.88 

It  Will  be  noted  that  no  salvage  Is  allowed  for  the  lumber^  and 
that  216  ft.  B.  H.  were  used  per  cu.  yd.  of  concrete.  The  canMnter 
work  on  the  lumber  cost  III  per  H.  The  cost  of  strlpplitg  lumber 
and  cleaning  up  amounted  to  a  little  more  than  fl  per  H. 

There  were  100  Iba  of  reinforcement  per  cu.  yd.,  and  the  lalMr 
of  placing  It  was  only  a  trifle  more  than  M  Ct.  per  lb. 

•BnufneertuB-ConlrocHnp,  Apr.  19,  IS08. 
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TbiB  building  contelned  about  }20.0I)0  cu.  ft.  of  apace  Hence  the 
coat  of  the  concrete' aloDC  was  G<4  cts.  per  cu,  ft.,  which  la  b,  low 
GOHt.  The  coet  per  square  foot  of  Root  area  (2  atoriea)  was  ti  eta., 
not  [QdudlnK  windows,  etc. 

Coat  of  a  HouM  of  SeparKtaly  Molded  Cancreta  Mem  be ra.*— The 
conatructlon  of  a  Uln  house  of  separatelr  molded  reinforced  concrete 
columns;  gtrdera  and  slabs  for  the  Edison  Portland  Cement  Works 
at  New  Village.  N.  J.,  was  described  In  our  Issue  of  Oct  Z.  190T. 
<See  also  "Concrete  Construction,"  by  Qlllette  and  Hill.)  This 
article  gave  for  the  Drat  time  costs  of  molding  and  erecting  sepa- 
rately molded  concrete  structural  members  for  building  work.  Since 
It  was  published  the  aame  company  has  built  a  cement  storage 
houee  for  which  the  columns,  girders  and  root  slabs  were  separately 
molded  and  erected.  Tn  a  paper  by  Mr.  W.  H  Hason,  auperlntendent 
Sdison  Portland  Cement  Works,  some  of  the  costs  of  this  later 
irork  were  given.  We  give  these  coats  In  dlfFerent  form  and  more 
fully  analyied  In  the  following  paragraphs, 

Tb«  storage  house  la  144  x  380  ft..  In  plan  wllh  a  clear  height 
of  !0  ft.  The  exterior  walls  are  of  relalnlng  wall  section,  Ihey 
having  to  take  the  thrust  of  the  stored  cement,  and  they  were  built 
tn  place.  Between  walla  are  five  longitudinal  rows  of  columnB;  the 
rows  are  spaced  21  fL  apart  and  the  columna  In  each  row  are  12  ft. 
apart.  Tranaverae  roof  girders  12  ft.  apart  cap  the  calumns  and 
carry  a  roof  of  6  x  li  ft,  x  4-ln.  slabs.  For  column  footings 
e  X  E  X  G-fL  plain  concrete  cubes  with  20-ln.  square  aockets  molded 
In  their  tops  were  used. 

JfiUerlais  OMiI  Labor. — The  concrete  used  was  a  1  :S  mixture,  using 
crushed  run  stone,  all  ot  which  would  pasa  a  K-ln.  screen.  The 
Eldleon  company  furnlabed  b«th  cement  and  atone,  charging  up  the 
cement  at  11  per  barrel  and  the  stone  at  60  cts.  per  cu.  yd.  The 
lumber,  of  which  7,000  ft.  B.  M.,  were  used,  cost  (27  per  thousand. 
The  reinforcing  steel,  ot  which  ZOt.400  Iba  were  used,  coat  delivered 
2.03  eta  per  pound.  A  force  of  23  men  was  employeil :  eleven  of 
ttiem  were  claaaed  aa  carpentera  at  an  average  wage  of  24  eta  per 
hour  and  12  as  laborers  at  an  average  wage  of  15  cts.  per  hour. 

Caattng  Floor  tad  Plant. — The  caating  floor  on  which  the  columns, 
gtrders  and  slabs  were  molded,  was  located  some  half  a  mile  from 
the  building.  A  <Fi  cu.  jrd.  Sansome  mixer  was  set  up  under  the  mill 
conveyor  which  carries  crushed  cement  rock  for  cement  making  to 
th«  atock  houae  and  from  thla  conveyor  the  atone  was  chuted  directly 
iDto  the  mixer  stock  bins  as  wanted.  The  mixer  discharged  directly 
Into  3  cu.  yd.  cars  Which  ran  out  on  n  track  between  casting  floors 
on  each  aide.  The  casting  floors  consisted  of  trowel  Bnlshed  con- 
crete ataba  4  or  G  ina.  thick  laid  on  a  4-In.  sub-base  of  compacted 
cinders.  These  caating  Qoors  coal,  Mr.  Hason  states,  4  cts.  per 
aquare  toot.  8o  far  as  possible,  members  were  cast  side  by  side  and 
In  tiers  ao  as  to  reduce  floor  space  and  form  work.  The  concrete 
cars  discharged  by  QMUt  directly  Into  the  molds,  the  rilxture  being 
mode  wet  enough  to  flow  easily. 

^Bi^|^^n«ttlng-Co<n^Taotlna,  Mar.  18.  1»0B. 
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UolUng  Column*. — There  were  141  columos.  •bavliic  IS  z  18-ln. 
BhaftB  32  ft  long  with  two  trlanKUlar  braclcats  aX  the  top  for  KtrdV 
Beats.  Qnd  each  column  contained  very  closeli'  I.g  cu.  yda  ot 
concrete  and  ZT5  Iba  of  reinforcement  or  closely  3S  lbs.  ot  ited 
per  cubic  yard  ot  concrete.  These  quanCitlen  are  computed  ttuai 
drawlnKB.  The  construction  of  the  forms  for  molding  the  columns 
Is  shown  by  Fig.  7.  Bach  complete  form  contained  about  SIE  fL 
B.  M.  of  lumber  and  seven  were  used  for  molding  141  columns  and 
were  etill  In  good  condition  after  the  work.  The  seven  molds  con- 
tained about  3.116  ft  B.  1£  of  lumber  and  molded  141  X  1.8  —  Its 


Fig.  7. 

cu,  yda  of  concrete,  so  that  the  amount  of  form  lumber  UMd 
cubic  yard  ot  concrete  molded  was  about  9.1  ft.  B.  H.  The  • 
of  molding  per  column  and  per  cubic  yard  were  as  follows: 

Item.  Per  col.  Per  cu.  yd 

Steel  reinforcement $  7,S1  «.70 

Concrete    materials G.1S  1.9« 

Labor,    carpenters 4.27  l.BI 

Labor,  concrete  and  steel l.RG  0.T4 

Total    cost flS.ZT  teas 

Koldina  Glr(lera._There  were  187  gtrders,  each  11  x  IS  Int.  : 
ft  and  each  containlnK  l-^  cu,  yds.  ot  concrete  and  about  tlO  lb 
steel  or  about  168  lbs.  per  cubic  yard  of  concrete. 
Elrder  form  is  shown  by  Fig.  8.  A  complete  fonn  contained  ai>- 
proxlmately  270  ft.  R  U.  of  lumber  and  five  forma,  or  l.ttft  tt- 
B.  M..  were  uaed  for  molding  181  girders;  or  about  t.l  fL  B.  M. 
per  cu.  yd.  ot  concrete  In  glrdera.  It  Should  be  noted  that  many  ot 
the  girders  were  molded  between  other  glrdsra  without  usiag  mnj 
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len  forms  at  all.    The  average  cost  of  nioldlns  a  girder  complete 

ae  follows: 

Item.  Per  girder.  Per  cu,  yd. 

Bteel    t  S.B3         IS.B1 

Concrete   material 3.E1  l.SO 

Carpenter  labor 2.26  l.is 

Labor,  mixing,  placing,  etc. 1.31  0.70 

Totals     1 12.61  16.89 


Jtotding  Roof  Slabs. — The  root  slabs  were  6  x  12  fL  x  1  Ina. 
and  each  contained  O.SS  cu.  yds.  of  concrete  and  about  83  IbB.  of 
reinforcing  steel  or  about  S5  lbs  ot  steel  per  cubic  yard  of  concrete. 
The  stabs  were  molded  In  tiers,  using  the  form  shown  by  Fig.  9, 
made  8  Ina.  deep  so  as  to  be  clamped  onto  each  slab  In  molding  the 
dab  above.  There  are  about  ul  ft.  B.  H.  In  a  slab  form,  as  2i  forms 
molded  720  slabs,  about  2%  It.  B.  U.  ot  form  lumber  were  required 


^«^ 
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Fig. 
per  cable  yard  of  concrete.    The  co 
tollowa: 

Item. 
Steel    

St  of  molding  roof  slabs  was  aa 

Per  Blab.  Percu.yd. 

tl.«9            $1.91 

Totala    

0.40G            0.16 

11.368          11-98 
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Each  Blab  covered  B  z  12  =  72  aq.  ft.  of  roof,  ao  th&t  the  com. 
of  moldlnB  «iu  B.OG  cU.  per  hi.  tt  or  ((.OS  per  104  M-  tt. 

In  ctuitSng  columnB,  girders  and  alKtw  aide  br  aide  and  ia  tlen 
In  contact  the  freih  ooncrete  waa  prevented  from  adherloK  to  tiM 
member  already  molded  by  coating  the  contact  surfScA  of  the 
molded  member  with  two  coats  of  ordinary  wbltewaah.  Thia  metbad 
proved  far  superior  to  uslnK  paper,  as  had  been  done  In  prerloiu 
work.  The  paper  ituck  to  the  concrete  so  fast  that  It  waa  dUBcnlt 
to  mnore  It.  It  ahould  be  noted  also  that  In  the  precedlac  ooM 
flgurai  the  coat  of  form  lumber  Is  apparently  Included  In  "carpenter 
labor."  There  was  T.DOO  ft.  B.  U.  of  form  lumber  at  ttt  par  M.  tt. 
required  tor  molding  1,048  members,  or  atiout  I.SSl  CD.  rdK  of 
concrete.  The  coat  of  form  lumber  per  cubic  yard  of  concrete  waa, 
therefore;  tl89  -i-  l.SSl  =  1S.S6  eta. 

The  labor  cost  of  erecting  the  molded  ooncrets  memliera  with  a 
Browning  locomotive  crane  waa  aa  (allows; 

Pvou.rd. 

Columns    li.Rl 

Girders 1.67 

Boof    Blabs l.li 

The  details  of  thfa  cost  of  erection  and  the  methods  ara  gtrcn  Is 
Gillette  and  Hill's  "Concrete  Conatruction." 

Comparative  Coat  of  Constructing  Two  Identical  Rernforcad  Con- 
crete Bulldlng>-One  of  Separatoly  Molded  Membari  and  On«  «l 
Members  Molded  In  place.*— Mr.  Mason  D.  Pnttt  U  author  of  Um 
folio  wine : 

In  isat  the  Central  Pennsylvania  Traction  Co.  of  Harrlsbnrg:  Fa., 
built  a  car  bam  and  a  repair  shop  of  reinforced  concrete.  probaMy 
the  first  buildings  in  this  country  built  entirely  of  thli  material  for 
this  purpose.  The  buildings  are  one  story  in  hotght  and  were  eon- 
Btructed  In  the  usual  manner  by  erecting  wooden  forms  and  caatlag 
all  concrete  work  In  place.  The  aama  company  haa  Jut  completed 
a  second  bam  adjacent  to  the  one  above  deacrlbed  of  the  aams 
dimensions  as  the  first  bam,  tIl  ;  TE  ft  wide  by  3(0  fL  long.  Tbe 
last  bam  Is  also  of  reinforced  concrete,  but  owlnK  to  condltl<KB 
which  seemed  favorable  for  the  puri>oae,  an  entirely  different  tnode 
of  construction  was  followed.  All  o(  the  members  for  that  porUon 
of  the  building  above  the  foundation  and  floors.  Including  columna 
beama  wait  and  roof  datw,  were  separately  molded  on  the  groand 
and  afterwards  erected  by  means  of  a  traveling  iStltt-leg  derrtck. 
This  method  of  construction  proved  economical  and  owing  to  the 
close  stmllsrlty  of  the  two  buildings  In  bIm  and  general  design  It  Ib 
possible  to  make  an  accurate  comparison  of  the  casta  In  deacrit>liig 
the  two  buildings.  Barn  A  refers  to  the  original  Inilldlng  and  Bam  B 
the  last  one  erected. 

Barn  A  was  built  on  ground  which  was  from  2  to  10  fL  btiow  the 
floor  level.  The  column  footings  were  plac^I  On  solid  ground  «  to 
12  Ina  below  the  aod  and  carried  up  within  1  fL  of  Boor  level,  the 
ground  being  niled  In  after  the  buUdfng  was 

*BiHfi«eerlnff-Co»tracUnff,  Jan.  10,  1010. 
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plan  tbe  tutUdlns  had  three  rows  of  non-reinforced  hexagonal  col- 
umna  waced  16  ft.  centers  longitudinal I7  and  3T  ft.  centers  trsns- 
veraely.  The  roof  condated  of  traQsverse  beams,  testing  on  the 
eoluDins,  lonEltudlnal  purlins  and  a  S-ln.  tfab  cast  In  place,  the  col' 
unias  being  connected  lonKltudlnally  with  beams  S  Ins.  thick  and  Z 
fL  deep. '  After  the  forms  were  removed  from  this  skeleton  the  three 
louKltudtnal  walls  were  flUed  In  place.  Provision  was  made  for 
future  extension  laterally  bjr  costing  brackets  In  the  columns  to 
support  roof  girders  for  an  adjacent  bay.  Tlie  barn  also  had  a  wing 
IE  tL  wide  and  BO  ft.  Iodk.  containing  bam  foreman's  office,  lockers 
and  lavatory  for  the  use  of  motormen,  conductors  and  bam  men. 

Concrete  for  this  building  was  mixed  In  a  rotary  batch  mixer.  Into 
which  the  aggregate  was  dumped  directly  from  wheelbarrows,  and 
the  c«»icrete  distributed  ^m  the  mixer  to  the  Job  In  wheelbarrows 
by  means  of  runs  and  an  elevator  operated  by  a  power  holsL 

Bam  B  was  built  entirely  Independent  from  Bom  J.,  the  first  wall 
being  placed  37  ft.  beyond  the  wall  of  Bam  A,  thus  permitting  the 
Increase  of  the  plant  by  one  addition  bay  In  the  future  by  simply 
adding  a  roof  between  the  two  buildings.  Column  spacing  was  made 
tlM  same  as  Sam  A,  but  the  columns  were  square.  In  order  to 
set  roof  slabs  of  a  sixe  which  could  be  conveniently  handled,  the 
roof  beams  were  graced  ID  ft  centers  and  alternated  In  the  two 
beys.  Thus  on  the  outer  walls  a  root  beam  came  at  every  other 
<»luinn,  while  on  the  center  wall  each  column  carried  a  beam  and  a, 
longitudinal  beam  'between  columns  supported  the  ends  of  two  roof 
beams.  The  roof  proper  consisted  of  slabs.  3%  Ina  thick,  10  ft. 
long  and  I  ft  and  7  ft.  wide,  which  were  laid  directly  on  the  roof 
besma  Two  slabs  at  the  center  of  every  alternate  10  ft  bay  were 
omitted  to  allow  placing  skylights.  The  walls  were  S  ins.  thick,  as 
In  the  caae  of  Bam  A,  but  were  made  up  of  slabs  of  various  sizes. 
These  slabs  were  all  tongued  and  grooved,  aa  were  also  the  columna 
Three-eighths  of  an  inch  was  allowed  for  all  Joints,  the  horliontal 
Joints  being  mortared  as  the  work  was  laid  up  and  the  vertical  Joints 
OJIed  and  pointed  after  everything  was  In  place.  A  small  percentage 
of  reinforcement  was  placed  In  all  slabs  as  an  Insurance  against 
breakage  in  handling. 

The  concrete  for  this  building  was  mixed  In  the  same  mixer  used 
on  Bam  A,  located  at  a  central  point,  the  materials  b^ng  moved  In 
whetiliarrows  aa  before. 

Bam  A  had  about  ISO  ft  of  open  pits  under  each  track,  80  ft 
Of  the  front  end  of  each  bay  being  paved  with  granolithic  floor  and 
naed-as  vaoe  for  washing  cara  Barn  B  had  the  same  arrangement 
In  one  bay,  the  other  bay,  which  was  Intended  tor  storage  purposes 
only,  had  granolithic  floor  from  end  to  end.  The  ground  on  whltli 
Bam  B  was  built  had  been  tilled  In  with  various  materials,  mostly 
dnder  fram  a  nearby  steel  i^nl,  and  excavations  had  to  be  made 
for  all  foundations.  In  the  llgures  given  below,  all  labor  for 
excavatioa  in  both  buildings  Is  omitted.  In  Bam  B  each  column 
had  K  separate  footing  as  In  Bam  A,  which,  however,  was  carried 
to  &  Pdliit  IE  Ina  above  floor  level,  and  provided  with  a  pocket  to 
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recelT6  the  column.  A  layar  of  land  wa<  put  la  ekch  poi&at  w 
Hie  tha  column  good  bMuiog  and  to  sdJUBt  helxht.  A  beam  ll  tn& 
wide  and  i  ft.  d«ep  coiuiected  these  footings,  beliiK  oat  a.(  tbe  hldn 
time  witli  the  footluss. 

The  tracks  were  laid  In  the  atoroKe  bar  and  the  xranollthlc  floor 
can  In  place  at  lli«  time  of  atartlnK  ezcavatlona  tor  the  toimdattoa^ 
and  aa  aoon  as  the  floor  waa  In  place  the  caatlOK  of  beam^  coIdhibi 
and  alaba  becan.  The  beama  and  columna  were  nested  by  j—i^inr 
the  alternate  plecaa  a  suitable  dlatance  apart,  and  after  nanovlK 
the  formi  theae  became  the  forma  for  the  latermediate  plecea.  TSt 
alaba  were  caat  In  piles,  the  enda  being  olfaet  to  enable  rapid  hand- 
ling. The  pieces  were  separated  bj  means  of  40-lb.  waxed  manDa 
paper.  No  dlfllcult]'  whatever  was  experienced  durliiK  the  erectlos  la 
■eparatlng.  In  some  Inatancea  soap  was  used,  but  the  results  wen 
not  as  ■atlsfsctory  and  the  cost  waa  higher  than  with  the  paict. 
The  surface  of  [he  pieces  formed  hj  paper  ospaistlon  idiowed  * 
close,  smooth,  dull  surface,  except  for  the  wrinkles  formad  bf 
the  paper,  which  waa  not  heavy  enough  to  prevent  wrlnkiinK.  The 
paper  waa  also  responsible  for  other  defects  in  the  surface  Sniili. 
owing  to  the  mortar  running  in  between  Joints  where  the  papir 
overlapped  and  forming  thin  slivers.  The  paper  was  easilr  rammed 
with  water  from  a  1-in.  hose,  with  nossle  ^  In.  The  top  surlacM 
of  all  pieces,  of  course,  were  troweled.  This  gave  a  rather  VBrleK*ted 
wall  surlace  to  the  structure,  but  a.  coat  of  cemeitt  wash  ualng  a  tUa 
mixture  of  about  equal  parts  of  cement  and  llmestooe  dust  appUt< 
with  whitewash  brushes  produced  a  fslrly  uniform  appearanca 
This  method  of  constructlOD  Involved  the  use  of  allghtlr  dmc* 
reinforcing  steel  and  a  larger  yardage  of  concrete^  but  the  saTtK 
In  forms,  lumber  and  carpenter  work  was  more  than  suOdent  to  pT 
for  this  difference  and  the  additional  cost  of  derrldc  and  erecUan 
labor. 

The  number  of  loose  pieces  reQUlr«d  wa«  1,400.  nieae  were  com- 
pletely erected  In  33  working  days,  with  a.  loss  of  only  three  dabs 
from   breatcage. 

The  derrick  uaod  was  a  standard  stltt-leg  with  OO-ft  boom  and 
18-ft.  mast,  mounted  on  a  truck  so  that  It  cooW  be  ma*ed  around 
the  work.     Power  was  furnished  by  a  regular  street  railway  motv 
through  a  gear  bolted  to  the  flywheel  on  the  driving  sbaft  af  a 
two-drum   hoist,   the   motor    being   equipped   with   standard   atrec< 
railway  controller  and  suitable  resistance  colls.     A  tractton  ccm- 
pany  motorman  operated  the  hoist  and  a  rigger  crew  idaced  tb* 
material.    The  heaviest  pieces  handled  were  the  roof  beaian,  whSdi   : 
weighed  ly,   to  S  tons.     A  number  of  veclol  dertces  were  used  ta   j 
handle  the  various  pieces.    For  the  heavy  beams  a  loop  was  tormld 
at  the  Quarter  points  by  bending  a  reinforcing  rod.  bringing  it  ftorii    | 
with  the  top  of  the  beam  and  scooping  out  a  portion  of  the  codcim*   i 
while  green,  and  a  special  hook  used  to  engage  thla  loov-     Tbtas   ! 
hooks  entered   the   slotted  ends   of  a  steel   spreader.     TM   rig  wo* 
thus  adjustable  for  variable  spacing  of  the  lo^M  and  for  balancing. 
The  slabs  were  handled  by  means  of  sllnga,  boles  balDg  formed  In 
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TABUi  XIL— Cost  o 


CONCBETI    I 


Sbpakatelt   Uoldbd  Concbktb 


Cab  Barm. 

Fonndatlona  and  Floors,  710  cu.  yds. : 
Jfotorlals.' 

atoiH)  at   tl.26  cu.  yd t 

Sand  at  |1.S0  cu.  yd. 

Cement  at  tl.lG  bbL 

Steel  


TotaL       Per  cu.yd. 


Total    t  1,2*1.60       t  i.( 


Flaclnx  relnrerccment. . 
ConcretlnK    


Total    I  1,805.00        f   2.6B 


Stone  at  I1.2S  cU,  yd. 
Sand  Bt  11.30  en.  yd. 
Coinent  at  fl-IS  bW.. 


Total    t  6.481.00 


Bending  and   placlns   reinforcement  360.00 

ConcTStlnc    1,162.00 

Erection     1.7T8.O0 

Pointing'  and  cement  wash 017.00 


Total    . 


4,72t.00        I  6.0^ 


Total  labor  and  materlala (10,204.00       tl0.9o 

Total*  1,<18  cu.  yda ]E,!)2.E0  9.245 

Area  covered  by  building.  160  X  75  ft  =  !7,000  aq.  ft 

Coat  of  foundations  and  floora IB.s  cl&  per  aq.  ft. 

Co«  of   buIldinK 310  eta.  per  aq.  ft. 


Total    . 


.  .56.6  c 
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Tabu  Xllt.— COHf  AKMOK  op  Cost  B>rwnM  Cab  Baxni,  Swa>at«i.t 

HOUIVD   AHP   CaBT    in    PI.AGB. 

(Avenice  IneludlnK  Foundatloiu  and  Saperstmcture.} 

Bam  A.  C8«pu«ldr 
Matariatt!                             (CoMlnplac*.)  nwldaa piece*. ) 

Stone,  sand  and  cemoit t  1.1M  IS.4ai 

Steal    reln(oro«ment Sll  l.MI 

I^umber    I.SIG  .481 

Paper    .W* 

Tool!,  wheelbarrows,  etc I4E  .HE 

Total     I   6.876  (6.186 

Carpenters t  S.IBO  IO.«B 


InK  and  placing  ateel. . 

'etlns   . 


ConcreUns 

Breotlon    i.vsv 

Total    t   6.6EG  fUlt 

Total  cost  per  cu.  yd. Ill.ltO  t*->46 

Dir.  In  favor  Barn  B t  1186 

the  Blabs  with  a.  short  section  of  fl-ln.  SU  ptpe  for  recelring  bolts. 
In  setting  up  the  side  walls,  theae  holes  wer«  used  to  fasten  t  x  4-ln. 
sticks  on  each  aide  of  (he  three  wall  slabs  of  each  bay,  thus  kMpfaw 
Ihcm  In  line,  and  by  means  at  props.  In  a  vertical  position  until 
erection  had  proceeded  far  enough  to  remove  them. 

Table  XII  gives  complete  detailed  cost  of  all  the  concrete  work  in 
Barn  B. 

Table  XIII  Is  a  comparison  of  the  average  costs  of  all  Ibe  con- 
crete work  on  Barns  A  and  B,  the  flgurea  covering  all  charges 
except  general  supervlalon.  The  concrete  aggregate  Is  put  at  sanie 
Bgure  In  each  to  eliminate  any  difference  In  unit  coat  of  theae 
materials.  The  mix  was  practically  the  same  in  enc)),  the  largest 
percentage  being  1  -.t  -A.  Unit  costs  for  labor  were  the  same  in 
both  cases,  vli, :  ordinary  labor,  fl.iG  per  day,  and  carpenters.  tS.5> 

It  will  be  noted  more  steel  was  required  in  B,  but  very  much  leiw 
form  material  and  latior.  The  roof  of  Bam  B  required  more  con- 
crete, as  all  beams  and  alaba  liad  to  be  treated  as  simple  merotwra. 
whereas  In  Barn  A  full  advantage  was  taken  of  the  T  aectitHia 
Making  Cull  allowance  tor  these  differences  the  actual  coat  of  the 
concrete  structure  of  Barn  A  oi'er  Bam  B  was  IE  per  cent.  Both 
buildings  were  constructed  by  day  labor  from  ptams  made  by  the 
writer  and  under  bla  direct  supervision. 

Cost  of  Metal  Forms  Far  Concrete  Building  Work.* — In  Bngt- 
neeritm-Cantraetlnff  tar  Sept   II,   1908,   we  < 

■Bn^lneerlnff-CoiitrafTtlnir,  Feb.  : 
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metal  eolunm  and  floor  torms  for  concrete  bulIdlnK  work  that  had 
tteen  worked  out  t>y  Hr.  W.  I.  Caldwell  of  Canton,  Ohio.  In  a 
[taper  read  at  the  recent  annual  convention  of  the  National  Cement 
Uoere'  Aseoclatlon  Hr.  Caldwell  slvee  some  eBtimatee  of  the  cost 
of  theee  forma  which  are  of  IntereeL  These  coats  are  baaed  on  a 
16-ln.  square  column,  with  a  slrder  benm  S  Ins.  wide  and  18  Ins. 
deep  below  floor  alab,  and  with  the  lateral  beams  6  Ins.  wide  and 
11  ina.  deep,  and  floor  alab  4  Ina.  thick. 

For  a  structure  of  this  character,  Mr.  Caldwell  recommends  the 
use  of  lO-Kaxe  material  tor  the  angles  at  the  four  corners  of  the 
columns,  14-BaKe  for  the  lining  of  the  columns,  14-gaKe  for  the 
girder  boxes.  IS-gage  for  the  lateral  beam  boxes  and  IS-gage 
material  lor  the  channel  boards  forming  the  Intercolumn  area  for 
carrying  the  floor  slab,  with  all  necessary  reinforcing  angles,  bolts, 
«tc,  to  set  up  the  work  complete  ready  tor  raoslving  the  concrete. 

Tb*  costs  are  as  follows; 

Column  centering  per  lineal  foot 11.76 

Qlrder  centering  per  lineal  foot 1.06 

l^teial  beam  centering  per  ilneal  toot 0.50 

Floor  area  per  square  foot DISH 

Adjustable  girder  and  txam  t>ax  posts  per  Itn.  fL . .   O.OE 

Throwing  the  cost  of  all  of  these  Items  axalnst  the  floor  area, 
the  average  Is  about  4E  cts.  per  sq.  ft. 

This  price  Is  arrived  at  by  taking  a  buIldloB  SO  x  100  fL  with 
28  coltimna  and  IS  baya  or  interniediB.te  column  spaces,  each  siiace 
or  bay  containing  2ST  sq.  It-,  in  round  numtiers,  each  bay  divided  by 
two  Intermediate  croee  beama.  or  three  spans  to  each  bay.  These 
figures  will  vary  aomewbal  with  the  different  types  of  buildings  but 
Will  give,  it  is  stated,  a  fair  idea  ot  the  average  coat- 
Under  ordinary  conditions  these  centers  can  be  erected  at  a  cost 
Ot  approximately  1  It  eta  per  sij.  tL  tor  labor. 

Cost  of  Concrete  Bulldlnn  Biocks.^Mr.  L.  L.  Bingham  gives  the 
following  data.  Letters  were  sent  (1S05)  to  more  than  a  hundred 
makers  of  concrete  blocks  In  Iowa.  Moat  of  the  replies  gave  data 
relating  to  blocks  for  walls  10  Ina  thick.  The  average  cost  per 
square  toot  of  blocks  tor  a  10-in.  wall  was: 

Cts. 

Band ro 

Cement,  at  11.80  per  bbL 4.S 

Labor,  at  11.83  per  day 3.S 

Total,  per  sq.  ft. 10.3 

nie  labor  ot  making  the  blocks  Includes  mixing,  molding,  sprink- 
ling, piling  and  re-piling  during  or  otter  curing.  The  average  out- 
put per  man  was  18^  sq,  ri.  11%  cu.  yds.)  per  day. 

The  10!,j|  eta.  however,  does  not  Include  all  costs  of  manufacture, 
tor  It  does  not  Include  Interest,  depreciation  and  repairs,  purciiase 
ot  improved  machinery,  superintendence  end  oBIce  eicpenae.  One 
maker  who  turned  out  20,000  blocks  (40  car  loads)  had  a  general 
«xpense  ot  nearly  E  cts.  per  sq.  It.,  besldea  the  above  given  lOK  eta. 
The  Belling  price  of  10-ln.  blocks  averaged  21  ctn.  per  sq.  ft.  of  wall. 
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Coit  of  Concnt*  Bulldlnoi,  Rafaraneai.— Far  further  data  od  »itn 
«ub]ect  conmilt  "Concrete  Conatructlon"  by  Gillette  aad  HilL 

Weight  of  Steel  In  BulldlnBa>— Mr.  H.  G.  Tyrrell  atstea  that 
welKht  of  steel  for  bulldlnsH  not  more  than  11  atorlea  high  Is 
approximately  aa  (ollowa  per  sq.  ft  of  floor  area : 

Apartment  houaes  and  hotela  with  outilde  frame..   1* 

Apartment  hQueea.  without  outalde  frame s 

Office  buildings,  with  outside  frame Sj 

Office  bulldlngB,  without  outside  frame IB 

Warehouaea.  with  outslds  frame ss 

Warehouses,  without  outalde  frame 18 

Bfr.  Edward  Oodtrey  gives  the  [ollowlne:; 

The  PhlppB  Power  BulldinK,  PlttSburK,  Pa.,  la  100x100  fL,  10 
stories  hiKh,  the  flrat  three  storlea  being  t1  (t.,  the  rest  being  11  ft. 
floor  to  floor.  The  live  load  was  assumed  at  260  Iba  per  sq.  ft.  The 
total  weight  of  steel  and  caatlngs  was  S,T42,G0O  Iba,  or  I.E  lbs.  per 
cu.  fL  of  volume  of  building.  Of  this  weight.  I,SZB.400  lbs.  were  In 
the  columns,  and  305,600  Iba  In  the  3S  cast  Iron  column  I>BBea 

The  following  Is  the  weight  of  steel  In  other  Pittsburg  buUdlnss: 

eutt 

Arrott  Building   2.8 

Farmers  Bank  Building 2.3 

Empire  Building £.1 

Oliver  Building  l.g 

Mr.  J.  S,  Brennc  gives  the  following  estimate  of  the  cost  of  the 
steel   frBmenork   of  an   office   building.      The    building  Is  GO   x    100 

ft..  J«  storlee  high  In  the  front  and  13  stories  high  in  the  rear. 
The  flrst  story  la  IT  ft.  high,  and  >l11  otheia  are  33  ft  high  from 
Roor  line  to  floor  line.  AH  curtain  walla  (outside  walla)  are  IS  Ina. 
thick ;  Icalda  tile  partltloos  4  Ins.  thick ;  ttoors  of  concrete.  Llvs 
loads  are  assumed  at  60  lbs.  per  sii.  ft.;  dead  loads  are  76  Iba. 
per  SQ.  ft.  Ualng  outside  dimensions,  there  are  746,000  cu.  ft.  In 
the  building,  and  the  steel  weighs  796  tons,  or  2. IS  Iba  per  cu.  ft. 
of  building.     The  price  of  the  steel  la  estimated  at  S  cts.  per  lb. 

Weight  or  Park  Row  Bidg.,  Nsw  York.— The  main  part  la  M 
stories  high,  aurmounted  by  two  4-8tar7  lowers.  The  area  covered 
Is  16,000  sq.  ft  It  rests  on  3,600  piles.  The  basement  was  ez> 
cavated  34  ft  below  the  street  level. 

The  weight  of  the  building  Is: 

Steel  S,000 

Masonry  and  other  materials G0.200 

Total    «.200 

The  estimated  cost  <ln  1006)   was  12,000,000. 
The  total  height  from  street  level  to  top  of  cupolas  on  towera 
ts  380  ft     The  first  story  la  IT  ft  high  In  th«  dear,  the  moodA  is 
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13  ft.,  the  third  and  fourth  bi«  12  ft,  the  fifth  la  11  tt,  the 
reat  wre  »  (t.  11  Iqb.  tn  the  clear. 

Weight  of  Steel  Dome.— The  ateel  dome  of  the  Emporium  build' 
ing;  Son  FthdcIbco,  1b  1D£  ft.  dlKm«tsr  and  EI  tt.  high,  mi  mounted 
by  a  "lantern,"  2Z%  ft.  diameter  and  IS  ft.  high.  The  weight  Is 
too   tons. 

1  the 
Ind. 

Its  ipan  Is  19E  ft  c  to  c.  of  pins.  It  IB  an  aggregation  of  tWO- 
blnge  archea,  a  drum  at  the  center  forming  their  common  connec- 
tion. TUm  weight.  Including  the  rteel  framework  and  Its  covering 
la  4TG,000  lbs.,  or  about  IG  lbs.  per  3H.  ft.  of  horlxontal  prolectlon 
ot  root  surface. 

Weight  of  Steel  J^ch  Roof.—The  Oovemment  building  at  the 
St.  Louis  Exhibition  in  1904  contained  ateel  roof  trusees.  which 
were  three-hinged  arches  of  171  ft.  span  and  70  ft.  rise.  The 
trusses  were  spaced  3B  fL  c.  to  c  The  weight  per  sauare  foot  of 
horlsontal  projection  was : 

Lba 
eteel  13.1 


Weight  o(  Steel  Fink  Roof  Trusses.— Mr.  H.  O.  Tyrrell  gives  the 
[oHowIng  formula  for  the  weight  of  steel  roof  trusBee.  t>aaed  upon 
data  at  148  aeparate  trussea  The  weight  Includes  trusses  complete, 
with  rafter  clips  and  shoe  plates,  but  without  ventilators. 


W  =  weight  ( Ibe.  >  per  sq.  tt.  o(  ground. 
Ssspan  In  feet. 
i)  =  distance  (In  feet>  c.  to  c, 

•tesl  Frame,  St.  kouls  Coliseum.— Hr.  E.  W.  Stem  gives  the  fol- 
lowing relative  to  a  coliseum  built  In  1SS7.  The  steel  frame  (or  the 
roof  Is  an  oblong  dome,  186  x  iH  ft.  The  4  main  truBBea  are  three- 
hinged  arches.  171  ft.  span.  There  are  6  radial  truEses  at  each  end 
of  the  building.  A  traveler  derrick,  M  fu  long,  31  It.  wide,  and 
42  ft  high,  carried  two  derricks  used  to  erect  the  trusMts.  The  total 
weight  of  steel  was  B.EOO  tons.  There  were  4,183  days'  labor  spent 
on  the  work  In  the  shops,  and  S,EEO  days'  labor  for  erection,  tlw 
average  number  of  men  In  the  erecting  force  being  BO. 

Each  of  the  main  arches  weighed  64.OD0  lba  ;  each  radial  arch, 
Zl.OOO  lbs, 

Materials  In  Large  Qraln  Elevator. — A  fireproof  grain  elevator, 
having  a  capacity  of  3.100,000  buahela.  was  built  In  1900  (or  the 
Great  Northern  I^.,  at  West  Superior.  Wis.     It  Is  IZ4  i  304  ft  In 


1174  HANDBOOK  OF  COST  DATA. 

plan  and  Ht  ft.  high.     It  haa  GOG  ateel  blni;    It  rata  on  a  pile  aoS 
grUla^e  (oundatlon.    The  following  ore  the  quantltlea ; 
Foundation  and  Walli  In  Main  Stoir: 

Pliea.  number <.BT* 

Timber  and  iheet  slllng,  H 3g» 

Bxcavatlon.   cu,   yda ZI.OOD 

Masonry,  cu.   yd>. I.SOO 

Concrete,  cu.  yda t.OOO 

Cut  atone,  cu.  ft. I.IOB 

Brick,   cu.   tX. 45,000 

Superstructure: 

Structure  tmlow  blnii  tons t.SGO 

Bin*  DTtHier,   tons 0,CftO 

Cupola,  fons 1,<60 

Legs  and  spouts  belov  bin  floor,  tons 4E0 

Legs  and  spouts  above  bin  Soar,  tons IE* 

Total  steel,  tons 10,«)e 

Tber«  are  42  electric  motors  having  n  total  of  S,110  hp. 

Cost  of  Fabricating  and  Ervding  «tael  Mill  and  Mine  Buildings — 
The  following  Is  a  Bummary  ol  data,  given  in  Ketchum's  "SMtf 
Hill  Buildings,"  a  book  containing  much  excelleni  Information  on 
estimating  steel  work : 

The  drawings  for  steel  mill  buildings  usually  show  only  tha 
dimensions  ol  the  "main  members."  The  estimator  usually  calcu- 
lates the  welshts  of  these  main  meml>ers  and  adds  a  percentage  to 
provide  for  the  weight  of  the  "details."  The  "details"  are  the  plates 
and  rivets  used  In  CaatenlnE  the  main  members  together.  The 
weight  of  the  "details"  of  trusses  will  commonly  be  16  to  25%  of 
the  weight  of  the  "main  members."  being  usually  nearer  15%. 
After  computing  the  actual  weights  of  details  for  a  few  buildings,  the 
estimator  will  seldom  blunder  In  computing  by  percentages. 

In  estimating  the  weight  of  corrugated  steel,  add  15%  for  laps 
where  the  side  lap  Is  two  corrugations,  and  the  end  lap  Is  t  Ins. : 
add  ie%  where  the  side  lap  Is  one  corrugation  and  the  end  lap  Is 
4  Ins.  Corrugated  steel  Is  usually  made  with  corrugations  t>ii  Ina 
Wide  (from  ridge  to  ridge)  and  K-ln.  deep.  The  thickness  of  the 
steel  Is  usually  given  in  V.  S.  Standard  Qage.  The  following  are 
tb*  weights  per  100  aq,  ft.  of  black  corrugated  steel: 

Gage.    No. IB        IS        20       22        H        2«        S8 

Lbs.  per  100  sq.  tt.STG      120     IBS      IS8     111        84       tt 

Add  10  lbs.  per  100  sq.  ft  If  the  steel  Is  galvanised. 

The  cost  of  steel  mill  buildings  Is  divided  Into  four  Items:  (1> 
cost  of  steel;  (2)  cost  of  shop  work;  (t)  oost  of  transportation, 
and  (4)  cost  of  erection.  The  price  ot  structural  ated  may  t>e  found 
In  current  numbers  of  "Iron  Age."  published  In  New  Tort  The 
price  Is  now  (1905)  about  1.8  cts.  per  lb.  at  New  York. 

The  following  are  actual  shop  costs.  In  &  shop  having  a  capacity 
Of  1,000  tens  per  month,  and  with  labor  enlmated  at  40  cts.  per  br., 
which  Includes  also  the  cost  of  management  and  the  cost  of  operating 
and  maintaining  the  shop  equipment: 
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Colt  ot  ehoP'iTork : 
Columna,  made  of  £  channels  and  Z  platea,  1,000  lbs. ....  0.8 

ColunuiB.  made  o(  aluKle  I-beam,  or  single  angle 0.6 

Columns.  Z-bar 0.8 

Columns,  plain,  caot  Iron O.S  to  l.t 

RlvelBd  roof-trusses,  l.OOO  lbs.  each l.I 

Riveted  roof-trusses,    i.GOD   lbs.   each 1.0 

Riveted  roof-lrusses,  i.SDO   lbs.  each 0.8 

Riveted  roof-trusses,  3,500  to  7,600  lbs.  each 0.<  to  0.7S 

Plate-glrderB.  for  crane  girders  and  iloors 0.0  to  1.3 

B:ye-bars.  *1  x  J  Ina  x  li  to  30  ft. l.Z  to  1.8 

E^ye-bars,  large 0.6  to  0.8 

Sceel  frame  iranstormer  building;.  flO  x  SO  ft.,  with  ZO-ft. 

posts,    pitch    of   roof    ^4,    65,700    lbs.    steel    framework, 

fDcludine    drafting. . 
Smelter  biHldliiB.  270  t( 


.0  to  2.0 


nelter  biHldlnB.  270  tons,  IncludInK  draltlOK 

— X  sallows  frames,   Inctudinic  drafting. 

Drafting  doBtgn  of  "details"  for   . 

Ordinary  bulldlngE. 0.1  to  0.2 

Headworks  for  mines 0.2  to  0.3 

Roof-tnisaes     O.a  to  0.4 

With  skilled  labor  at  13.60  and  common  labor  at  %i  per  0-hr.  day, 
the  cost  of  erecting  small  buildings  Is  aboul  O.E  ct.  per  lb.,  or  110 
per  ton,  If  trusses  are  riveted  and  other  connsctlons  bolte|L 

The  cost  of  erecting  small  buildings  In  which  all  connections  atv 
bolted  Is  about  0.3  ct.  per  lb.,  or  to  per  ton. 

The  cost  of  erecting  heavy  machine  (hops;  all  material  riveted.  Is 
about  0.J5  ct.  per  lb.,  or  %i  per  ton.  Including  labor  of  painting. 

The  cost  of  erecting  6  gallows  frames  was  0.06  cL  per  lb.,  or  113 
per  ton. 

The  cost  of  laying  corrugated  steel  roof  Is  about  10.75  per  square. 
or  %i  per  ton  for  No.  10  steel,  when  laid  on  plank  sheathing: 
It  la  I1.2G  per  square,  or  tlS  per  ton.  when  laid  directly  on  the 
purlins  r  It  Is  |i  per  square,  or  (34  rwr  ton,  when  Inid  with  anll- 
condensBtlon  rooflng.  The  erection  of  corrugated  >teel  siding  costs 
tO.TE  to  tl.OO  per  square,  or  |9  (o  tl2  per  ton  tor  No.  20  steel. 

Cost  of  Erecting  the  Stsel  In  Bulldlnos-— The  costs  are  given  in 
tons  of  3,000  Ibn.  On  a  four-story,  nreproof  hospital  the  cost  of 
erecting  the  steel  and  cast  Iron  was  S4.S0  per  ton ;  hand  derricks 
were  used,  and  the  work  was  all  dona  by  common  laborers,  at  tl.60 
per  day.  With  a  steam  derrick  the  cost  might  have  been  reduced  to 
13.60  per  ton.  On  m.  three-story  business  block,  under  the  same  con- 
ditions as  before,  the  store  fronts  ware  erected  for  IE  per  ton. 

On  a  large  railroad  machine  shop,  with  structural  steel  workers 
at  40  cts.  per  hr„  the  cost  of  erecting  was  (8  per  ton.  In  this  case 
the  work  was  all  heavy,  the  lightest  tniBS  weighing  6  tona  On  train 
sheds,  and  where  lighter  sections  were  used,  and  where  there  were 
mor«  Qeld  rlveta  to  the  ton,  the  cost  was  tlD-  Ordinarily  there  are 
about  10  Deld  rivets  to  the  ton,  and  It  Is  safe  to  allow  ID  eta  each, 
or  »1  per  ton  for  riveting  alone.  Them  are  buildings  In  which  25 
field  rivets  per  ton  are  required.  The  foregoing  costs  of  steel  erec- 
tion Include  unloading  from  cars,  setting  derricks  and  scaffolding. 

Th«  cost  of  erecting  large  electric  fnnes  Is  about  13  per  ton  If 
put  In  place  directly  from  the  cars.  Add  »1.60  p«r  ton  It  unloaded 
from  cars  before  erecting. 
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The  ateel  minies  of  modem  oIBca  buIIdlnKe  are  uniaJly  erected  b; 
deiTlcka  hl^  enough  to  erect  two  or  three  floors  without  ahlltlug. 
The  ciwt  of  erecting  and  HvetlnK  the  a'eel  l>  |10  to  (IS  per  ton. 
The  trunei  of  nnall  roots  can  be  erected  dieapty  by  the  use  of  one 
or  two  gtn  pole*. 

Area  of  Paiaenger  Stations.— In  the  Proc.  Am.  Ry.  Eng.  and  Ho. 
of  Way  Assoc.,  1904.  a  committee  report  gives  the  average  area,  of 
passenger  stations  for  cities  of  10,000  to  IE, ODD  population  od  31 
different  railways,  as  follows; 

So.  ft. 

WalUng  rooiaa 1.180 

Toilet  rooms 186 

Bannge  rooma.M 43] 

Ticket  offlcea tit 

Total     1,»»7 

Such  a  station  would  mesEure  about  24  x  84  ft.  Inside. 
Cost  of  Moving  a  Frame  Dwelling  House.*— This  building  waa 
moved  atiSecaucus,  N.  J.,  during  tbe  month  of  July,  1901,  under  con- 
tract, to  make  room  tor  freight  yard  extenalons.  The  house  (weigh- 
ing about  60  tona)  wsa  SO  ft.  square,  two  stories  In  height,  with  a. 
one-story  extension  In  the  rear  12x18  ft.,  all  resting  upon  brick 
piers  standing  2  tt  above  level  of  ground.  The  building  was  flrst 
raised  about  14  Ins.  with  Jack  screws  and  blocking.  Several  long  11- 
in.  X  12-ln.  limbera  were  then  placed  under  the  Joists  lengthwise  and 
crosswise,  all  properly  cleated  and  faatened,  care  being  taken  to  sup- 
port the  two  chimneys.  The  movement  was  accompUahed  with  wind- 
lass, team,  driver  and  about  1.000  ft,  of  Z-ln.  manlUa  rope  passed 
through  the  blocks,  the  building  sliding  forward  upon  greased  su|>- 
ports  of  way  of  long  tlmt>ers  blocked  up  to  the  proper  hsl^t.  It 
was  moved  forward  a  distance  of  IIG  ft.,  then  turned  about  90°  and 
pulled  backward  a  distance  ot  13S  fL  to  Its  new  location,  making  a 
total  distance  traveled  of  548  ft. 

During  the  moving  the  force  was  kept  busy  greaalng  timbers  with 
soap  and  carrying  blocking  forward.  At  Intervals  the  movlns 
was  stopped,  the  team  detached  from  the  windlass  and  used  to 
haul  the  long  timbers  ahead.  In  moving  It  was  necessary  to  cross 
over  two  roads  and  pass  under  three  llnea  of  light  and  telephone 
Wires.  Men  were  stationed  upon  the  top  of  the  house  to  lift  tb» 
wires  over  the  roof  and  chlmneya.  Previous  to  moving,  the  buUdloS 
was  strengthened  to  prevent  i-acklng.  by  placing  several  tamporarr 
bents  In  rooms  on  first  floor.  The  only  damage  occurred  from 
plaster  cracking  around  chimneys,  and  this  was  slight-  The  tenant* 
occupied  the  house  during  the  moving  iierlod. 

Wages  for  laborprs  were  12.00  per  day,  hours  from  7  a.  m.  to  t 
p.  m.,  and  half  days  on  Saturday,  for  which  they  received  a  tall 
day'a  pay.  The  foreman  received  (3.60  per  day,  utility  man  tS.OO 
per  day,  night  watchman  12.00  per  day.     Teams  were  paid  at  the 
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rate  ol  fl.GO  per  day  and  TS  cU.  per  day  WM  paid  tor  a  horse. 
During  the  movinK  drivers  worked  aj  laborera. 
The  actual  labor  coat  Ib  divided  sa  loLlowa : 

Percent. 
HaulloK  blocking,  lumber  and  tools  (9  milea 

(or    round   trip) »  37.00         9.1 

Placing  and  removing  blocking  timber*;  rala- 

Ing  and  lowertne  before  and  atter  moving  102.00      S4.6 
MovDig  building  (E4S  ft ) lOS.TS       E8.1 

Total    moving |Z9S,TB      100.0 

The  time  occupied  In  doing  the  work  Including  the  time  lost  tor 
Sundays,  holidays  and  rain  waa  24  dn^s-  Actual  number  of  days 
worked  waa  IS.  The  total  coat  of  this  moving  to  contractor  waa 
(3S7.S0,  the  extra  161. 7E  (added  to  t29E.75)  being  wages  paid  to 
foreman.  2  drivers  and  watchman  for  Sundays,  holidays  and  days 
lost  ^n  account  of  rain. 

For  the  &t>ove  Information  we  are  indebted  to  Ur.  A.  L.  Hoore- 
head,  C.  E. 

References. — Any  one  engaged  In  estimating  the  cost  of  very 
many  tnjlldlngs  will  do  well  to  consult  Arthur's  "Building  Bstl- 
mator,"  Tyrrella  "Ulll  Buildings,"  Ketchum's  "Steel  Mill  Buildings," 
and  ladder's  "Architects'  and  Builders'  Pocket  Book." 

The  prlcea  of  hardware  may  be  obtained  from  "The  Iron  Age 
Standard  Hardware  List"  C|l),  published  by  The  Iron  Age,  New 
Tork  City.  The  current  discounts  are  given  In  The  Iron  Age,  a  copy 
of  which  coats  10  cts. 

The  prices  of  lumber  are  quoled  weekly  In  such  papers  aa  the 
"New  York  Lumber  Trade  Journal."  DlfCerent  mills  issue  catalogs 
giving  price*  of  mill  work. 


SECTION  XI. 
RAILWAYS. 

CroH-RvftrancM  on  Co«  of  Orading — The  reader  la  referred  to 

the  Karth  Excavation  and  E^mbankment  Section,  and  to  the  Rock 
Excavation  Section,  for  coats  of  gradlnK.  The  cost  ol  tunneling  la 
Klveti  on  page  USD,  etc. 

Croia-Raferenc«(  on  BrldsM,  Culverts  and  Bulldlnsl;— For  data 
on  these  aubjects,  consult  the  "Brldsea  and  Culvert  Section,"  tbs 
"Tlmberwork  Section,"  and  the  "BulldlnK  Section."  of  this  bo<*. 
Use  the  Index  tor  the  Item  In  aueatlon. 

Coat  Of  Transporting  Men,  Tool*  and  SupptlH  on  Railroads  for 
Oradlng.* — In  carrying  on  construction  work  it  U  the  custom  of 
railroads  to  charge  to  conatruction  certain  rates  of  fares  on  the 
men  employed,  and  freight  on  tools  and  supplies.  This  charge 
against  the  new  work  Is  credited  to  the  operatinB  department.  ESn- 
glneers  in  the  employ  of  a  railroad  company  In  making  up  eatl- 
nuLtes  for  new  work  must  include  these  charges,  else  the  coat  of  tbe 
work  Is  likely  to  overrun  the  estimate.  To  do  tnia  there  must  to 
Bome  basis  of  tbe  amount  of  work  that  a.  man.  horse  and  machine 
will  do  in  a  given  time,  and  an  approximate  tonnage  of  machines 
and  supplies  needed  to  excavate  b  given  unlL 


The  following  figures  have  been  used  by  one  of  the  editor!  of  this 
Journal  in  estimating  the  cost  of  railroad  construction.  The  Hg- 
urea  of  work  done,  and  men,  horses  and  tools  and  supplies  needed 
are  based  on  large  Jobs  of  construction,  and  ar«  safe  averagea. 
The  farea  for  men  and  the  freight  rates  are  those  ordinarily 
charged  by  railroads  for  such  movement  of  men  and  freltfiL 

The  costs  follow: 

One  haraa  plus  1^  men  readily  excavate  ai.d  move  16  en.  Tda,  of 
earth  per  day.  Hence  allow  3S0  cu.  yds.  per  month  per  horse  and 
SGO  cu.  yda.  per  month  per  man. 

One  man  requ'rea  transportation  at  1  ct  per  mile,  and  trslsht 
on   ZOO   lbs.   of   bedding,   cooking   utensllit   tents,   small   tooli^   etc 
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H«nce  (or  100  miles  transportation  each  way,  or  iOQ  miles  round 

trip,  we  have 

ZOD  passenKer  mllea  at  1  ct. M.OD 

1/10   Ion   beddlnK,   etc.,   200   mtles  at    ^   ct.   per 
ton    mile 10 

Total     IZ.IO 

Since  one  man  will  excavate  SGO  cu.  yds.  per  month,  it  coats  (2.10 
divided  by  ZBO,  or  O.B  ct.  per  cu.  yd.,  I(  the  Job  lasts  only  one 
month;  but  If  the  Job  lasts  four  months  It  costs  O.g  ct.  divided  by 
4.  or  0.2  ct.  per  cu.  yd.,  because  In  that  time  a  man  will  move  4 
times  2G0  cu.  yds.,  or  1,000  cu.  yds.  and  will  only  require  transporta- 
tion once  at  a  cost  ol  fZ.lO.  Other  months  are  In  proportion.  For 
any  other  haul  than  100  miles  multiply  accordingly. 
Bach  horse  requires  the  followInK  equipment: 

Uis. 

U  wheel  scraper,  at  GOO  lbs. ISO 

]A  wagon,  at   2,000   Iha 1,000 

Tents,   harness,  etc 160 

Total 1.600 

Allowing  IE  horses  per  car  of  £4.000  Iba,  each  horse  stands  (or 
freight  equivalent  to  1,GOO  lbs,  hence: 

Lbs. 

Equipment  for  each  horse l.EOO 

Weight    of    horse l.EOO 

Total,  1%   tons  oi- J, 000 

For  each  100  miles  of  haul  we  have,  therefore,  SOO  mtles  round 
trip;   hence  ZOO  miles  x  1^  tons  X  0.4  ct.  =  tl.ZO. 

Since  each  horse  moves  300  cu.  yda  per  month,  we  have  fl.ZO  ■)- 
3«0,  or  0.3  ct.  per  cu.  yd.,  1(  the  Job  lasts  only  one  month.  But  l( 
the  Job  lasts  (our  months  we  have  'A  of  O.S  ct.,  or  O.OTS  ct  per  cu. 
yd.     Other  lengths  of  time  and  other  hauls  are  In  proportion. 

Elach  horse  consumen  %  ton  of  food  per  month;  hence  If  food 
Is  hauled  100  miles  we  have  ^  ton  X  100  mites  X  0.1  ct.  =  30  cts. 

Since  the  horse  moves  360  cu.  yds.  per  month,  we  have  20  cts. 
-t-  tSO.  or  O.OB  ct.  per  cu.  yd.  for  each  100  miles  of  haul. 
Summing  up,  we  have  the  following  costs: 

Cost  per  cu  yd.  for  transportation 
100  miles  and  return. 
Men.    Horsea     Food.     Total. 
Duration  of  work.  Cts         Cts.         Cts.         CIS. 

]    mo. O.BO  0.30  O.OG  I.IG 

4    mos. 0.20  0.08         O.OG  0.33 

<    moa. 0.13  0.05  D.OS  0.33 

g    most 0.10  0.04  0.05  0.13 

It     mos. O.OT  0.03  O.OS  O.IB 

Note.— If  the  haul  Is  300  miles,  multiply  by  1.  U  the  haul  Is  EOO 
miles,  multiply  by  6.     If  the  haul  Is  1,000  mtles,  multiply  by  10. 

The  at>ove  Is  (or  work  done  by  wheel  scrapers  Euid  wagons  and 
carts,  but  for  steam  shcrvel  work  the  followlns;  would  bo  the  ^- 
proxlmate  cost  for  transportation: 
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Three   email  locomotlvea 35 

Pumps,    drilla.   etc 35 

Total      400 

100  tons  X  100  miles  x  0.4  ct.  =  flOO. 

Such  a,  shovel  as  this  wtU  average  at  least  20.000  cu.  yds.  per 
month,  hence  we  have  tl60 -i- 20,000,  or  D.8  ct.  per  cu.  yd.  lor 
transportInK  the  shovel  100  mllea.  This  Is  equivalent  to  I.t  cts.  for 
traoaportlnB  the  shovel  the  round  trip  of  200  mlteB.  when  the  }ob 
lasts  only  one  month.  For  four  months  the  coat  would  tie  U  of  l.B 
cti.,  or  0.1  ct.  per  cu.  yd.  Other  months  would  be  correspondingly 
In  proportion. 

Such  e.  shovel  does  not  consume  more  than  EO  tons  of  fuel  and 
supplies  per  month ;  hence  we  have  ED  tons  X  100  mtles  X  0.1  ct.  s 
124.  Since  with  this  SO  tons  of  fuel  th-^re  are  20.000  cu.  yds.  exca- 
vated, we  have  (24 -:- 20.000,  or  0.12  ct.  per  cu.  yd.  With  such  a 
Shovel  there  will  never  be  more  tlian  40  men  engaged  In  opentUng 
the  shovel,  operating-  the  dump  cars  and  trains,  as  well  as  In  making 
temporary  roadways  and  repairing  equipment ;  hence  each  of  these 
10  men  averages  EOO  cu.  yda  per  month,  which  Is  double  (he  out- 
put where  men  ere  working  with  wheel  scrapers,  carta,  etc.,  as 
above  given :  therefore  the  cost  of  transporting  men  per  cu.  yd.  on 
shovel  work  la  approximately  one-half  the  amount  given  In  the 
previous  table. 

gumming  up  we  have  the  following: 

Cost  per  cu  yd.  for  transportation 

100  miles  and  return. 
Shovel.     Men.       Fuel.       Total 


0    mos. 0.2S  O.OT  0.12  0.16 

12     mos. O.IS  0.0S  0.12  0.2S 

The  above  Is  for  a  haul  o(  100  miles,  and  for  any  other  hauls 
multiply  according  to  the  length  of  hauL 

If  the  workmen  are  of  a  restless  disposition,  and  remain  only  a 
month  or  two  on  the  Job  before  quitting,  the  cost  of  their  transporta- 
tion varies  not  with  the  length  of  the  Job  but  with  the  average  time 
they  remain  on  It     When  they  quit  of  course  their  return  tare  Is 

Cost  of  ThrM  Short  8lngie-Tr>ck  Tunnels.* — Short  tunnels  are 
usually  constructed  at  less  cost  than  long  tunnela,  not  only  becauae 
of  the  less  coat  of  hauling  and  "muck"  and  the  eaae  of  ventilating  the 
tunnel,  but  because  a  very  Inexpensive  plant  can  be  used.  In  limestone 
and  BandEtone  formations  the  present  contract  prices  average  about 
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|4G  per  lln.  rt.  ot  ilDKle-track  tunnel  for  all  lengtha  up  to  1,000  ft. 
or  BO,  euen  where  common  laborers  receive  |2.2&  a.  day.  The  fol- 
towlns  data  give  the  co»t  (at  contract  prloea)  of  three  tunnels  built 
in  the  West,  and,  both  as  to  prices  and  a»to  quautitleH.  these  ex- 
amples will  be  useful  to  engineers  and  contractors: 

TnHNBL  No,  1   (900  LiN.  Ft.). 

Per  lln.  ft. 

Excavating   tunnel HB.OD 

1.7  cu.  yds.  enlargement  lor  llalng,  at  13.00 8.10 

350  fL  B.  M.  timber  lining,  at  »20 7.00 

E.7  lbs,  iron,  at  (0,03 0.17 

Total     (60.87 

Tunnrl  No.  S  (GOO  Lik.  Pr.). 

Per  lln.  ft 
dcaratlng   tunnel IIS.OO 

2.7  cu.  yds.  enlargement,  at  fS.OO B.IO 

370  ft.  B.  M.  lining,  at  120,00 7.40 

e.S  lbs.  Iron,  at  |0.0B 0.17 

Total 100.07 

TUNNBL  No.  3    (400  LiN-  FT.). 

Per  lln.  ft 
Excavating    tunnel M2.E0 

1.8  cu.  yds.  enlargement,  at  18.00 B.40 

400  (t.  B.  M.  Unlng,  at  310.00 8.00 

7.4  lbs.    Iron  at  (O.OS 0.21 

TotaJ     JB9.12 

In  addition  to  the  above  costs  which  are  based  on  the  contractor's 
final  estimate,  there  was  a  cost  of  |3  per  lln.  ft  (or  about  B%) 
tor  engineering  and  superintendence,  and  a  cost  of  fO.SO  per  lin.  ft. 
tor  train  service. 

Colt  of  the  SMmped*  Tunnel.*— Mr.  Charles  W.  Hobart  gives  the 
following  data  on  the  Stampede  or  Cascade  Tunnel  of  the  Northern 
Pacific  R,  R  Bids  were  opened  In  New  Tork  Jan.  21,  18S«,  tor  a 
Mngle-tradc  tunnel,  9.844  ft,  long,  to  be  completed  In  2S  mos.  Of 
the  12  bids,  that  of  Mr.  Nelson  Bennett  was  lowest  and  was 
•ccepted.  A  forfeit  of  (100,000  and  10%  of  the  contract  prtce  tor 
failure  to  complete  within  the  time  was  renulred.  Mr.  Bennett  tele- 
graphed his  general  manager  to  gather  men  and  clear  a  mad  to 
get  the  machinery  on  the  ground.  The  plant  was  purchased  for 
IIOO.ODO  In  New  Tork  and  shipped.  It  consisted  of  5  engines,  2 
water  wheels.  G  air  compressors,  G  hollers  of  TO-hp.  each,  4  fans. 
2  electric  arc  light  plants,  1  miles  of  S-ln,  wrought  Iron.  2  miles  of 
water  pipe.  1  machine  shop  outncs,  36  air  drills,  2  locomotives^  SO 
dump  cars.  2  saw  mnis  and  other  neceBsarles.  This  plant  hod  to  be 
transported  on  wagons  and  sleds  from  Taklma,  Wash.,  a  distance  of 
8!  miles  to  the  east  portal  of  the  tunnel  and  87  miles  to  the  west 
portal.  The  flrtt  wagon  loads  started  Feb.   1,   and  the  first  boiler 

■Gillette's  "Roch  Bieavatlon." 
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Feb.  21.  Br  Jiuw  19  the  plant  lor  the  east  portal,  and  by  July  IS 
the  plant  lor  ttis  west  portal  had  reached  tta  deatinatloo.  On 
Feb.  13  hand  drtlllns  Wu  begun  On  the  eaat  portal  and  411  ft 
Of  tunnel  had  been  driven  when  the  machines  began  June  19.  On 
Uarch  15  hand  drilling  started  at  the  west  end  and  by  Sept.  I. 
when  the  machlnea  started,  488  ft.  had  been  driven.  The  last  15 
miles  of  the  hauling  before  reaching  the  mountalnH  was  In  mud,  at 
that  wacons  were  hauled  by  block  and  tackle,  planks  being  laid 
down  in  front  of  the  wheels  and  taken  up  as  fast  as  the  wagonit 
passed.  About  one  mile  a  day  was  coverod  In  this  way.  When  the 
mountains  were  reached  sleds  were  improvised  and  hauled  by  block 
and  tackle  with  teams.  Wagons  lightly  loaded  with  provislonB  trav- 
eled  12  miles  a  day. 

The  cost  of  ckartng  the  way  and  getting  the  machinery  and  ma- 
terials on  the  work  was  tl25.aOD,'  and  $  moa  time  was  required. 
The  tunnel  was  to  be  S.9ED  ft.  long,  16^  x  22  ft.  In  the  clear;  SOO 
ft.  had  been  driven  by  hand,  leaving  9.050  f L  to  be  driven  In  22  mosL 

An  8-rt.  heading  was  driven  along  the  top  of  the  tunnel  and  was 
kept  30  ft  ahead  of  the  bench.  The  tunnel  was  timbered  as  work 
progreaHed.  The  average  number  of  men  employed,  after  the  ma- 
chinery was  Installed,  was  !59.  They  worked  lO-hr.  shifts,  receiv- 
ing }2.50  to  tG  a.  day.  Contractor  boarded  men  at  75  cts.  a  day.  A 
bonus  of  26  cts.  a  day  was  paid  each  laborer  for  «very  foot  gained 
during  the  month  over  the  necessary  average  of  13.S  ft  a  day  in 
both  headings  combined,  and  each  driller  received  a  bonus  of  E0  cts. 
per  day  per  ft.  gained.  Every  day  of  the  year  was  worked,  requir- 
ing two  shifts  of  JS  men  each,  beelde  the  engineers,  firemen,  car- 
penterst  machlnlBta,  etc.,  making  a.  monthly  payroll  of  (30,000. 
The  best  month's  progreHH  was  April,  1S8S.  when  a.  total  advance 
of  540  It  was  made  In  the  two  headings,  or  3  ft.  a  day  per  head- 
ing. The  average  progress  for  21%  mos..  with  power  drills,  was  413 
fl.  per  month  for  the  two  headings.  On  Hay  3.  1388,  the  headings 
met,  and  on  May  14  the  excavation  was  completed,  7  days  befors 
the  time  limit  The  track  Was  laid  In  two  days  more  end  on  May 
22    the  first  regular  train  passed  through  the  tunnel. 

The  total  explosives  used  were  309,SiE  lbs.,  as  follows: 

Na  dC  50  lb.  boxes. 

Giant  No.  1,  60  per  cent 408* 

Giant  No.  2,   46  per  cent i,I23U 

Hercules  No.  1,  00  per  cent I, COSH 

Hercules  No.  2,  4B  per  cent 1.181% 

Nitro  glycerin  No.  8 B3S 

Porolta    No.    2 4114 

Total  No.  of  SO-lb.  boxes «.I9i 

The  average  price  of  all  explosives  was  110  a  t>ox,  or  20  cts.  per 
lb.  The  total  number  of  men  killed  In  the  two  years  was  IS.  The 
following  data  were  furnished  by  Mr.  Andrew  Gibson,  AMistant 
Engineer.      The  An>erlcan  center-cut  srstem  of  blasting  was  used ; 

Vages  were  |2,E0  for  laborers,  which  is  a  high  price. 
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20  to  13  bolea,  12  ft.  deep,  beins  drilled  In  ttas  beadlog,  and  about 
IS  tiolM  In  the  beucli.  Bach  drill.  In  medium  hard  rock,  would 
m&ke  fl  or  T  tides  In  E  hrs.,  althauKh  at  times  In  &n  exceedlDgly 
hard  layer  15  hra.  would  be  required.  About  400  Ibi.  of  dynamite 
were  used  at  each  blaet  In  each  of  the  headings  and  benches.  This 
would  break  8  to  11  lln.  ft.  of  tunnel,  althouKli  In  very  hard  rock 
at  times  only  halt  this  progrew  waa  made.  The  rock  Is  basaltic,* 
with  a  dip  ot  6'  to  the  west.  It  required  Immediate  limbering, 
which  delayed  the  drillers  and  muckers  about  2E%  ot  the  tlm& 
DuiiDK  the  period  of  hand  drllllnB  tbere  were  IT  men,  with  about  is 
muckera,  employed  In  each  heading  and  i  lln.  ft.  ot  tunnel  In 
14  hrs.  were  averaged.  During  the  period  of  air  drilling,  10  drills 
were  used,  G  In  each  end.  and  the  progress  was  8.0  ft  In  24  hrs. 
per  hfiadlng,  or  207  ft  per  mo.  of  10  daya.  While  the  contract  slie 
of  the  tunnel  was  ISH  ft  wire,  and  SS  ft.  from  subgrade  to  face 
ot  arch,  the  timbered  sections  had  to  be  excavated  10^  ft.  wide  by 
14  ft.  high,  thus  requiring  1B.7  cu.  yds.  of  excavation  per  lln.  ft 
where  limbering  was  used,  as  against  IS. St  cu.  yds.  where  no  timber 
was  used.  Timbers  were  11x12  Ins.,  except  the  Sxll-ln.  slUa 
Five  segments  were  used  In  the  arch,  lagged  with  1  x  S-ln.  pieces. 
Bents  were  spaced  2  to  4  ft    Water  gave  no  trouble. 

Mules  were  used  for  hauling  up  to  the  flrst  half  mile;  then 
small  locomotives,  which  hauled  8  to  12  cars.  A  "go-devll"  or  plat- 
form on  wheels  was  used  (□  Ereat  advantags  In  loading  cars.  The 
men  wheeled  the  rock  on  plank  runways  from  the  heading  to  the 
"go-devll,"  dumping  directly  Into  cars  below;  and  the  muckers  on 
the  heading  never  Interfered  with  thoee  on  the  bench.  It  was  also 
a  great  convenience  In  timbering.  Before  blasting  the  drills  were 
loaded  upon  the  "go-davlt."  and  It  was  pushed  back  some  distance 
from  the  face.  Endless  belt  conveyors  tor  removing  muck  to  the 
"go-devU"  were  contemplated,  but  they  were  never  used,  as  with  the 
large  force  of  men  at  work  they  would  have  been  In  the  way. 

The  swelling  of  the  shale  on  exposure  often  reduced  a  U-In.  tim- 
ber to  4  Ins. ;  hence  It  was  necesmry  to  line  the  tunnel  with 
maaonry.  Concrete  aide  walls  and  a  brick  arch  were  used  for 
lining.  The  concrete  mortar  was  brought  In  on  cars  and  run  back 
ot  the  forms  through  spouts,  without  shoveling;  then  the  broken 
rock  was  shoveled  Into  the  mortar  from  a  flat  car. 

The  total  cost  ot  the  tunnel  to  the  N.  P.  R.  R  under  Hr.  Ben- 
nett's contract  (which  did  not  Include  masonry  lining)  was  |T18 
per  lln.  ft  Mr.  Bennett's  brother  was  the  superintendent  of  the 
work.  The  actual  cost  of  tunnelling  the  west  end  during  the  month 
at  November,  ISST,  was  I7G.TE  per  ft  for  the  iB8  ft  driven,  dis- 
tributed aa  follows : 

It  la  stated  that  the  rock  was  shale. 


r 
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Superintendent,   %  mo.,  at  IBOO I  2(0.D0 

BupertDtendcnt,  1  mo.,  at  tiso 2G0.OO 

"-- lie,    M  mo.,  at  1160 7S.00 

, _  __  30  =  IJO  days,  at  it 480.00 

Machine  repalrern,  S  x  SO  =  90  dara.  at  t3.G0  31E.00 

Firemen,  t  x  30  =  ISO  days,  at  tS-EO SOD. 00 

Blacksmiths,  Z  k  30  =  SO  days,  at  |4.00 S10.DO 

Blacksmiths  helpers.   2  x  SO  =  SO  days,   at 

tS.BO    150.00 

CaTpenters,   SOS  days,  at  fS.OO 1,1SS.00 

Foremen,  ISO  days,  at  M.EO 720.00 

Drlllmen,   iH   days,  at  IS.fiO 1,029.00 

Chuefcmen,    293    days,    at   J3.00 879.00 

Muckers,  1,138  days,  at  tS.75 B.IM.BO 

Nippers.  80  days,  at  |3.B0 160.00 

Dumpmen.   80  days,   at  12.60 IBO.DO 

Car  drivers.  60  days,  at  $2.50 160.0D 

Timekeeper,  30  days,  at  |2.60 7B.0I) 

Lampmen,    60  days,   at   S2.G0 160. 00 

Laborers.   Sei   days,  at  t2.B0 l.GSE.DO 

Bonus  for  dally  prORreSB  over  B  ft. 600.00 

Total  labar  for  268  ft,  at  tl6.»D  per  ft. .  .*U.836.60 

Material 

78.000  tt.  B,  M.  timber,  at  |10 t  780.00 

800  lbs.  wrt.  Iron,  at  6  eta 48.00 

6t  hi   corda  wood,  at  fS 193.B0 

240  tons  coal,  at  (4 960.00 

900  caps,   at   1  ct 9.00 

14.400  ft.  fuse,  at  1  CL 1(4.00 

13,800  lbs.  dynamite,  at  16  eta 2,S08.00 

Total  materials  for  268  ft.,  at  116.80  per  ttt  4,142.60 

Plant. 

E  per  cent  of  f  60,000  plant.  1  mo. f  1S0.60 

1/28  of  76  p.  c.  depreciation  •  of  160,000  plant  1,339.28 
10  p.   c.   on  all  Above  to  cover  all  possible 

omlsslana    tl.77S.Tl 

Total  plant  charges  tor  26S  ft,  at  $13.06.-1  l.SSS.flO 

■Noto   that   a   liberal   but   not    unusual   allowaoce   Is  mads   for 
plant  depreciation. 

tThls    10   per   cent,    practically    covers  the  cost  of  installlnr  the 


labor     (46.90 

UalerlBl    16.80  - 

Plant    13.06 

Total     .176.75 

DurlnK  this  month  (he  entire  length  was  lined  with  timber,  tit* 
rock  being  a  aoft  ttasaltlc  rock  that  drills  well  but  coes  to  plecea 
rapidly  on  exposura     There  were  no  accidents  or  delays. 

On  the  east  end  during  this  same  month,  with  on  equal  force,  the 
prosress  was  248  ft.,  at  a  coat  of  172.70  per  ft.  It  will  be  noted 
that  wages  were  high.  It  will  alao  be  noted  that  the  coat  of  haul- 
ing and  Installing  the  plant  Is  not  Included,  although  a  liberal  al- 
lowance Is  made  for  plant  depredation  and  Id  the  19%  added  to 
-over  omission  a 


1  the  west  end 


ZSS-ft  tunnel,   standard  Bectlona.  at  t7S fSO.lti 

iti  cu.  yds.  extra  excav.,  at  MGO S.8T» 

TS.DOO  ft.   B.  U.  lining,  at  tSE Z.T JO 

IBS  rt  of  tunnel,  timbered,  at  *10J.«S I26.T1S 

nie  best  month's  record  In  driving  a  heading  was  274  ft.  but.  aa 
before  stated,  the  average  progreH  with  the  air  drills  was  ZOT  ft 
per  mo.  per  heading,  although  In  the  mnnth  of  November.  ISgT,  SES 
ft.  were  progreBeed  on  the  west  end.  which  was  2G%  better  than 
the  average  progreea  Assuming  that  lE.T  cu.  yds  were  excavared 
per  lln.  ft  of  tunnel,  the  total  excavation  at  the  west  end  for 
November  was  1,052  cu.  yds  It  Is  probable  that  the  862  cu.  yds. 
extra  excavation,  above  given,  are  Included  In  this  estimate,  because 
the  "standard  section"  differed  from  the  timbered  section  by  3.S 
cu.  yda  per  lln.  ft.,  and  In  2ES  ft.  this  would  amount  to  Sfi2  cu.  yds. 
On  this  assumption  (of  4.0G2  cu.  yds)  the  tabor  cost  12.92  per  cu. 
yd. ;  the  materials,  |1.07  per  cu.  yd. ;  and  the  plant.  fO.SS  per  cu. 
yd. ;  total,  (4.82  per  cu.  yd.  for  the  beat  month's  work. 

Further  data  on  this  tunnel  are  given  In  the  following  para- 
Cost  of  ths  StRmpede  Tunnel  and  Its  Misonry  Lining.* — The 
Stampede  Tunnel  on  the  Northern  Pacific  Ry.  Is  9.844  ft  long  and 
was  built  In  IBSE  to  1888  by  contract  The  contract  work  Included 
the  excavation  of  this  tunnel  and  the  timber  lining.  Subsequently 
tbla  timber  lining  was  replaced  with  a  masonry  lining  by  the  rail- 
way company's  own  forces  This  article  gives  In  detail  the  cost 
of  the  permanent  masonry  lining.  To  make  the  cast  figures  com- 
plete, however,  we  Itemlie  the  contract  costs  of  the  original  con- 
struction as  follows: 

Per  Itn.  ft. 

BlxcaTBtlon,  standard  section,  at  fit I  78.00 

Extra  excavation,  S.l  cu.  yds.,  at  J4.E0 H.40 

Timber  lining.  3DE  ft  B.  II..  at  t3G 10.88 

Traffic    charges 0.77 

Total     tlOS.SB 

Ballast    5»2 

Track    materials t-Jj 

Tiack   laying SJi 

Track    surfacing O.ie 

BnglneeHng    S-OO 

Total    I111.M 

The  above  figures  are   the   contract  coats   to  the  Northern  Fm 


•atHitH«eTi*0-OimtracH*a,  June  S,  1908. 
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t  masonry  lining  work,  whose  com  In  given  hen. 
was  begun  June  16,  1889,  and  completed  Nov.  IB,  1896,  the  progreM! 
Id  lineal  feet  per  year  belns  a>  follows: 

Walla.  Arch. 

1889    i,n«                       

1890    1,280  BJg 

1891    a,649  BTl 

1898    B.OSS  1,40! 

1893    S.930  911 

1891     S,2i9  Z,811 

1896    2,301  Z,88T 

The  Bide  walls  were  of  concrete  and  the  arch  was  of  brick,  there 
being  30.259  cu,  yds.  of  concrete  side  walls  and  IS, 426  cu,  yds.  of 
brick  arch,  or  a  total  ol  48,683  cu,  yda  of  masonry  lining  in  the 
9,311  lln.  ft.  that  were  lined.  There  were,  therefore,  SU  cu.  yd& 
of  concrete  side  walls  and  2  cu.  yds.  of  brick  arch,  or  a  total  of 
IM  cu.  yds.  per  lin.  tL  of  tunnel. 

The  average  cost  of  the  lining  was  as  follows: 

Concrete  Stde  Walta:                    Per  cu.  yd.  Per  lin.  ft 

Cement,  at  82.90  per  bbl J4.2T  »13.96 

Rock,  at  31  cts.  per  cu.  yd 0.24  0.80 

Sand,  at  21  cts.  per  cu.  yd 0.12  0.40 

Trofllc   charges    0.3B  I.IS 

Train     service     0.96  3.12 

Labor    2.10  6.8T 

False  work 0.08  0.i7 

Tools,    lights,   etc 0.10  0.33 

Engineering  and  superintendence..       0.16  0.S3 

Total     fS.3S  (27.40 

Brio*  Arck:                                    Per  ni.  yd.  Per  lln.  ft 

Cement,  at  82.90  per  bbl I  2.93  %  6.80 

Brick,   at   t7.l2   per  M 3.6S  7.04 

Rock  backing,  at  G9  cts.  per  cu.  yd.       0.41  0.81 

Sand,  at   40  cla.   per  cil   yd, 0.14  0.27 

TraOlc  charges   0.38  O.Tl 

Train    service    1.21  2.S9 

Labor    4.20  8.32 


Tools,    lights,    etc 0.21  0.41 

Ehiglneering  and  superintendence..       0.26  0,80 

Total     113.49  t26.6B 

Since  the  concrete  side  walla  cost  827.40  per  lln  ft.  and  the  brick 
arch  coat  $26.68,  the  total  cost  was  851  per  lln.  ft.  of  tunnel. 
Which.  If  added  to  the  111!  above  given,  makes  a  grand  total  of 
8166  per  lln.  (t.  Had  the  masonry  lining  been  built  In  the  first 
place,   the  cost  would  have  been  considerably  less. 

The  Item  of  "tradlc  charges"  covers  freight  on  materials  at  1  ct 
per  ton-mile.  The  Item  of  "train  service"  covers  hauling  of  sand, 
rock,  etc.,  with  a  work  train. 

The  cost  of  this  lining  was  very  much  hl^er  during  the  tliM 
years  of  the  work.  This  was  due  parity  to  the  greater  thickness  of 
the  lining  used  at  first,  but  It  was  principally  due  to  Ibo  ln«Xp«ri- 


ending. 

ft      per  Un.  ft.         ft 

perlin-ft 

per  Un.  ft. 

IS 

ttl.72 

Total    

.  B.lll 

18.B0a 

ahoWB  the 

cubic  yard: 

Coat 

endlnfr. 

Cu.  yd«.     per  cu.  yd. 

1,0  z 

fi-Si 

Total   and    av. 

18,128 

113.49 

30,269 

t  8.38 

Th«  coat  of  lining  the  tunnel  during  the  six  months 

ending  Dec. 

SI,   1892.  represe 

nta  about  an 

average  of  the 

whole  Job. 

It  waa  as 

CONCRTTB    Sum  WiLLO. 

MaterlaU; 
Cement.  l.E  bbta.,  at  12. 3B 


ToUl     

Tragle  Ckarget: 

Band    ..'.'.'.'.'.'.'.'.'.'. 
Back    
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Work  Train  BmrvUia: 
Haulinc  concrete,   removlnc  old  tlinberB  and  eicaratlnK  ma- 
terial. 0.011  day  of  warklntln.  at  fit.SO t«.iS 

Hlxlns  cement  dir.  O.lOf  day,  at  ll.EO te.tl 

Building  wall^   O.Z47   daj'    at  «Z.84 O.Tt 

Removlni  tlmbera.  excavattngr  and  preparlns  panel  for  concrete, 

0.S2B   &y.    at   (2.83 D.Ct 

FlacInB  rock  backlnK.  4.03  day.  at  tS.5D O.OE 

Total   ti.es 

Bn'fflnaerlnB,  SupeHnteudanot  and  Itileelbmeout: 

Engineering    f9.» 

Fafsework,  timber  and   Iron O.M 


Llghta,  V 


1  depreciation  of  plan^  10%  per  aoDum  on  ll.EOO, 


Total     t0.t( 

Tgtul  per  cu.  jO.   In  place tT.4t 

The  proportEone  were  1  cement.   3  land  and  E  rock.     The  dlmoi- 

■lons  of  each  aide  wall  were  i  ft.  3  Ina  thick  and  IS  ft  high.    Thera 

were  1.33  cu.  yds.  of  concrete  per  Itn.  ft  of  ride  wall,  or  I.St  en. 

yda  per  Jin.  ft.  of  tunnel.     The  average  dolly  force,  not  Including 

the  work  train  crew,  was : 

1  foreman,  at  tUE  per  mo. 
1  foreman,  at  I3.J5  per  day. 
1  foreman,  at  t3.2E. 

3  carpentera  at  13. 
22  laIior«ri.  at  tZ.SO. 

4  laborers,  at  tS. 

The  average  dally  progreia  was  SS.TG  cu,  yda  per  day. 
The  average  dally  force  "building  the  aide  walltf'  waa: 

1  foreman,  at  |13S  per  ma 

2  foremen,  at  t3.2G  per  day. 

4  carpenters,  at  |3. 
12  laborer!^  at  (l-EO. 

The   average  ilaily   force  engaged   in   *Yeniovliig   timber^   exca- 
vating, etc." 

1  foreman,  at  |i3B  per  mo, 

2  foremen,  at  t3.TE  per  day. 

5  carpenter^  at  13  per  day. 
14  laborera,  at  I2.E0  per  day. 

The  cost  of  the  brick  arch  during  the  aame  period  waa: 
Brick  Asch. 
Xaterialt:  Per  en.  yd. 

Brick,  52S,  at  »T  per  U t  »■«< 

Cement,   LIB  bblB,,  at  12.40 t.M 

Sand.   0.283  cu.  yd.,  at  82  eta O.Sl 

Dry  rock  backing.  0.433  cu,  yd.,  at  7B  eta O.H 

Total   materials t  I-OS 


Trafpo  Charge*: 


it  and  removing  debris  and  old  timber. 


VIxInK  mortar  and  bulldlnr  arcfa,  0.78  day,  at  M-Oe 

Placing  rock,  backing.  0.135  day,  at  IX.fil 

Hovlng   centera,    preparlDg   for   work   and   removlDg   limber 
0.S8I  dar,   at    (2.Sf 


Total    

EitgiHeertng,  Superintendence  and  lUteeilaneaut: 

ESngineerlng  and   luperfntendence 

PatMvork,    timber    and    Iron 

Changing  UghtB,   wear  on    toolH,   etc 

Intereat  and  depreciation  of  plant.  10%  per  annum  on 
for  i  <4   moa 


I.  yd... 


14.C» 

The  brick  arch  was  E  rings  thick,  or  1  ft.  9  Ina,  and  28^  ft. 
around  the  arc.  The  brlcka  were  21t  Jl  3%  x  g  Ins.  There  were 
l.SS  cu.  yda.  of  brick  raajuary  per  lln.  tt.  of  tunnel,  making  the 
OOBt  127.13  per  lln.  ft.  for  the  brick  arch.  The  average  dally  prog- 
rea  was  2E.9  cu.  yda.  with  the  following  force,  not  Including  v7ork 

1  foreman,  at  (135  per  mo. 

1  brick  mason  foreman,  at  tS.GO  per  day. 

I  foreman,  at  tS.7S  per  day. 

I  foronan.  at  |3.2B  per  day. 

7  brick  maaona,  at  M  per  day. 

3  caipentera.  at  t3  per  day. 
IB  laborerat  at  t2.G0  per  day. 
The  average  gang  engaged  In  "mixing  mortar  and  buUdlns  areW 

1  toreman.  at  tl3E  per  mo. 

1  toreman.  at  t3.7G  per  day. 

t  bviek  foremen,  at  K.EO  per  day. 

1%  brk^  maeona,  at  %S  per  day. 

I  carpenter,  at  |3  per  day. 
tl  taborera,  at  12.60  per  day. 
The  average  gang  engaged  In  'placing  rock  backing"  waa: 

1  toreman,  at   t13E  per  mo, 

I  forMnen.  at  t3.2S  per  day. 

1  carpenters,  at  t>  per  day. 
10  taborera,  at  tt.SO  per  day. 
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The  Bveratw  Bans  engsced  In  "remoTlns  ttmberB, 

1  foreouin.  at  Ills  per  mo. 

2  foremen,  at  t3.7S  per  day. 
G  carrientere,  at  (3  per  day. 

12  laborer*,  at  (i.EO  per  day. 

Ab  above  Mat«d.  the  co«t  durlns  the  last  year  ot  the  work  wai 
very  much  reduced. 

I>urtnK  the  alx  months  endlnc  June  SO,  1S9G,  the  coat  of  linlDg 
waa  as  foUowa; 

CoKown  Bam  W*u«. 


Conent.  1.31  bbla.,  at  13.11 

Sand,  OAt  cu.  yd.,  at  18  eta. 

Rock,  0.79  cu.  yd.,  at  19  eta. 

Total    

Work  Train  SeruJce.- 
Hauling  concrete.  removlnK  debrii  and  old  timber,  0.0!]  day. 


_ „  -.-.   ....    — ,,  at  12.14 

BulldlriB  walla,    O.IS  day,   at   *2.40 

RemovInB   tlmberB,   eicavatlng  and   preparing  panel   for  c 
Crete,  S.ZI  day,  at  ll.SZ 


Total    

Sng{»terlng  and  Mltctllaneoiu: 

Engineering  and  mpertntendence 

Falsework,    timber  and   Iron 

Tools.   lights,   etc 

. .  ^^.  a .-..,_  -.  _■ — .    ^fjtj^  p^  annum  of  fl.SOO, 


It  will  be  noted   that  "trafflc  charges"    (freight  on  the  n 
for  concrete)   appear  to  have  been  omitted. 

The  proportions  of  the  concrete  were  1 ;  1 ;  S.     The  dde  waU  WBi 
1  fL  T  Ins.  thick  by  IB  ft.  high,  and  each  side  wall  oonlalned  1.6 
cu.  yds.  per  lln.  ft.     Tbe  average  proxren  per  day  was  4t  cu.  yds., 
and  the  working  force  was  as  follows: 
1  foreman,  at  IllZ.EO  per  mo. 
1  foreman,  at  190  per  mo. 
1  foreman,  at  13. GO  per  day. 

1  blacksmith,  at  (3  per  day. 

2  carpenters,   at  |3  per  day. 
19  laborers,  al  12. 3E  per  day, 

7  laborera,  at  tl.TG  per  day. 
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Th*  COM  of  the  brick  arch  during  the  sojae  period  war  aa  follQwa: 

Matertal.  Percu.yd. 

Brtck,    600,    at    M.as %  S.18 

Cement,   0.9S  bbL,   at  fZ.ZG 2,21 

Sand.  0.34  cu.  yd.,  at  28  cts. 0.09 

Total TiAi 

Work  Train  Service: 

Haullns  material,  debrl^  etc.,  0.037  day,  at  fSl.JK t  O.Sl 

Labor: 

Ulxing  mortar  and  building  arch,  0.B7  day,  at  (3.16 %  1.80 

Placlae  rook  ttacklng.   0.09   day,  at   $2.29 0.21 

ReniovinK  old  tlmbera.  eicavatlng  and  prepBrloK  (or  arching 

and  moving  centers,  0.32  day,  at  |3.4S O.SO 

Total     t  2.81 

Engineeriiig  and  JflacellaneotU.' 

Engineering   and    superintendence t  0.23 

FBJMWork,  timber  and  Iron 0.09 

Tools,    lights,    etc 0.20 

Interest  and  depreciation  0(  plant,   10%  per  annum  on  tl.50O, 

for    3    moB, 0.02 

Toul     I  0.61 

Total  per  cu.  yd. fl0.21 

It  will  be  noted  that  the  Item  of  "trafllc  charKSB"  appear!  to  have 
been  omitted. 

There  were  G  rings  of  brick  In  the  arch,  giving  a  thickness  of  1  fL 
9  Ins.,  and  the  length  cC  the  arc  was  28  ft.  There  were  l.BS  cu.  yds 
of  brick  maeonry  per  Un.  ft.  of  tunnel.     The  bricks  were  2>4  x  S% 

The  aTerage  progress  per  day  was  41.2  cu.  yds.  with  the  follow- 
ing force; 

1   foreman,  at  (112. ED  per  mo. 

1  foreman,  at  *90  per  mo, 

1  foreman,  at  I3.E0  per  day, 

1  brick  maaon  foreman,  at  16,60  per  day. 

8  bride  masons,  at  (6  per  day. 

1  carpenter,  at  %1  per  day. 

t  blacksmith,  at  $3  per  day. 
2T  laborers,  at  (2.25  per  day. 

The  gang  when  engaged  in  "mixing  mortar  and  building  arch" 
waa  aa  follows : 

1  foreman,  at  (112.60  per  mo. 

1  foremen,  at  (3.60  per  day. 

2  mason  foremen,  at  tt.BO  per  day. 
1  timekeeper,  at  ISO  per  mo. 

17  brick  masons,  at  16  per  day. 
1  blacksmith,  at  (1  per  day. 
£S  laborers;  at  %t.Zh  per  day. 


1 
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The    gane   when    engased    In    "placlnx   rock    backing^    waa   as 

1  foreman,  at  fllS.SO  per  mo. 
M  timekeeper,  at  ttO  per  mo. 
Vt  blacksmith,  at  (3  per  4ay. 
K  carpenter,  at  93  per  dSr. 
22  laborera.   at  |2.ze  per  day. 
The  gang  when  encaged  In  "removing  old  tlmbent  etc.,"  wa*  as 

1  foreman,  at  |112,S0  per  mo. 

3  foremen,  a.t  |90  per  mo. 

I  timekeeper,  at  $60  per  mo. 

3  biackamltha,  at  13  per  day. 

1  carpenter,  at  13  per  day. 
17  laborers,  at  12. 2B  per  day. 

Coit  of  the  Cascade  Tunnoi. — The  tunnel  la  lt,S13  ft.  long  through 
the  Cascade  Mountains  on  the  line  of  the  Great  Norlhem  Ry.  The 
width  In  the  clear  la  16  ft.,  and  the  height  from  top  of  rail  to  bot- 
tom of  arch  la  21H  ft.  It  was  begun,  from  two  headings,  Aug.  10. 
189T.  and  completed  Oct.  13,  IBOO.  A  t(«>  heading.  10x30  ft.,  waa 
driven  from  each  end ;  and  the  bench  was  taken  out  in  two  UfW. 
The  average  monthly  progress  was  17E  ft.  at  each  heading,  or  S.T* 
ft.  per  day  of  24  hrs.  The  best  year's  work  was  from  June  1,  18l>, 
to  June  1,  1900,  In  which  time  6. 675  ft.  were  driven  from  the  two 
headings,  the  monthly  average  being  232  fL  per  heading.  The  best 
month's  progress  Was  627  ft.  from  two  headings;  the  beat  week's 
progress  was  143  ft  from  two  headings ;  the  t>eat  month's  prog- 
ress from  a  Blnglo  heading  (east)  was  301  ft.  The  rock  was 
medium  hard  granite,  very  seamy  and  rcry  net.  Although  hard  to 
drill  and  blast,  the  granite  disintegrated  so  rapidly  that  a  tem- 
porary timber  lining  was  necessary  throughout,  and  it  was  after- 
ward replaced  with  concrete. 

The  work  was  all  done  by  day  labor,  no  contracts  being  let,  and. 
In  consequence,  it  cost  considerably  more  than  would  have  been  the 
case  had  it  been  built  by  contract.  Three  S-hr.  shifts  were  worked. 
There  were   SOO   to   800  men   employed,   and  they   were  not   very 


Four  columns  In  a  heading  carried  S  drills  (3U-in.  slie).  Prom 
24  to  2S  holes  were  drilled  12  ft.  In  the  heading,  and  Ored  In  thre« 
rounds  by  electricity.  Including  the  bench  work  there  were  14 
drills  used  at  each  end  of  the  tunneL  Bock  from  the  heading  and 
top  bench  was  wheeled  In  barrows  out  onto  the  "Jumbo,"  or  "go 
devil,"  and  dumped  through  Into  cars  below.  A  compresaed  air 
hoist  on  the  "jumbo"  served  to  lift  large  rock  and  to  shift  tHe 
"jumljo"  back  before  flring.  Eight  electric  motor  cars  wore  used 
to  haul  the  muck.  elo.  One  motor  hauled  IB  to  20  dump  cars  of 
1  cu.  yd.  each  up  the  1.7%  grade  to  the  eaat  portal,  at  10  miles 
an  hour.     The  rails  were  SD-lb.  rails  laid  to  a  gage  of  2  ft. 

Large  power  houses  were  built  at  each  portal.  The  east  power 
\ouse  contained   1   Ingersoll-Sergeant  duplex  conpressor,   IS   x   i* 
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faiB. ;  1  straight  Hoe  comprasaor,  IS  x  Si  Ini. ;  I  Rand  duplex  cotxi- 
preaaor,  20  x  16  Ina  ;  1  Buckeye  hlKh-apeed  englna,  12  x  IS  Ina. ; 
1  Chiuidler  ft  Taylor  high-speed  englna,  IJ  x  14  Ins.;  S  IGO-hp. 
boilers;  purops,  dyoamoa  lans  aod  water  haatera.  Compressed 
air  was  delivered  through  S-in.  mains  to  the  drills,  at  an  Initial  pres- 
sure of  100  lbs. 

The  tunnel  was  lined  with  concrete  from  end  to  end,  the  tem- 
porary timber  lining  being  removed.  The  concrete  Ib  nowhere  less 
than  i  ft.  and  In  places  tt  Is  3H  ft  thick;  spawls  and  broken 
stone  were  packed  above  the  concrete  where  necessary.  To  place 
the  concrftte  without  Interfering  with  the  muck  trains,  a.  platform 
GOO  ft-  long  was  erected,  and  the  cars  loaded  with  concrete  were 
hauled  up  an  Incline  by  a  compressed  air  bolsL  The  concrete  was 
dumped  on  the  platform  and  shoveled  Into  the  forma  White  this 
was  going  on  another  iOO-tt.  platform  was  being  built  In  advance. 
Side  walls  were  built  In  alternate  sections  8  to  li  ft.  long,  the 
weight  of  the  timber  arches  being  thus  transferred  to  the  walla 
The  concrete  arch  centers  were  made  In  12-(t.  lengths,  of  which 
there  were  10  In  each  end  of  the  tunnel.  When  the  concrete  had 
set,  the  12-ft.  arch  center  was  lowered  with  screw  Jacks  onto 
"dollies,"  pushed  forward  12  ft.  and  Jacked  up  again.  Concrete 
was  mixed,  1  cement.  S  sand  and  S  parts  rock.  About  95,000  bbla 
of  Portland  cement  were  used  In  lining  the  tunnel,  an  average  of 
T  bbls.  per  lln.  ft.  ot  tunnel.  Work  of  lining  was  ttegun  In  £>e> 
cember,  1899.  and  Bnished  November,  1900;  more  than  1,000  ft 
of  lining  having  been  placed  In  October.  1300.  In  the  west  end. 
although  the  general  average  was  about  60O  ft.  of  lining  per  month 
from  each  end.  The  tunnel  was  opened  for  operation  Dec  20.  laoD. 
Mr.  Wlllard  Beahan  uys  that  It  was  a  serious  mistake  to  have 
driven  the  heading  In  rock  by  hand  300  ft.  In  advance  of  the  bench 
while  waiting  for  the  power  plant  to  arrive,  for  the  long  heading 
overtaxed  the  transportation  so  that  work  on  the  heading  had  to 
be  stopped  until  the  bench  was  brought  up.  The  use  of  tour  drill 
columns  he  regards  as  novel,  and  adds  that  there  was  plenty  ol 
room  In  which  to  work  six  drills,  and  that  It  was  not  necessary  to 
•but  any  ot  the  columns  In  drilling  a  set  o(  bolea 

The   actual   cost   of   this  tunnel,   ea  originally   printed  In   5np(- 
MeerinV'CoKtrootfnp,  Dec.  8.  I»OS,  was  as  follows : 

Per  lln.  ft 

Sngineering    I     4. SO 

jMboT    excavating    tunnel 60.e0 

Explosives     7.40 

Power    22-BO 

Tools    (tlSl.OOO)     10.00 

Machinery   (tZii.ODOl    16-10 

Buildings    8.10 

Timber    lining    S.4B 

Concrete   lining    4S.B0 

Personal   Injuriea    2.19 

Hospital    expenses    1.10 

Permanent  track  through  tunnel 2.80 

Total     tI8S.»0 


1194  HANDBOOK   OF  COST  DATA. 

A  oompvlMn  Of  this  cost  With  that  ot  the  Stampede  Tmmel, 
through  the  aaine  mounUiln  range,  Bhons  that  the  Stanipedo  Tun- 
nel was  built  at  less  cost,  although  high  contract  prices  were  paid. 

Wabaih  R.  R.  Tunnsls.*— I  am  Indebted  to  Mr.  T.  U.  Loomts,  Dlv. 
Bng.  P.,  T.  A  W.  R.  R.  (Wabaah  system)  tor  much  of  the  follow- 
ing data  kindly  furnished  by  him  when  I  went  over  the  line  In 
1903  studying  the  methods  and  cost  of  excavation.  Eight  double- 
track  tunnels  were  under  way,  the  orosv-sectlon  of  each  being  as 
shown  In  Fig.  I.  The  material  encountered  was  shale.  Bandstone; 
fire  clay  and  occasional  eeams  of  coal — characteristic  of  eastern 
Ohio  and  weatem  Pennsylvania.  The  section  above  the  wall  pUtes 
(L  e.,  the  longitudinal  timbers  on  top  of  the  posts)  requlrae  an  ex- 


Fig.  I. — Double  Track  Tunnel. 

cavation  of  IE  cu.  yds.  per  Un.  ft.  The  clear  width  between  wall 
plates  Is  34^  fL  The  segmental  arch  timbers  are  12x12  Ina.. 
lagged  with  4-In.  plank,  the  arch  ribs  being  J  to  4  ft.  c.  to  c  The 
favorite  method  of  attack,  as  shown  In  Fig.  2,  was  by  what  I  will 
term  the  twin-heading  method  ;  two  S  x  S-ft.  headings  being  drlveD 
as  shown,  and  afterward  enlarged.  The  floor  of  these  headings  is 
12%  tt  above  Bubgrade.  thus  leaving  a  12K-fL  bench.  ACDB,  to 
be  taken  out.  One  machine  drill  Is  operated  In  each  heading  (two 
could  be  worked)  for  the  drilling  is  easy.  The  rivalry  betwMo  the 
two  drilling  gangs  in  these  twin  headings  appeared  to  me  to  be  one 
of  the  best  features  of  this  method  of  attack.  It  ts  certain  that  no 
hitherto  published  data  show  as  tow  a  cost  per  cubic  yard  tor 
tunnel  work  as  the  data  which  I  secured  On  this  worlL  The  weekly 

•Gillette's  -Rock  Excavation," 
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9  not  rapid,  but,  as  all  the  tunnels  were  comparatively 
Bhort,  there  whb  no  neceulty  of  Ke'ng  to  sreal  exp«n«e  In  lecurlnK 
rapid  progrreaa — a  fact  that  tunnel  conti-aclDra  should  bear  In  mind- 
Steam  drills  were  uaed  In  some  of  Ihe  abort  tunnels.  The  foUowlnK 
la  the  actual  coat  of  eitcavating  and  timbering  the  section  of  a 
tunnel  above  the  wall  plates  <15  cu.  yda.  per  Un.  tt.)i  using  air 
drlllB,  for  a  distance  of  100  lln.  ft : 

Labor     12,G3T.4E 

i.DOO  lb&  40%  dynamite,  at  12  cts. S60.00 

470  gulB.  kerosene  oil.   at   13   cts. E1.10 

l.STS  gals,  gasoline,  at  13  cts. 226.00 

8,000  bus.  coal  tor  compressor,  at  »  cts 270. 00 

Machine    and     lubricating    oils S2.G0 

Blaclumllb    shop    IBO.OO 

41,S49  ft.  B.  H.  timber,  at  123 957.93 

Total  cost  of  100  »n.  ft H,E0e.2S 

Coat  per  lln  ft.  above  wall  platen 4C.09 

Ctist  per  cu.  yd.   Including  timber  •  "' 


The  material  In  this 


ludlng  timber. , . . 
sandstone. 


On  another  tunnel  the  section  above  t 


vated  by  hand  at  a 

for  a.  di«tance  of  110  ft.,  t 


I  plates  was  exca- 


I  material  being  hard  Are  clay  In  the 


^-^^^ 


Fig.  3. 


upper  half  and  shale  In  the  lower  half  of  the  section  excavated, 
malilnK  easier  excavation  than  In  the  sandstone.  The  force  ensagad 
In  hana  drilling,  by  the  Iwln-heading  method,  was: 

Wages  per 
10 -hr.  shirt 
1  general   foreman    I  4 

1  blacksmith'  ■.'.■.'.■.*.'.'..'.".' I 

1  carpenters,   at   33 • 

10  miners,   at  (2 J* 

10  muckers,  at   (1.60 1( 

Total    per    shift    (10-hr.). . 166 

White  th*a»  men  took  out  the  whole  section  above  the  wall  platw 
(1«  cu.  yda  per  lln.  (t.)  for  12.73  per  ou.  yd.  for  labor  and  ex- 
plorives   (not  Including  cost  of  timber),  working  tn  shale  and  fire 
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cla7,    they   excavated   a   7 1  g-fl.    headloK   In   sandstone   foT   tl.T( 
per  cu.  yd.,  dlitrlbuted  as  follows: 

Per 

10-hr.  shlf  L 

lAboT  on   TiB  beading tlS.00 

Dynamite     3.S4 

Repairs     90 

Light     SI 

Total   per  shilt ttt.W 

Each  shift  excavated  S.2  cu.  yds.  of  this  T  z  S-fL  heading,  mahing 
the  cost  I3.T6  per  cu.  yd.,  as  above  stated,  equivalent  to  an  ad- 
No  night  shifts  were  being  worked  on  the  elgt)t  tunnels,  and  the 
progress  per  week  In  shale  waji  2E  IL  when  working  by  hand  and 
excavating  IG  cu.  yds.  per  Un.  ft.;  and  BO  ft.  a  week  working 
with  machine  drills.  In  hard  sandstone  the  weekly  prograss  was 
about  15  ft.  by  hand  and  30  ft.  with  machine  drills.  In  all  cases 
working^  only   1   10-hr.  shift  In  the  24-hr.  day. 

The  following  Is  the  actual  cost  of  Umbering  on  one  Job: 

PerU. 

Georgia  pine  f.  o.  b.  cars 1^3.60 

Hauling  B  miles 3,00 

Cost    of    framing 5.00 

Cost  of  erecting 3.00 

Total  per  1,000  ft  B.  M. M*-fiO 

The  carpenters  received  fi  per  10-hr.  day.  and  laborers  erecting 
received  tl.EO.  The  cost  of  framing  and  erecting,  Including  super' 
vision,  was  M  per  M,  which  was  about  33  more  than  It  should  have 
cost  had  there  been  more  workers  and  fewer  bossea  Over  the 
rough  roads  each  team  hauled  about  1,000  ft,  B.  H.  per  load  and 
made  one  trip  of  0  miles  each  way  in  a  day.  The  cost  of  "pock- 
ing" (1.  e.,  placing  small  stones)  above  the  lagging  was  BO  cts.  per 
eu.  yd. 

We  now  come  to  what  I  have  said  are  the  loifest  records  of  tun- 
neling cost  yet  made  public: 

Tunnel  heading  In  sandstone,  double  track  full  section  above  tlie 
wall  plate  grade  (15  cu.  yds.  per  lin.  ft.)  : 

Cu-yd. 
DrllllnR     3O.S0 


Drllllna 
Bxplomve . 
Uucklng 


Drilling     10.40 

BxpIodVeo     30 

Uucklng     13 

Total     loli 


The  sandstone  was  very  hard,  breaking  In  large  blocks,  which 
hB.ve  to  be  drilled  and  shot  before  mucking.  A  steom  shovel  Is 
used  In  the  bench,  and  material  of  heading  Is  carried  aboul  400  tL 
B.nd  dumped  over  the  breast  ol  bench,  whence  steam  shovel  loads  It 
along  with  bench  material. 

In   another   tunnel.    In  a  formation   of  practically   level    strata  of 
slate,  limestone  (thin)  and  Ore  clay  (a  stone  hard  as  limestone  to 
drill,  but  dlstntegratlng  In  the  air)  the  cost  was  as  follows; 
Heading— full  double-track  oectlonH — all  above  wall  plates; 
Cu.yd. 

Drilling   iO.lS 

BxplosTves    30 

Mucking     80 

Total     Jl.Og 

Bench — same  tunnel — full  aecllon  : 

Drilling     $0.30 

GxplonveE     ZO 

Mucking    IS 

Total     10.68 

In  the  case  of  another  tunnel  In  coal  formation  with  a  E-ft.  vein 
of  cool  running  all  through  on  the  wall  plate  grade :  steam  drills 
used  in  rock,  and  steam  coal  augers  In  the  coal,  with  steam  shovel 
for  mucking,  the  costs  were  as  follows: 

Headings — per   cubic   yard— double   track  : 

I.aJ>or     tO.966 

Bzplostves   and   materials OSO 

Total tl.OSfl 

Bench — same  tunnel   and  formation : 

Labor     I0.J8 

Explosives  and   materials 04 

Total    10,42 

T^ls  last  may  aeem  too  low,  but  It  was  In  all  probability  the 
cheapest  material  a  tunnel  Is  ever  built  In,  and  the  organisation 
waa  BO  good  that  it  was  worked  with  extreme  economy.  A  core 
of  about  S  CU.  yds.  per  lln.  ft.  was  left  In  the  middle  of  the  heading 
(l>etwe«n  the  twin  headings)  and  taken  out  along  with  the  bench. 

Mount  Wood  and  Top  Mill  Tunnels.— Mr,  W.  J.  Yoder  gives  the 
following  data:  The  tunnels  (built  In  1SS8-18S9)  are  within  the 
northern  city  limits  of  Wheeling,  W.  Va.,  and  the  material  pene- 
trated was  for  the  most  part  shale  of  the  coal  measures.  The  abole 
dialntegmtea  rapidly  upon  exposure  and  must  be  supported.  The 
block  or  American  system  of  timbering  was  used  for  lining,  and  waa 
fc^>t  never  more  than  SO  ft.  back  of  Che  face.  All  drilling  was  done 
by  hand.  A  top  heading  10x34  ft.  was  driven,  and  then  widened; 
the  bench  was  taken  out  In  two  lifts.  The  Brst  or  cut  holes  In  the 
jieadins  were  drilled  so  as  to  blast  out  a  long  h 
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of  rock  nt«T  the  roof ;  these  hole*  b«tng  5  to  t  ft  deep.  Then  a 
lower  row  of  5-tt  lift  holeg  was  flred.  Finally  Uie  bottom  of  the 
betullnK  wan  taken  out  like  a  bench  by  a  row  of  vertical  hole*  and  a 
row  of  horiiontal  holes.  In  all  SS  holes  were  Sred  In  the  heading. 
asBTegstlng-  ICO  Un.  ft,  and  requlrlnx  GO  lbs.  of  40%  Forclte  to  load 
tbem.  The  effect  of  the  fliiuc  waa  to  make  an  advance  of  lU  ft., 
dlsplaclQK  is  cu.  yds.  [The  heading  gang  conalsted  of  1  toremnn, 
14  drillers.  12  muckers  and  1  nipper.]  About  SB  Un.  fL  of  drilltng 
woa  conildered  a  day's  (10  hra>  work  for  1  men.  The  muck  was 
wheeled  In  Iran  barrows  to  a  traveler  and  dumped  down  chutea  Inlo 
cara.  The  heading  gang  timbered  and  placed  the  packlDC  above  the 
arch :  two  10-hr.  shifts  per  week  being  needed  for  this  work,  leaving 
10  shifts  per  week  for  advancing  the  heading.  The  timbering  Is 
fully  described;  E6D  ft.  B.  M.  at  White  oak  were  uaed  per  Un.  ft 
of  tunnel.  The  bench  holes  were  S  ft  deep,  chum  drills  being 
used  except  for  the  comer  boles  and  for  blockhollng.  The  bench 
force  conalated  of  1  foreman,  S  drillers,  18  muckers,  1  mule  driven 
3  dump  men  end  1  nipper.     The  average  haul  waa  about  SOD  ft 

The  maximum  monthly  progreas  (working  two  10-hr.  Bhitta)  In 
a  heading  on  the  Mount  Wood  Tunnel  was  130  Itn.  ft,  the  average 
monthly  progress  being  84  ft  The  maximum  monthly  progress  cm 
the  bench  waa  liSK  ft,  the  average  being  9T  ft  The  average  ex- 
cavation was  lO.Z  cu.  yds,  per  lln.  ft,  of  heading  and  entargemoit 
and  18  cu,  yds.  per  lln,  ft.  ot  bench.  The  total  excavation  In  both 
tunnels  was  49,070  cu.  yda,  and  the  excavation  In  approaches  waa 
SB.Tfil  cu.  yds. 

The  number  of  men  employed  was  350.  The  heading  men  were 
composed  of  twO'thlrds  negroes  and  on»-thlrd  Austrians.  The 
foremen  were  Irish.  The  best  drillers  were  negroea  Ko  work 
was  done  Sundays  or  Saturday  nlghta  The  Kale  of  wages  (lO-hr. 
shift)  was  as  follows: 

Hbacino  QiUia. 

1  foreman    14.00 

14  drillers     1.76 

10  muckers     l.EO 

1  nipper     LIS 

Bbmck  Oamo. 

1  foreman    IS.OO 

e  drillers    1.16 

10  muckers    1-SO 

2  men    (lagging)    l.SO 

1  nipper    I.» 


1  d^?l 


3  dumpmen    1.50 

M  iBcm-ummaas. 
1  carpenter     tl.SO 

1   traekmHn      i.BO 

a  blacksmiths     !.»0 

1  walking  boss    4,M 

1  timekeeper    a.lE 

1  engineer    and    fireman l.EO 

1  electrician l.EO 
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Govt  or  Lxuoa  ?■■  Lnt.  Ft.  of  TnNmi. 

lAbor     eicavHtlDK      (hwdlnc,      121.79 ;     bench, 

J20.BB)      »S.7< 

Haultnc   and   dumping ■ fi.tt 

Labor  tlmberlnK    4.19 

IiBbor   rramlnK   timber TT 

Blaclumlthlns     1.90 

Track   repair!    21 

L«bor  electric  llf^tlng gg 

SuperlDtendence    and    accounts t.OO 

Tctal   labor %iiAi 

Coit  per  cu.   ji. Z.OC 

The  above  dOM  not  Include  the  cost  of  timber,  oil.  fuel,  wenr  of 
toolB  or  explotdTM.  About  1  lb.  of  40%  Forclte  was  used  per  cu-  yd. 
of  tunnel  ezcaTBtlon,  or  IS  Itw.  per  lln.  ft.  The  labor  cost  was 
tI.S4  per  cu.  yd.  of  headlns,  and  tl.IO  per  cu.  yd.  ot  t>ench  ezca- 
Tstlon.  making  an  averan  of  tl.EG  per  cu.  yd.,  not  Indudlns  the 
Items  ot  Umberinc,  etc  The  labor  coat  of  erectloK  arch  and  pacUns 
back  of  It  WBB  $3.19  per  lln.  ft  of  tunnel ;  or  tT.SO  per  1,000  ft. 
B.  U.  The  labor  cost  of  erectlnK  plinnb  posts  and  dde  lagsInK  and 
pocklnK  mca«  was  U,ii  per  lln.  ft;  or  14-27  per  l.aOD  ft  B,  H. 
The  contractors  were  Falge.  Carey  A  Co.,  ot  New  York,  whose  auper- 
Intandent  was  Hr.  Frank  Horan. 

Tunnel  Driven  by  Hand  on  the  B.  4.  O.— Mr.  J.  Q.  Q.  Kerry  slvee 
deecrlptlon  and  cost  of  a  short  slnsIe-tTack  tunnel  built  In  lg9t  on 
the  W.  Va.  *  P.  R.  R.,  a  feeder  ot  the  B.  &  O.  system.  The  tunnel 
la  on  a  %%  xrade  falling  to  the  south,  with  a  length  of  SZ4  (t.  In 
a  soft  blue  day  shale,  nearly  dry  and  ■howlng  little  stratlflca.tlon. 
This  shale  disintegrates  rapidly  OD  exposure.  The  width  was  2S  ft., 
height  tratD  floor  to  spring  line  13  ft ;  seml-clrcular  arch  of  11^  ft. 
radlua  The  area,  of  the  heading  was  ZOg  sq,  ft :  bench.  293  sq,  ft ; 
total.  EOT  aq.  ft.  Work  was  all  done  by  hand.  The  heading  gang 
consisted  ot  1  foreman.  8  miners,  8  muckers  and  1  nipper.  Common 
laborers  were  paid  |I.4G  and  miners  (l.TS  per  10-hr.  day.  Three 
aeta  of  holes  (2  wet  and  1  dry)  were  drilled  in  the  heading; 
each  set  consisting  of  4  holes  about  4  ft  deep ;  and  24  ft  of 
boles  was  considered  a  good  day's  work  for  two  minera  Eacb 
bole  was  loaded  wllh  4  to  fl  sticks  (^  lb.  per  stick)  of  dynamite; 
and  the  average  advance  from  a  blast  was  i%  ft.  A  scaffold 
car,  or  go-devll.  whb  used  In  handling  the  muck.  It  was  provided 
irlth  a  derrick  and  also  used  for  handling  timbers,   lagging  and 

^le  bench  gang  consisted  of  1  foreman,  t  drillers.  10  muckeri 
and  1  nipper.  The  bench  was  shot  down  In  4-ft  holds  or  llft^ 
two  half-depth  blasts  t>elng  made  for  each  hold.  Bach  blast  con- 
sisted of  four  holes,  two  being  center  hotea,  and  two  nearly  vertical 
under  the  wall  plata  The  charge  was  10  sticks  to  an  outside  hole 
and  IG  sdcki  to  a  center  hole.  Muck  was  taken  out  In  1  ru.  yd. 
dump  can  In  trains  of  two.  Btone  flat  cars  with  platforms  flush 
with  top  of  wheels  were  used  for  handling  large  rocka.  The 
bench  was  kept  two  wall  plate  lengths  behind  the  heading,  making 
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the  same  progren,  m  tt.  per  ahlft.  The  actual  excavation  was 
at  the  rate  of  S  fL  per  shirt,  but  the  time  cODSumed  Id  pointing 
down  projectiona,  limbering  and  packing  being  equal  to  the  time 
spent  In  excavation,  reduced  the  average  progress  lo  m  ft  per 
shift.  The  work  was  done  by  contract,  and  it  cost  the  compan; 
at  contract  prices  as  follows  : 

ll.TiB  cu,  yds.  of  excavation  at  M.8B 133.11* 

742  cu.   yds.  of  packing,  at  $1.TG 1,298 

2GS  cu.  yda  of  fallen  rock,  at  fl.lS SM 

301,000  ft   B.   M..   at  fSO.OO 9.090 

ToUl  6!t  Iln.  ft  of  tunnel,  at  (TO.TO Mt.l^I 

The  actual  cost  to  the  contractor  was  about  tSG.OOO. 

The  method  of  handling  and  placing  the  aegmental  arch  timber- 
ing la  described  In  detail.  Tbe  timbering  consiated  of  a  T-aegment 
arch  of  12  x  IZ-ln.  white  oak  resting  on  IS  z  H-\n.  wall  plates 
on  top  of  the  posts.  The  It-ft,  wall  plates  were  Jointed  by  halving 
for  a  toot  at  each  end.  so  that  the  forward  end  always  showed 
Che  lower  halt  of  Che  Joint  The  arches  were  S  ft  c  to  c  The 
segments  of  the  arches  were  erected  on  temporary  centers  made  ot 
2-tn.  plank.  These  centers  were  erected  In  two  parts  aJid  Joined 
at  the  crown  by  bolts ;  a  long  dog-hook,  fastened  to  the  center, 
was  driven  into  the  preceding  arch  to  hold  It  In  place  laterally.  The 
arch  timbers  were  wedged  solidly  against  the  roof,  and  the  centers 
withdrawn.  The  tagging  was  close  laid,  all  voids  being  packed 
with  broken  sandWone. 

Bach  end  ot  the  tunnel  whs  lined  with  masonry  for  GO  ft.  the 
centers  used  In  this  lining  being  25  ft  long  and  mounted  on 
rollers.  During  use  the  centers  were  supported  on  wedges^  which 
upon  being  struck  lowered  the  center  enough  to  clear  the  rock- 
facod  voussolra  A  hole  was  left  In  the  crown  ot  ths  arcb-cenler 
lagging  so  that  the  voussolrs  could  pass  through.  Above  this  a 
piece  or  two  of  the  tunnel  lagging  was  removed,  and  an  Iron  bar 
placed  on  the  timber  archea  A  set  of  blocks  was  hung  from  this 
Iron  t>ar.  and  used  to  raise  the  voussolr  stone.  Qaa  pipe  rollers 
were  put  under  the  stone  to  roll  It  to  place  on  the  center  lagging. 
The  stone  was  then  canted  up,  and  a  rope  stung  around  It  ^x 
men  then  sliding  It  to  place. 

The  contract  prices  were  I*  per  «j.  yd.  for  portal  masonry.  IS 
for  side  walls  and  $14  tor  arch  sheeting.  The  cost  at  contract 
prices  per  Iln.  ft.  ot  that  part  of  the  tunnel  which  was  lined 
{excluding  portals,  fallen  material,  etc.),  was; 

Per  Iln,  ft 

Excavation,  at  t^.SS  per  cu.  yd. t  ES.GG 

Packing,   at   »1.7S   per  cu.   yd. g.09 

Timbering,  at  »8i).00  per  U J4.7B 

Side   walls   2a.i( 

Arch     21.41 

Total  per  Iln.   ft |ill.]( 
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Coat  of  thi  Bulk  Tunnal.— The  Busk  Tunnel  Ry.  Co.  built  a  tun- 
nel B,39G  ft.  long  on  the  Colondo  Midland  R.  R.  through  the 
RodV  UtB.,  11.7  miles  B.  W.  of  Leadvtlle.  The  contract  was  let 
to  K«efe  A  Co.,  and  work  was  besun  Sept.  IE,  1890.  After  all  but 
Bll  It  had  Ikeen  driven  the  work  was  turned  over  to  the  railway 
corapanj'  and  finished  under  the  direction  of  their  chief  engineer, 
Mr.  B.  H.  BryoDt.  l%e  tunnel  la  slncle  trat^  IS  x  El  ft,  with  10.3 
cu.  yds.  per  tin.  ft  excavation  In  rock  and  13.S  cu.  yds  where 
timbered.  The  heading  was  T  ft  high  and  the  full  width  of  the 
tunneL  The  flrst  6  holes;  8  ft  deep,  were  drilled  In  two  rows 
from  the  top  to  bottom,  holes  being  about  2  ft  apart  at  surface 
«nd  converging  toward  the  center.  The  tiring  et  theee  holes  made 
a.  V-Bhsped  opening.  A  second  set  of  holes  was  drilled  parallel 
to  the  sides  of  the  tunnel,  and  when  llred  the  remaining  rock  waa 
blown  Into  the  V-ahaped  openlnc.  The  bench  was  excavated  In 
the  same  way.     The  proKreas  was  as  follows : 

Drlvlns  the  2  headings 1,118     days 

Av.  dally  progress   8.4  ft 

Av.  dally  prOKress,  best  month 10.9   ft. 

Best  month's  ^28  days)  progress.  1  headluc    202. E  ft 

The  rock  waa  granite,  and  In  places  It  disintegrated  on  exposure, 
requiring  timbering;  In  other  places  It  was  so  full  of  seams  as  to 
require  tlmt>erln8;  so  that  78  iier  cent  of  the , tunnel  waa  timbered. 
Th«  contractor  was  paid  (or  the  tunnel  as  follows : 

B,S9tH  ft  of  tunnel  at  ftZ.EO tB8T,103.7G 

32,S7E  cu.  yda  enlargement  fortlmberlngat  12. EO      H1,417.E0 

Cost  of  timber,  2.721,000  ft  B.  M.  at  tlO 81.690.00 

LAbor  timbering  at  (IS  per  M. 32.876.00 

Total  e,t>tK  It  At  tt2.t0 $TeZ,307.E0 

The  plant  at  the  Ivanhoe  end  consisted  of  three  100  hp.  boUerSk 
two  20  I  2*-In.  Ingersoll  oompreasors,  one  20  it  2*-ln.  Norwalk 
oompressor,  one  10  hp.  engine  to  drive  electric  light  dynamo,  one 
SO  hp.  engine  to  drive  a  No.  B  Blake  blower,  14-ln.  air  pipe,  two 
pumps  with  14-ln.  steam  cylinders  and  10-ln.  stroke,  six  S^-ln. 
Ingersoll  drills  (4  In  the  heading  and  2  on  the  bench),  a  mall 
traction  engine  running  on  a  20-ln.  gauge  track  hauling  nine  S-yd. 
dump  carK  Coke  was  used  as  fuel  for  the  traction  engine,  so  that 
the  Mttoke  did  not  Inconvenience  the  tunnel  workmen. 

C«st  of  a  Tunnel  Near  Peekskllt,  N.  Y. — The  following  data  are 
given  by  Mr.  Geo,  W.  Lee,  engineer  for  Sundstrom  ft  Slratton,  the 
contractors  who  built  the  double  track  tunnel  dcBcrlbed.  The 
tunnel  is  only  2TS  ft.  long,  and  Is  on  the  line  of  the  New  York 
Central  R  R,  2H  milea  north  of  PeekskllL  The  yardage  as  shown 
on  the  plans  was  7,028  cu.  yds.,  but  as  the  rock  lay  In  strata  dipping 
at  an  angle  ol  4S°,  It  bKdce  out  on  the  uphill  side  so  as  to  leave 
large  pocketa  In  consequence  of  which  the  contractor  took  out 
10  per  cent  more  rock  than  he  waa  paid  for.  Owing  to  the  seamy 
condition  of  the  rock,  and  the  proximity  of  the  tunnel  to  the  main 
line    traffic    very    light   charges    of    dynamite    were    used,    which 
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Increaaed  the  coat  and  delayed  the  prasresa.  Rand  iteam  drtlU, 
i-In..  were  uaed.  A  heading  S  x  10  fL  was  ruD  and  the  bench 
was  kept  close  behind.  Rock  from  the  heading  waa  removed  Id 
small  narrow  gaee  oara ;  rock  from  ihe  bench  waa  loaded  Into 
atandard  gage  cars  by  derrick  cars.  The  following  waa  the  cost 
of  the  tunnel  eitcsvatlon : 

Bqutpment    (lesi    present    valua).    auppllee    and 

repairs    f  l.SSI.GS 

Dynamite  and  exploder* 1,S04,E8 

Coal     670.89 

Oil.    waste,   etc. SS.BO 

Lumber  for  houses  and  ahops 123.S8 

Miscellaneous    9S.I0 

Labor    tt.tlt.ii 

Total      tST,6»«.E4 

Average  cost  per  cu.  yd.  paid  for S.>3 

Ayerags  coat  per  cu.  yd.  taken  out 3.B< 

The  tunnel  was  lined  with  1 : 
bench  walls:  saj  cu.  yds.  In  the 
of  i  :3  ;6  concrete,  324  cu.  yds. 
follows  for  the   1.948   cu,   yds. ; 

Cement  at  tl.6S  per  bbl t  S.7BS.60 

Sand  at  75  cts.  per  cu.  yd »«.84 

Crushed  stone  at  80  cts.  per  cu.  yd l.lOt.SO 

Lumber. 

Mixing  platforms  and  runways 1880-89 

Ribs,    Including  hand    sawing 284.10 

Backing    boarda 184.44 

Lag^ng    841.04 

Sheathing    268,49 

Plates,  sills,  atuds  and  biacea 182.75 

1.497.71 

Coal     118.73 

Oil    1S.1I 

Hardware,   nalli^  spikes,  etc 114.89 

Tools     181.10 

Frelrtit  on  stone,  cement,  etc 1.D8S.S6 

Labor,  including  aupL.  foreman,  etc. S,<I8*.8! 

Total.  810,72  per  cu.  yd, flO.BBE.gt 

In  the  approHchea  to  the  tunnel  and  In  widening  cuts  south 
of  the  tunnel  4S,«98  cu.  yda.  of  rook  were  removed.  On  account 
of  proximity  to  traffic,  bloating  could  be  done  only  at  limited  periods, 
which  made  the  cost  of  excavation  high.  Rock  was  loaded  oti  flat 
CMS  with  stUt  leg  derricks  provided  with  bull  wheela  The  cost 
wa*  as  follows; 


Equipment    (less    preoent    value,    supplies    and 

repalri     J11.87S. 

Dynamite  and   explode™ <,688. 


Lumber    (or    buildings.. 


Total      t»1.6gl. 

Average  coat  per  eu.  yfl.  paid  for 

Avera^  coat  per  cu.  yd.  taken  out 

Cmt  of  Tunnelling,  Ataaki  Central  Railway.— From  data  com- 
piled by  Hr.  Q.  A.  Kyle,  and  given  In  a  Kreat  detail  In  Enolneenng- 
CoHtracHne.  April  T,  1909,  I  have  prepared  the  following  wmdenaed 
summary. 

The  work  comprlBCH  seven  short  tunnels  located  on  the  Alaska 
Central  Ky.,  between  miles  49  and  S2.  The  work  was  begun  by 
a  contracting  nrm.  but  taken  over  by  the  railway  and  llnlshad  with 
company  forces.  The  costs  are  all  high,  not  only  because  wages 
wet«  filgli  and  because  of  location  In  an  Inaccesslhle  country,  but 
because  work  done  nlth  company  forces  Is  almost  InvHrjably  more 
expensive  than  work  done  by  contract- 
Table  I  shows  the  length  of  pnch  tunnel,  and  the  cross- section. 
It  Is  worthy  of  note  (hat  the  "overlireak"  avemged  12.1%.  The 
rock  was  a  "hard  blocky  slate  with  fractures  at  right  angli 
axis  Of  the  tunnels."  It  broke  easily  and  almost  to  the  theot 
lines  of  the  tunnel,  end  required  no  timbering. 


The  standard  cross-section  waA  I<   ft.  between  side  walls 
ft.  between  top  of  rail  and  top  of  tunnel. 

Tunnel  Ifo.  I  was  built  by  company  farces  and  was  begun 
IS,  1»0«.  This  tunnel  was  located  lU  miles  from  the  ei  ~  ~ 
pleted  track.  The  tunnel  was  driven  entirely  from  the 
on  account  of  a  snow  slide  on  the  south  end.  making  It  Impossible 
to  work  on  that  end,  as  the  work  was  mostly  done  In  the  win- 
ter months.  The  tunnel  Is  6D9  ft.  long.  The  flraC  2G0  ft 
driven  with  steam  power  and  drills.  The  characli 
terlal  Is  of  a  hard  rocky  slate  and  Is  evidently  In  an  ancient 
Slide  from  the  mountains,  as  the  strata  were  badly  broken  up, 
Which  caused  a  great  amount  of  overbreak  outside  of  the  standard 
•ectlons,  the  same  being  2T  per  cent.  This  tunnel  was  on  a  14° 
curve  and  was  widened  to  give  a  minimum  clearance  of 
for  the  maximum  length  passenger  car.  The  alse  of  the 
WBS  IT  ft.  wide  between  timbers,  and  21  ft.  from  top  of 
clearance  at  top  of  tunnel.  Timber  was  used  for  39fl  ft. 
north  end.  The  balance  was  left  unllned,  but  later  had  to  t 
nearly  Its  whole  length  at  an  extra  hl^  cost,  which 
Included  in  the  costs  as  ^own  below. 

The  steam  plant  used  in  driving  the  first  iGO  ft.  of  the  tunnel 
WM  one  40  hp.  boiler,  one  10  hp.  boiler;  three  3Vi-in.  Band  drills 
wer*  used  In  the  heading.    The  woHt  carried  on  with  the  followlut 
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3  machine  drlllen. 
3  machine  driller  helpers. 
1  muck  boss. 
10  muckers.  1  lu  head  and  S  on  bench. 
1  light  tender. 


Making  21  men  and  1  horse  per  shift. 

The  Umbering  was  not  kept  up  with  the  bench,  as  the  material 
Btood  sufllclently  well  for  the  men  to  work,  allhougll  It  was  con- 
sidered dangerous  at  times. 

There  were  used  In  blasting  21  or  22  holes  tn  the  heading  g  to  10 
ft.  deep,  and  the  bench  was  taken  out  In  two  IKla  generally.  The 
heading  was  run  from  tO  to  60  ft.  ahead  of  the  bench  and  scaltold- 
Ing  used  to  dump  the  muck  from  heading  directly  Into  the  cars 
from  above,  two  plank  runways  supported  on  trestle  being  used  tor 
the  purpose. 

The  sloBm  plant  was  discontinued  on  April  H.  190S.  as  the  heat 
from  the  escaping  steam  at  the  drills  made  the  tunnel  loo  hot  for 
the  men  to  work.  The  progress  with  the  steam  plant  was  satta- 
taclory  with  the  above  exception  and  seemed  to  be  about  the  limit 
that  steam  can  t>e  used  economically,  via.,  ZSO  ft,  from  the  end  of 
tunneL  The  steam  was  carried  from  the  iKillers  to  the  drills  In  a 
ZH-ln.  pipe  and  the  escaping  steam  was  carried  from  the  drills  back 
out  of  the  tunnels  In  a  2-ln.  pipe  enclosed  In  a  wooden  box  with 
the  2H-ln.  steam  pipe  to  decrease  the  heat.  The  progress  during 
the  81  days  that  the  steam  plant  was  used  was  250  ft.,  and  the 
progress  made  while  the  air  drills  were  working  was  about  26  ft. 
per  day.  so  that  about  the  same  progress  was  made  during  the 
steam  plant's  operation  as  with  the  air  plant,  which  was  26.7  ft. 
This  might  t>e  accounted  for  by  the  fact  that  from  the  time  that 
the  steam  plant  was  discontinued.  April  14.  1906,  until  April  28. 
190G  (14  days),  when  the  air  plant  was  started,  there  was  not 
much  work  done  In  the  tunnel  excepting  to  work  on  the  bench. 
Which  was  considerably  behind  at  that  time.  From  the  time  the 
air  plant  was  Installed  until  Sept.  26,  1906,  150  days,  the  tunnel 
was  worked  continuously  and  was  practically  finished.  The  time 
from  Sept.  25  to  OcL  B.  the  time  that  the  tunnel  Is  shown  as 
completed  In  Table  II.  was  employed  In  dressing  up  and  completing 
(he  timbering  of  tunnel.  The  actual  days  worked  on  the  tunnel 
were  !3t,  making  the  actual  progress  while  work  was  going  on  3 
ft.   per  day.     Considerable  trouble  was  had  In  keeping  the  force 
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UD  to  the  standard  number  In  ttils  tunnel  on  accocmt  of  the  din- 
ceroua  cb&ractar  of  the  rociL 

The  colt  of  thEa  tunnel  was  aa  shown  In  Table  III   (the  length 
b«tDS  It)  ft.,  InvolvlDK  IZ.aSg  cu-  yds.  excavation)  : 

Tabu  III— Cost  of  TuNcnu. 


Compretior  and  Steam  Plant. 


LilKtitInK  compressor  house,  12S  gala  oil  at  40c t  O.OTZ  tO.M4 

D«p.    of  boilers    come,    plant    drills,    etc.,    10%    of 

original  cost  at  end  «r  track 3.044  O.lSl 

Lubricating  oil   for  compressor O.OSS  O.OdS 

EYelghtlng  machinery  for  plant.  26  tons  at  EOc  per 

ton  mile 0.07!  O.OB* 

Lubricating  oils  for  drills 0.0t«  O.DOl 

Machinist   repairing  plant 0.153  O.MI 

Building   for    compressor    plant    (mtla.    1184,    labor 

jaao)    0.470  o.oiE 

Total  compressor  and  steam  iriant %  I.94S  $0,111 

Fuel 

Coal  at  end  of  track  (286  tons  at  fS.SO) %  3.J40  tO.IBl 

Freighting  2SB  tons  coal  from  end  of  track,  at  50c 

Kr   ton  mile 0.761  0.041 
«Ilaneous  labor  hauling  coal  and  ashes  S  moa 

at    (85.00. 0.»7!  O.OBI 

Horses,  hauling  coal  and  ashes  8  moa.  at  148.00...  0,549  O.OID 

Total    fuel f  G.628  t0.104 

Ei(|r<n««teii,  Etc. — CompT.  Pbtnt. 

G  moa  engra.  at  12^0  per  mo.   (2  mm) t  1.T88  tO.OBt 

160  days  firemen,  at  83.00 0.644  0.016 

82  days  firemen,  at  86.00   (2  men) 0.704  0.0J8 

Total  engineers  and  firemen t  3180  tO.lt* 

PIpv  Line. 

Dep.  of  pipe  line  and  Attlngs,  60%  of  1st  cost I  0.8E9  80.011 

Hose  and  parts,   Ist  cost 1.761  O.OH 

Laying  pipe  line.  800  fL  at  20c 0.119  0.01! 

Total  pipe  line 8  2.8S0  tO-lK 

lAghting  TiinneL 

Candles    t  0.705  10.018 

Coal    oil 1-048  O.OH 

Oasollne     O.300  0.01* 

Buckeye  lights  and  torches  (dep.,  E0%  of  1160,  first 

Freight  haiiilng  iV  tons'j  'mtiea.  at  iOc'per  ton  mile  OiOlft  oiooi 

Labor,  24G  days,  attended  llghtat  at  18  dar 2.101  0.114 

Total,  lighting  tunnel 8  4.301  80.131 

BlachamltMng. 

266  days,  at  19.00   (Z  men) t  G.68S  O.IOT 

14.S  tons  coal,  at  820  per  ton,  at  end  of  track 0.423  0.021 

14.1  hauled  from  end  track  to  tunnel,  at  4ac  per  tan 

mile,  -  11. ao  per  ton 0,034  0.008 

Depreciation  of  tools  (SB%  ot  8316,  flnt  coll) 0.226  0.011 

Total    blacksmlthlng 1  8.369  80.344 


RAILIVAYS. 

Bnolnecring  and  BvpcHntendgnce. 

Engf  neerliiK     }      J.gfil 

Superintendence   2.&TG 

Total  englnMrtng  and  superinteodence |     B.438 

Labor  Bxeavatlng. 


Horae«  49<  dajra  at  fl.50. . 

Total  laJxir  in  tunnel  excavation t  79.401 

ExploMvet. 


Toola,   hand t 

Tools,  drill  Bteel.  dep.  50%  Ant  coat 

Cars,    trBcka,    dep. 

UtscellaneauB  hardware  and  sundries 

Lriimber  ror  BcaSoldlns  and  mlacl.,   39,3B3  ft.  B.  B£. 

at   tia.oo 

Hauling  above  material.  112  tona,  at  $1.60 

Total    materlaU t 

Total  making  roads  and  trails I 

Total   excavation »  »6. 

Total  timber  lining  («ec  Table  IV) t  11. SOS     10. 

Total  cost  of  tunnel (138.463      $7. 


Sumniar]/. 


lln. 


n  compreaaor  plant. 


..I   12. 


JO. 


.811 


excavation  for  scBfColdlnB,  i 


Orand  total  cotnpresaor  plant t  '■ 

Lighting   tunnel 

BlackRmlthfng    

Labor   on    eicovallon 

BxpIOBlvea 
Material  uned  In  e 

RoadB  and  tralta 

Timber   lining; 

Engineering  and   superintendence.. 

Total  coat  of  tunnel »ia8.458     (7.477 

There  were  fll.S-lbs.  of  dTuamlte  used  per  lln.  ft.  of  tunnel,  or 

8.67  Iba  per  cu.  yd. 

There   were   nearly    SO    lln.    ft.    of   hole   drlHed   per   Hn.   ft.    of 

tunnel,  or  1.8  lln.  ft  of  drill  hole  per  cu.  yd.     The  extravagantly 
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1  when  rodoced  t 


Total  cORipreBnar  plant  charsei  (116.057  per  Itn.  fL  of  tuiuel)  .$D.S1 
Wagpfl  of  drlllen  and  helpers O.IS 

Total  per  K.   of  drill  hole 10.74 

Tbe  plant  uaed  on  this  tunnel  waa  as  toUowB ; 

1  10   hp.   flrebox,   water   bottom   boiler  with   alack  Injector  and 

1  12x11x14   Inch   FranlUln   atral^t   line   air   MKnprewor.    steam 
driven,  capoclly  150  cu.  ft,  of  air  per  minute. 

1  30-tnch  by  10  ft  air  re(>elver. 
760  ft.  4-Inch  gas  pipe. 

400  ft.  SK-lnch  saa  pipe. 

SOO  ft.  l-lnch  SBB  plpe. 

tSO  ft.  1-lnch  armored  rubber  air  hose. 

ISO  ft.  2-Inch  armored  rubtier  air  hose. 

t  SU  Band  drllli. 

4  3U  Rand  drills. 

2  2%  Rand  drills. 
6  tripods. 


1,000  lbs.  X  ateel. 
Blacksmith  outfit. 
Pipe  tools. 
Pipe  fli tings. 
Repair  parts  for  drilts. 


Tablb  IV — Cost  or  Tiubbh  LiHiNa. 


Company  force,    148   ft,  tunnel    lining.  TolaL 

SO  cords  wood,  at  11.32  per  cord %    266.67 

SO  cords  wood,  at  12.00  per  cord 240,00 

Total  cord  wood t    600.BT 

B.400  ft.  B.  M.   timber,  at  122,22 1.199,!8 

GS6  lbs.  Iron,  at  Gc 1S.33 

6.400   ft.  B.  M.  limber,  at  tl2 648.00 
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Control  for  SIS  Un.  tt 

i-il 

Cji8EI:l■.S£flSES:rtV4■.^^"!''."^.?™!'?: 

i:s; 

Timber  framed  t> 

Total  timber  for  148  ft  tunnel 14,208.32  m.SSS 

SS.74   cords  wood,  at   t4.    labor 39g.»6         

90.5«   cord*  wood,   at   IS.   labor I71.fl8         

180.30  corda  wdihI.  at  (3,  material   end  track ST0.9Q         

Total   cords  wood  back  filUns tl.241.G4  t  G.OOt 

Cort  of  £18  lin,  ft.  IIdIdk ta.44».g6  tSI.STE 

Total  for  39S  lln.  ft.  tunnel  lining tT,833.S4  |19.Tg: 

Total  tor  SR9  lln.  ft.  tunnel  lining tT,S32.e4  171.206 

The  wage  scale  was  as  follows : 

Position.                                                            Per  month.  Per  day. 

Snperlntendent    '1300 

Walking   boss •  ITE 

Shift    bone* te.OD 

Ifuck  bosses 4.00 

Uachlne   drillers 4,00 

Bfachlne   helper* 3,00 

Carpenlera 4.00 

Blacksmllhs    4. BO 

Powder   thawer t  3.l>a 

UsehtnlM    1125  

Enslnoera    t  12S  .... 

Firemen     t  3.00 

Muckers     t2.TG  to  3.00 

Camien     tZ.TS  to  3,00 

Other  general  labor t  LIB 

•And  board.    tPald  their  own  board  at  tO  per  week. 

The  price*  of  eiploatves  were  aa  follow*: 

Per  lb. 

Dynainlte,    70  per  rent tO.lSS 

Drnaunlte.    tO  per  cent 0.170 

I>fnamtte.  40  per  cent 0.140 

Buck    powder OIG 

Champion    powder IIO 

Tlgorfte     120 

Trbiltt     110 

43ap»     J0.90 


FUS»     t0.7S 

Electric  exploders,  4'  to  14'  leads,  average  all  lengths,  10  It. .  E.OO 
runnel*  Sot.  t,  S,  t  and  1. — The  character  of  rock  In  all  these 
tunnels  was  practically  the  same,  being  a  hard  blocky  slate  with 
fractures  at  right  angles  to  the  azl*  of  tunnels.  The  rock  drilled 
and  broke  easily  and  almost  to  the  theoretical  line*  of  the  tunnel, 
and  did  not  require  any  timbering,  for  the  present  at  leasL 


J 
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The  standard  croaa  tectlon  was  14  ft.  wide  between  side  wsU* 
and  21  ft.  between  top  of  rails  and  clearance  at  top  of  tunnel. 

The  UghtlnB  was  with  torches  and  Wells  standard  lights,  one 
□f  tho  latter  In  each  face  of  tunnel,  and  gave  good  Batlafoctlon,  the 
electric  llshtlng  plant  that  was  bought  for  the  puipose  not  belns 

Lbs. 

Explosives  used  In  these  tunnels  vera 90.194 

Per  lineal  foot  of  tunnel 44.T 

Per  cubic  yard  In  tunnel 3. ST 

Per  lineal  foot  of  hole  drilled  In  tunnel i,4G 

The  work  was  carried  on  In  the  same  manner  as  tunnel  No.  1. 
tIi.  :  using  21  holes  In  the  heading,  8  ft.  deep,  and  the  bench 
taken  out  generally  in  two  lifts,  the  muck  taken  from  the  headings 
on  wheelbarrows  by  two  men  and  wheeled  on  planks  supported 
by  trestles  and  dumped  directly  Into  the  cars  from  tho  wheel- 
batrowB,  The  work  was  carried  on  In  shifts  of  10  hours  each, 
part  of  the  time  day  and  nigfat,  with  the  following  force  In  each 
shift,  vli. ; 

1  foreman. 

3  machine  drillers. 

S  machine  driller  helpera 

1  light  tender. 

S  muckers.  2  in  headltig,  S  on  bench. 

1  dump  man. 

1  blacksmith. 

I  engineer. 

1  fireman. 

Making  2B  men  and  1  horse  In  all  per  shlfL 

When  the  company  took  these  tunnels  over  from  contractors. 
Mr.  Hartin  Horan.  who  la  an  experienced  tunnel  man,  was  hired  as 
general  superintendent  lo  look  after  the  work. 

There  was  also  trouble  In  keeping  men  on  these  tunnels  on 
account  of  scarcity  of  labor  at  that  time,  and  a  system  of  paying 
a  bonus  of  so  much  per  foot  to  each  man  connected  with  the  wotfe 
after  a  certain  number  of  feet  per  day  was  driven,  was  put  into 
effect,  which  is  shown  In  Table  II. 

The  actual  work  of  driving  tunnel  No.  Z  by  air  was  begun  Feb. 
2D.  190e.  and  finished  May  12.  1906.  requiring  SI  days  to  complete 
the  remaining  2S0  ft.  or  an  average  of  S,4«  ft.  per  day. 

Tunnel  No.  B  was  driven  from  both  ends :  from  the  aouth  end 
629  ft.  and  from  the  north  end  i26  ft.  by  air  drills!  TS  ft  of  the 
south  end  was  driven  by  hand,  and  the  remaining  4E4  fL  by  air 
drlllSL  Work  on  the  South  end  began  with  the  air  drills  on  Feb. 
20,  190E,  and  finished  July  11,  I90II.  The  north  end  was  begun 
Feb.  28  and  finished  July  11.  ISOS,  an  avmige  of  S.IO  lln.  ft.  per 
lay  on  the  south  end  and  the  same  on  the  north  end. 
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Tunnel  No.  C  was  began  with  air  June  18,  190S,  and  flnlehed  Oct 
15,  190S,  requiring'  ISO  dayH  to  Unliih  at  an  averase  per  day  of  1,S1 
lln.  ft.  The  Blow  progreiiH  at  this  tunnel  Is  evidently  on  account  o( 
th»  lack  of  power  to  run  three  headings  at  a  time,  ae  they  were 
working  la  tunuel  No.  T  at  both  ends  at  the  same  time,  and  It  was 
ImpoBSlbla  to  carry  all  the  headings  on  full  force  at  once. 

Tunnel  No.  7  was  driven  from  both  ends  at  once  time,  but  the 
exact  data  are  not  available  to  segregate  the  number  of  feet 
driven  on  each  end.  This  tunnel  was  iMgun  May  Zi,  1906.  and 
flnlshed  Nov.  4.  1906,  requiring  146  days  to  complete  at  on  average 
of  4  ft.  per  day. 

See  Table  II  for  other  data.  Wages  and  prices  of  materials  were 
the  same  as  for  tunnel  No.  1,  above  glvtn. 

These  four  tunnels  (Nob.  2,  3,  fl  and  T)  had  a  total  length  of 
2.024  ft..  Involving  the  excavation  of  25.257  cu,  yds.  of  rock. 
There  were  11.5  fL  of  drill  hole  per  lln.  ft.  of  tunnel,  or  2.43  (t. 
of  drIU  hole  per  cu.  yd. 

The  ilemlsed  cost  of  the  work  on  these  four  tunnels  averaged  as 
given  In  Table  V. 

Tabli  V. — AvxaAGB  Cost  or  4  Tumnsls. 

Compressor  Plant:  lln.  ft  cu.  yd. 
Dap.    compressor    plant.    Interest,    etc.    (30%    flrst 

cost     t   2.402  10.192 

L.ubrlcatlng  oil   for  compressor 0.032  0.002 

Compresmr  building   0.207  0.018 

Haehlnlit    labor    repairing   plant 0.032  O.OOJ 

Frelghtlns  niachlnery   ( SO  tons,  at  12.50) 0.074  O.OOE 

IJghtlnK  compressor  building   (125  gals,  coal  otl, 

at    40    cti) 0.024  0.002 

Total    compressor    plant f  2.831         10.226 

Pipe  Line: 
Pipe  and  flttlngs  (00%  first  cost,  for  dep.  and  In- 
terest)            0.662  0.045 

Hose  and  paru 0.248         O.O20 

L.ubrlcatlng  oil  lor  drills O.OGS  0.005 

Laying  pipe  line  from  compressor  to  tunnels....     0.S7S  0,054 

HBUllns    (26    tons   pipe,    at    12.50).... 0.042  0.003 

Total    pipe    line %   1.5S4  tO.127 

Fuel: 

Coal  at  end  of  tracic    (980  tons,  at  (3.80) t  4.261  t0.341 

Hauling   (at  (2.50  per  ton) 1.211  0.OO7 

Mlscallaneoua    labor    hauling    coal    and    ashes    (3 

moa.,    at    fl25) 0.494  0.030 

Fire    wood     0.138  0.011 

Hor«es  hauling  coal  and  ashes,   at  compreaaor   8 


'.  ^t^V^.", 


Total   fuel    for    compressor f  6.3SS  fO.511 

Enfflnemeii,  Etc.: 

Knglneers    (S   mos.,  at   J2S0) t  0.088  I0.07S 

2  Hremen    (245  days,  at  (8.00  per  day) 0.72e  0.068 

Total    engmeers   and   Hremen »™714  10.187 
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EactmaUno-' 

BoouB    f  l.BSa      |0.1in 

l4ibor,  Including  ahlft  bosaea  and  muck  bi 
HorM*  on  cara,  etc 

Total   labor  on  tunnels   

Total   rosda  and   trails 

BsptoHvea: 

Elxploalves — powdar     

Fuse.  caps,  axploders.  lead  wire.  etc. 

Total   exploslvea    

■   Hand   tools    

Drill  Bteel  {60%   original  cost  tor  dep.).. 
Cat^   tracks,  otc.   depredation 

Total   tools   

Jfaterlola.' 
Mtscellaneoua   hardwaro   and  aundrlea. . 


Total   lumber   and   hardware.. 
Ennineerine,  Etc.: 
SuperlD  tendance     


ml.) 


Coal   oil    '..'.'.'...'.'. 

GBBollne     

Buckeye    lights    and    torches    (B0% 

dep.    and   Interest) 

Hauling  (33  tons  at  tZ-EO  per  ton, 
Labor  attending  lights   (24&  days, 

Total  lighting  tunnel 

BlackMrnUhing: 

iM  days  blacksmith  log,  at  |4.E0 

Eao  days  black  smithing,  at  14.00 

tea  days   blacksmlthlng   at    J3.00 

19.83  tont  blacksnlth  coal,  at  (£0.00  end  track.. 


Total    blacksmlthlng 

Orand    total    

The  following  Is  a  summary  o 

Comyntaor  Plant: 
Machinery  dep..  lighting,  trt.   on 

Fuel    tor    compressor 

Engineer  and   fireman 


lio-n. 
SSI 
Ml 
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Sxcavattnp: 

Tool"     I  n  718 

Lat>or   (comprewor  plant,  drllllDK,  etc.) '.   6j!a«l 

Roads  and  iralla .  0  781 

GxploalVMi   cap  and  fuie 8.'siB 


O.TSl  d!o«3 


E^nglnseriQB   and    superlnteadence ',','.','.-','.',      S.OZl  o!i4J 

Total  excavation   %W.2t9        IbIt* 

Total    lighting    tunnel $  i.isl        itTiTT 

Total   blackamlttilnK   |  2.917         loTiii 

Grand    total     JS4.9Z7  ffl.TSl 

The  very  high  cost  of  the  drilling  Is  shown  by  the  following  coat 

per  lln.  ft.  of  drill  hole: 

Per  11  a,  (t. 

CompreBBor  plant  <|ia.S2  per  lin.  TL  tunnel) in  i-t 

Drille™  and  helpers   [\\   OZl 

'''''""     10.63 

Tvnnela  Noa.   f  and  S. — These   tunnels  were  driven   by  c 


and  hand  drills  were  used  entirely.      See  Table  II  for  tim 
to  these  tunnels,  and  Table  I  for  "overbreak"  data. 

The  advantage  of  doing  this  work  by  contract  Is  well  shown  by 
the  following  coats,  which  were  the  coats  to  the  railway  company 

Cost  of  Tunnbl  No.  t   (404  Lin.  E^.). 

TotaL  lin.  fL     cu.  yd. 
S,07g  cu.   yda  tunnel  excavation,  at  14.60 

per   cu.   yd. |  B.lBl.OO     

97i.B   cu.   yds.   tunnel  excavation,   at  |B..      4,803.00     

1,403.E  cu.  yds.  tunnel  excavation,  at  |4.TB      7,091.11     

1.S44.1   cu.   yds.    tunnel  excavation fJl. 108.13  16147  $4,497 

Tlse  of  2  cars  160  daya,  at  tl.OO ,         KD.OO  .38  034 

Horses    (or    cars 70.00  .17  .OIB 

Engineering     670.00  l.Og  ,141 

Superintendence     SS2.4S  .96  .081 

Total     t32.«O0.S8      Ml^     (4.770 

Cost  of  Tonnkl  No.  6   (304  Lin.  Ft.). 

Total.  lln.  ft.  cu.  yd. 

3,71S  cu.  yda  tunn«l  excavation,  at  f4.ea.tll,TST.OO  (65.15  (4.50 

Uso  of  two  cars  138  days,  at  tl  per  day. .        136.00  0.46  .04 

Engineering     630.00  1.74  .14 

Superintendence     389.00  l.ZS  .10 

Total    coat    »17,e!3.B0     (E8.6S      (TtS 

It  will  be  seen  that  the  tunnels  driven  by  company  forces  cost 

E0%  more  than  the  tunnels  driven  by  contract. 

Cost  of  the  N«w  Riton  Tunnel.*— Mr.  Joseph  Weidel,  Asst.  Engr., 

A.,  T.  A  3.  F.  Ry.,  gives  the  following : 

'Bnginterlng-CentracHiig,  ISay  3,  1909. 
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DurEng  the  Intter  iiev«nti«a  of  the  pa«  century,  when  the  Santa 
Fe  RiUlway  was  built  westward  and  aouttward  througb  Colorado 
and  New  Mexico,  a  tunnel  was  found  to  be  necessary  In  crosslnl  the 
divide  of  the  Raton  Rangie,  a  spur  of  mountalna  projecting  attftward 
from  the  Taos  Range  In  southern  Colorado.  This  tunnel  was  built 
durlns  the  years  of  ISTB  and  ISTl,  and  while  11  was  under  con- 
si  ruction  a  Bwllch  back  was  used  In  crosslnE  the  ranse-  Its 
length  Is  2,0aT  ft.,  and  It  Is  on  an  ascending  grade  of  Z%  from 
the  east ;  the  summit  being  at  the  west  portal.  The  gmdei  ap- 
proaching (he  tunnel,  from  either  end,  are  184.8  ft.  per  mile.  The 
tunnel  Is  18^  ft  high  above  top  of  rail  and  has  a  clear  width  of 
14   ft      About  60%  of  the  tunnel  Is  lined  with  timbera 

This  original  tunnel  had  been  In  constant  use  for  about  2»  years 
when  the  Increase  in  traffic,  slie  of  rolling  stock,  and  loads,  and  the 
neceeelly  of  extensive  repairs  forced  the  company  to  build  a  new 
tunnel.  The  new  tunnel  occupies  a  site  adjacent  to  the  old  one  and 
at  the  east  portal  the  two  are  only  40  ft  apart,  center  to  center.  At 
the  east  portal  the  subgrade  of  the  new  tunnel  !■  about  II  ft  lower 
than  the  subgrade  oF  the  old  lunneL  The  new  tunnel  In  an  an 
ascending  grade  of  O.S()%  from  the  east:  the  sununlt  t>elng  at  tha 
weal  portal. 

The  new  tunnel  Is  Z.TSG  ft.  long,  IT  ft.  wide  at  spring  line,  and  U 
ft.  high  above  top  of  rail  and  Is  lined  throughout  with  a  concrete 
wall  of  an  average  thickness  of  24  Ina  There  are  two  shafts  ap- 
proxlmately  6x10  ft  In  the  clear.  One  of  these  shafts  Is  CBS  ft 
from  the  east  portal  and  the  other  1,100  ft  from  the  west  portaL 

The  contract  for  the  construction  of  the  tunnel  was  awarded  to 
The  L^ntrv  Contracting  Co.,  a  Kansas  corporation,  organised  for 
this  particular  purpose.  The  papers  were  signed  on  April  E.  19QT. 
and  stipulated  tliat  the  tunnel  was  to  be  completed,  ready  for  track 
laying,  by  March  1,  190S.  There  was  a  penalty  and  premium  clause 
In  the  contract  of  }100  per  day  for  every  day's  variation  from  the 
stipulated  time  of  completion. 

In  what  follows.  It  must  be  borne  In  mind  that  the  contractor  had 
not  hitherto  been  In  the  business  of  tunnel  building  and  he  conse- 
quently found  himself  without  a  suitable  working  plant  or  organisa- 
tion at  the  time  the  contract  was  signed, 

Mr.  Charles  E.  Hlgbee,  of  Denver,  Colo,,  was  engaged  as  Super- 
intendent of  Tunnel  Excavation  and  Hr,  S.  A.  Haley,  ot  Kanns 
City.  Ho„  was  engaged  as  Superintendent  of  Concrete  Work.  Both 
of  these  gentlemen  had  had  wide  experience  In  their  re4>ectlve 
lleldB,  and  tt  was  under  their  direction  that  the  work  was  success- 
fully completed. 

A  central  power  plant  was  Installed  near  the  west  end  of  the 
tunnel.  The  principal  items  of  this  central  plant  were,  one  bat- 
tery of  two  horisontal  tutnilar  boilers  of  100  hp.  and  80  bp.,  re- 
spect ively ;  one  Sullivan  Straight  JUne  Air  Compressor  W.  B.  1, 
20  t  22-ln.  cylinder :  one  90-hp.  Armlnglon  A  Sims  steam  engine  for 
driving  the  generators;  two  2G-kllowatt  Bipolar  SIdlson  Qeneratora 
if  1!S  volts:    together  with  pump^  tanks,  steam  and  water  pipes 


and  such  other  appliances  as  are  needed  In  an  up-to-date  power 

A  secondary  steam  plant  whh  located  on  top  of  the  mountstti  lor 
the  purpoTO  of  HupplylDE  power  for  operating  the  holats  at  the 
shafts.  A  100-hp.  boiler  was  Installed  and  the  steam  was  carried 
In  pipes  laid  on  tlis  surface  of  the  ground,  from  the  boiler  to  the 
holBt,  for  a  distance  of  BOD  ft,  each  way. 

From  the  central  power  plant  at  Lynn  a  4-ln,  air  line  was  laid 
along  the  mrfaca  of  the  ground,  over  the  top  of  tlie  mountain,  to  the 
Wootton  portal.  At  the  Lynn  portal,  as  well  as  each  of  the  shafts, 
2-In.  tees  were  Inserted,  from  whence  the  air  was  carried  down 
Into  the  headings  and  shatts  by  Z-ln.  pipes. 

The  drilling  machinery  consisted  of  10  Sullivan  piston  and  10 
Jeffrey  rotary  power  drills.  For  ventllntlnK,  2  No.  m  Baker's 
rotary  blowers  were  secured.  These  were  operated  by  2  7W-hp. 
motors  of  Z30  volts  and  28  it  amperea  This  outflt  was  moved  from 
place  to  place  as  needed.  The  cages  In  the  shafts  were  operated  by 
hoisting  engines  using  either  compressed  air  or  steam. 

For  excavating  the  bench,  a  No.  20  Marlon  steam  shovel  was 
used.  This  shovel  was  operated  by  compressed  air  from  the  central 
power  plant.  Three  dinky  engines  kept  the  shovel  supplied  with 
cars:  Ten  3-cu.  yd.  dump  cars  were  needed  to  supply  the  shovel, 
6  In  a  tmln. 

The  roclc  crushing  and  concrete  mixing  plant  consisted  of  1 
AJax  boiler,  an  engine  mounted  on  wheels,  l  Simmons  No.  ]a  rock 
cruaher,  1  H-cu.  yd.  concrete  mixer  of  the  Ransome  type,  10 
m-cu.  yd.  dump  cars  and  an  Incline  tor  hoisting  the  loaded  cars 
from  the  tunnel  grade  onto  the  working  platform  at  the  spring  line. 

There  was  also  constructed  an  electric  light  and  power  tine  over 
the  mountain  for  supplying  light  and  power  to  the  camps  and  tun- 
nel.    A  telephone  system  was  also  Installed. 

The  grading  outfit  was  of  the  usual  kind. 

Owing  to  the  lack  of  water  on  top  of  the  mountain  the  company 
■hipped  In  four  tank  cars  full  every  24  bra.  approximately  40.009 
gals,  being  required  (or  all  purposes  each  day. 

On  April  is,  190T,  ground  was  broken  for  the  power  plant  at 
I-ynn.  While  the  camp  and  power  plant  were  In  course  of  con- 
struction work  on  excavating  the  approaches  at  Wootton  and  Lynn 
was  In  progress.  On  April  S  work  was  begun  excavating  the  shafts. 
The  drilling  was  done  by  hand  and  the  excavated  material  was 
hoisted  br  animal  power.  These  shafts  were  dug  atiaut  8x12  ft. 
In  the  clear  and  were  109  and  IIG  ft.  deep,  respectively,  measured 
from  the  crown  of  arch  In  tunnel.  The  material  penetrated  was  soft 
sandstone,  hard  shale  and  some  coal. 

By  May  9,  when  the  power  plant  was  ready  for  service,  the  ex- 
cavation oC  the  shafts  had  been  practically  completed,  all  of  the 
work  having  been  done  by  hand  and  animal  power,  for  the  benellt 
of  those  who  may  have  occasion  to  construct  shafts  under  similar 
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condltlona,   I  aubmlt  the  tollowlnK  table,  whicb  »bowa  the  coM  ol 

excavBttne  ShaCt  No.  1 : 

Forenmn,     at     |4.E0 t    3T6.iS 

Shaft   men,    at    13 1,7SI.B0 

Nippers,    at     t2 S2.00 

Tlmtier   men,    ut    13,50 56.00 

Teams,   at    fZ.SO 1S2.B0 

Teamsters,    at    (2 »S.Otl 

3ST  cu.  yds.  excavation,  at t2,481,!5 

The  cost  per  cubic  yard  o(  excavation  was,  then,  as  follows: 

Labor     .VjtW 

Explosives     75 

Total     19.00 

It  may  be  slated  that  this  includes  the  placing  of  approximately 
20,000  fL    B.   M.   of  timber  lining. 

On  May  9  the  actual  work  of  tunnel  excavation  waa  begun  by 
shooting  the  first  round  of  holes  In  headlog  No.  6  at  the  Lynn  portaL 
On  Uay  24  heading  No,  5  was  started  and  on  Uay  28  heading  No.  1 


Fig.  4. — Cross-Sections  of  Tunnel. 

was  started.  On  July  9  headings  No.  5  and  No.  t  met  at  Station 
7  +  IZ.  Lynn  end,  and  on  same  date  headings  Noa.  2,  S  and  4  were 
started.  Headings  Nos.  1  and  2  met  on  Aug.  8  at  Station  S  +  10, 
Wootlon  end.  Headings  Noa  S  and  4  met  on  BepL  B  at  Station 
2  +  00,  Wootton  end,  Ihus  completing  a  hole  through  the  mountain 
2,788   ft.  long  In  122  days  from  time  of  beginning. 

In  taking  out  the  headings  It  was  found  that  from  12  to  18  holes 
were  necessary  to  cover  the  face  In  a  satisfactory  manner.  The 
center  set  of  holes  was  pointed  so  as  to  remove  a  wedge  of  rock ; 
other  holes  were  then  pointed  straight  abend.  Those  at  the  sldei. 
lop  and  bottom  were  pointed  slightly  outward.  The  average  depth 
of  these  holes  was  S  ft.  and  the  diameter  214  Ins.  Sullivan  piston 
and  Jeffrey  rotary  drills,  the  former  mounted  on  tripods  SJid  col- 
umns and  the  latter  on  the  usual  frames,  both  operated  by  com- 
pressed air  at  90  lbs.  pressure,  were  used. 
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As  BoaD'aa  ths  drilling  irsa  flnlehfld  the  holes  were  cleaned  by 
blowlns  compresaed  sir  InLo  them.  They  were  then  charKSd  with 
djinamlte,  which  wks  exploded  hy  fuse.  Puaea  instead  of  electric 
explodera  ware  uaed  bacauae  of  the  former  permit  of  timing  each 
■hot  In  mich  a  way  aa  to  give  the  best  reeulta  from  the  exploBtves 
used.  For  Instance,  the  central  set  of  holes  Is  Ored  flrst.  removing 
a  wedge  Bo  tliaC  the  succeeding  shots  will  have  two  free  fac«a  toward 
which  thev  can  break  the  rock.  The  "inuckere"  at  the  bottom  are 
flred  lasL  Their  function  Is  to  throw  back  the  debris  bd  that  the 
driller*  will  be  delayed  as  little  as  poaslble  before  they  can  proceed 
with  the  next  set  of  holea. 

The  shots  were  generally  Sred  Just  twfore  meal  time.  Immedi- 
ately after  they  had  been  Qred,  comprefwd  air  was  permitted  to 
escape  Into  the  headlngH  and  the  ventilating  fans  were  started.  It 
was  thus  possible  to  clear  the  headings  of  gases  so  that  they  could 
be  entered  after  the  meal  hour  without  loss  of  time.  Before  llrlng 
the  shots,  sheets  of  holler  Iran  were  qjread  on  the  ground  just  In 
front  of  the  boles  to  lacUltate  the  handling  of  debris  after  blasting 
When  the  workmen  returned  from  their  meals  the  headings  bad 
usually  been  cleared  of  Bases  and  fumes  and  the  drillers  and  their 
helpers  would  enter  and  proceed  to  shovel  back  any  rock  that  was 
found  to  obstruct  the  working  IronL  As  soon  as  this  was  done,  they 
proceeded  to  drill  a  new  set  of  holes  for  the  next  blast  The 
debris  was  loaded  by  from  S  to  10  laborers  onto  cars  at  1%  cu.  yds. 
and  H  cu.  yd.  capacity.  The  former  were  used  In  the  headings  No. 
1  and  No.  S.  while  the  latter  were  used  In  headinxe  Nob.  2,  1,  t  and 
6,  Th«  former  were  pulled  by  animal  power  to  the  portals  and  tbe 
l&tter  were  propelled  by  man  power  to  the  shafts.  From  the  por- 
tals the  lU  cu-  y^  CA)^  i^i>  ^y  Ei^vlty  to  the  waste  bank,  the 
empties  being  brought  back  by  horses  or  mules.  The  smaller  cars 
at  the  shafts  were  raised  to  the  surface  by  hoisting  engines  operat- 
ing cages. 

The  following  Is  a  statement  of  the  cost  of  excavating  heading 
No.  I: 

Rate.  Total. 

Machine   foremen    14. GO  %    495.00 

Machine  men    4.00  1,19S.00 

Machine    helpers    3.50  1.040.00 

Nippers     2.50  B07.60 

Muck    foremen     3.50  38T.O0 

Laborers     2.25  Z.3T6.60 

Teams     2-60  315.00 

2,8S7   cu.    yds.   material   excavated...  (6,922.00 

Tbe  coat  per  cubic  yard  for  excavation  was  as  follows: 

Per  cu,  73- 

Field   labor   tZ.!9 

Labor    operating    power    plant 0.31 

I^bor   in   camp  and  supervlslan O.gg 

Powder,  fuse  and  caps O.GE 

Coal     0.80 

Depreciation     0.8S 

Total K.OS 
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A  summary  of  tlio  t 


11  S  beadlncB  !■  Klvan 


Ft.       Cu.  yds. 


eaa 


.    13.Z3a.78 


e  788  2,S37 11,IIG.7« 

The  materia)  penetratecl  In  heading'  Ka  1  was  soft  saadatooe, 
while  the  other  beadloKB  were  mixed  sandstone,  coal  and  shale.  The 
most  lapld  progresa  was  made  In  headlDg  No.  6,  where  there  was  no 
Umber  linlns  to  contend  with.  The  average  dally  progresi  In  thl» 
heading  was  im  li.,  while  for  the  IbhI  nine  days  the  dally  average 
was  17  K.  This,  of  courae,  means  per  2i  hrs.  About  5E%  or  the 
headings  were  taken  out  through  the  ^lafts. 

In  moving  the  bench,  holes  were  drilled  ■vertically  about  7  It. 
apart.  Thaee  were  shot  as  In  open  cut  work.  The  muck  was  loaded 
by  a  No.  20  Marlon  steam  shovel,  operated  by  compressed  air.  Tm 
3-cu.  yd.  dump  cara  were  used,  Ave  In  a  train.  These  trains  were 
operated  by  three  dinky  engines,  one  switching  at  the  shovel,  ooo 
taking    the    excavated    material    to    the   waste   dump   and   one   Id 


Following  Is  the  steam  shovel  monthly  crogreaa. 

July   _-., 

August     420  ft.     Noi 

September    640  ft. 

About  8S%  of  the  bench  was  removed  by  steam  shovel  and  1S% 
by  hand.  I(  we  take  Into  account  the  entire  tunnel  excavatloo, 
tS%  came  out  through  the  shafts  and  7E%  through  the  portals. 

The  steam  shovel  began  work  on  July  29  and  flnlshed  on  Dec  El, 
•  period  of  148  days.  Below  follows  a  table  showing  the  cost  ot 
removing  29.4IT  cu.  yds.  of  bench  excavation  by  steam  shovel: 


Rate. 

Foremen    14. GO 

eteam   shovel   engineer 1.50 

Crane  men   3.6tt 

Dinky    engineers    >.E0 


Total. 


The  cost  per  cubic  yard  was  as  tollows: 

Percu-yd. 

Field  labor    $0.gS 

Labor  operating  power  plant 0.09 

Camn  labor  and  supervision O.M 

Powder,  fuse  and  caps 0.17 


Total     (1.88 


In  excavatlos  the  tunnel  no  unusual  difficulties  were  encountered. 
Ther«  was  very  little  water  to  contend  with  and  the  materleJ  peue- 
tratad  was  sandstone,  shale  and  coaL    About  two-thlrda  of  the  e 
tire  tunnel  had  to  be  temporarily  lined  with  tlmbera    The  work  w 
done  In  the  following  manner  : 

As  soon  as  the  headings  had  advanced  sufficiently  a  Bang  of  drill- 
ers was  set  to  work  enlarglnK  the  section  to  the  full  aeml-clrcle  re- 
quired. Sills  conalstlnB  of  12  s  12-ln.  tlmbera  were  bedded  at  I 
■prins  Hue  on  each  side  of  tunnel,  so  that  the  outer  (ace  was  a  u 
form  distance  of  6  or  12  Ina  from  the  face  of  the  concrete,  Ensl- 
neera  gave  grade  and  centers  for  these  and  In  placing  them  they 
ware  set  4  Ina  higher  than  the  theoretical  requlremenca.  This  i 
done  to  allow  for  suhnequent  settlement  during  the  excavation 
the  t>ench.  As  soon  as  the  alUa  were  be<lded  to  proper  grade, 
•esments,  six  In  number,  were  placed.  These  were  made  of  10  x 
In.  pieces,  or  an  equivalent  aecllon  of  3  x  12-ln.  or  4  x  12-ln..  i 
built  up.  The  sill,  by  the  way,  was  also  built  up  of  3  x  12  or  4  z 
In.  pieces  set  edgewlBe.  The  Bflgments  were  spaced  3  tt.  on  eenti 
Over  the  seBments  3-ln.  lagging  was  placed,  this  having  previously 
been  cut  Into  3-ft.  lengths  by  means  of  a  circular  saw.  As  m 
the  lagging  was  placed,  the  void  spaces  between  the  lagging  and 
the  roof  at  the  excavation  were  packed  solid  with  stones  of  v 
sizes.  As  fast  as  the  l>ench  was  excavated  by  Che  steam  shovel.  It 
was  of  course  necessary  to  support  the  bIIIi  at  spring  line.  In  this 
case  ordinary  piles  about  12  ina  In  dl.imeter  were  used.  These 
were  spaced  variously  from  S  to  6  ft.  apart,  according  to  the  load 
to  be  supported.  Where  the  loads  were  light  tt  wits  found  that 
abort  atullB  from  4  to  S  ft.  long  made  of  8  x  8-ln.  stuff  answered 
very  well  (or  supporting  the  roof  timbering.  In  such  cases,  horl- 
■onlal  struts  had  to  be  Inserted  to  prevent  the  timbers  from  kick- 
ing In  at  spring  line. 

The  work  of  enlarging  the  section,  the  placing  of  timbers  and  the 
back  filling  was  done  by  the  same  set  of  men.  Owing  to  this  cir- 
cumstance the  records  of  cost  data  are  somewhat  less  satisfactory 
In  thla  case  than  in  other  portions  of  the  work.  Of  these  three 
Items  the  records  (or  the  cost  at  enlarging  the  tunnel  section  are 
quite  reliable.  By  subtracting  this  coat  from  the  total  cost  of  per- 
forming the  different  classes  of  work,  we  have  an  amount  which  rep- 
resents the  cost  of  labor  placing  the  timbers  and  the  cost  o(  labor 
pladng  the  backfilling. 

The  cost  of  enlarging  the  tunnel  section  was  tZ.SG  per  cu.  yd. 
After  repeated  trials  the  cost  of  placing  the  timbers  was  ascer- 
tained to  be  flS.GG  per  M  fL  B,  H.  By  subtracting  these  two.  the 
cost  of  enlarging  the  section  and  the  placing  o(  the  timbers,  the 
remainder  was  assumed  to  represent  the  cost  of  back  filling.  By 
this  process  of  reasoning  It  was  found  that  the  coat  of  placing 
the  backfilling  was  tl.BO  per  cu.  yd.  In  the  abstract  such  reason- 
ing may  be  correct,  but  practically  the  writer  has  little  (alth  In  the 
results.  Summing  up,  then,  It  may  be  assumed  that  the  cost  of 
enlarging  the  section  Is  correctly  represented  by  t!.E6  per  cu.  yd., 
that  the  cost  ot  placing  the  Umbers  lies  between  |12  and  tis  per  U 
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n.  B.  H.  and  that  the  cost  of  placloK  th«  bockailtng  was  Dot  excr- 

Whlle  ttie  steam  shovel  was  taking  out  the  bench  a  sans  ot  men 
was  excavating  tor  the  footing  course  of  the  concrete  iralls.  As 
soon  as  portions  of  these  trenches  were  excavatml  nnother  saoK 
placed  the  concrete  In  the  foundation.  The  mixing  was  done  by 
hand  on  sheets  of  boiler  Iron  placed  In  front  of  the  trenchPi.  These 
were  moved  from  place  to  place  as  required.  However,  before  any 
concrete  was  placed,  carpenters  erected  a  suOldent  amount  of  forms 
to  deflne  the  neat  line  of  concrete  at  grade.  For  setting  these  forma 
engineers  gave  the  grade  and  center  points  and  after  the  concrete 
was  once  placed  to  this  line  no  further  Instrumental  work  was  re- 
quired. All  of  tne  foundation  concrete,  up  to  the  gmde  line  of  the 
tunnel,  was  placed  In  the  manner  Indicated  above. 

For  the  real  work  of  lining  the  tunndl  the  contractor  Installed  s 
rock  crushing  and  concrete  mixing  plant  In  the  approach  at  Lrnn, 
about  200  (I.  from  the  portal.  The  rock  was  quarried  from  the  ad- 
jacent hill,  within  100  (I.  of  the  crusher,  which  was  a  No.  10  Slm- 
mona  The  mixer  was  of  the  Bansome  type,  mixing  %  cu.  yd.  per 
charge.  The  crusher  was  at  the  top  of  the  approach  alope,  about 
10  ft.  above  grade.  A  bin,  divided  Into  three  compartments,  was 
placed  above  and  to  one  side  of  the  track  In  the  approach.  In  Ibe 
bottom  of  the  compartments  were  chutes  discharging  Into  a  meas- 
uring hopper.  Immediately  below  the  hopper  was  the  mixer  and 
below  the  mixer  and  a  little  to  one  side  stood  the  cars  that  re- 
ceived the  mixed  concrete.  The  rock  was  carried  from  the  crusher 
Into  the  bin  by  a  nnall  chain  elevator  and  the  sand  was  handled 
In  a  similar  manner.  The  cement  was  carried  to  the  bin  In  sackK 
Water  was  supplied  by  a  2-ln.  pipe  discharging  Into  the  mixer,  the 
amount  being  controlled  by  a  boy  opera.tlng  a  valve.  One  man  oper- 
ated the  msasurlng  apparatus  and  one  attended  the  mixer. 

It  win  be  seen  that  the  entire  process  of  handling  the  material 
from  the  crusher  until  the  concrete  reached  the  cara  was  mechan- 
ical and  from  the  bin  to  the  cara  gravity  did  the  work. 

The  crusher  was  operated  by  a  statlonarr  engine  and  the  mixer 
and  elevators  by  Independent  electric  motors.  The  cars  were  handled 
by  dinky  engines.  The  sand  was  shipped  from  La  Junta.  The 
crushing  and  mixing  plant  was  a  complete  success  from  every  pobit 

Originally  It  was  the  contractor's  Intention  to  place  all  ot  the  con- 
crete lining,  above  foundation  line,  off  a  movable  platform  at 
spring  line.  With  this  Idea  In  view  a  standard  flat  car  was  secured 
from  the  railway  company  end  by  meana  of  framework  placed 
upon  thla  car  a  platform  IT  ft.  wide  and  EO  ft.  long  was  supported 
at  the  elevation  of  aprlng  line,  Thla  car  was  carried  on  a  track 
laid  In  the  center  of  the  tunnel.  In  order  to  elevate  the  concrete 
cars  as  they  arrived  from  the  mixing  plant  to  spring  line,  an  In- 
clined plane  (Fig.  G)  with  a  narrow  gage  track  and  mounted  on 
wheels  was  coupled  onto  the  platform  mentioned  above.  On  the  flat 
car  was  mounted  a  hoisting  engine  operated  by  comprese^alr. 
T^ie  cars  were  pushed  to  the  bottom  of  the  incline  by  dinky  englnSK 
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where  a  cable  was  hooked  onto  them  and  they  were  then  hoisted  to 
the  top  of  platform  by  means  oF  the  holstlns  engine.  Onoe  on  top 
the  concfete  waa  dumped  onto  the  plattorm  and  cara  returned  by 
gravity  to  tunnel  grade.  The  concrete  was  then  shoveled  Into  the 
forms  and  the  Idea  waa  that  the  arch  ring  would  also  be  turned 


Fig.  5.— Method  of  Handling  Concrete  for  LinlnR. 

at  once  before  advancing  the  Incline  and  platform  to  a  new  posi- 
tion. It  was  found  to  be  Impoaalble  to  turn  the  ring  fast  enough 
vrithQUt  delaying  the  placing  of  concrete  In  bench  walla.  A  feature 
of  the  forma  waa  to  use  two  <0-lb.  bent  ralla,  one  on  each  aide  and 
gieetlDK  at  sofBt  line,  as  ribs  for  supporting  laggtng  for  concrete.  It 
10  evident  that  a  movable  platform  will  not  permit  of  bracing  these 
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r[bB  crosswise  of  the  tunnel  axis.  Owlnc  to  this  clrcurastance  theea 
rlba  lacked  Btlflnesa  and  bulged  out  considerably  wben  concrete  was 
shoveled  into  the  forms.  The  long  and  heavy  bent  rails  were  also 
very  difficult  to  handle.  Owing  to  these  drawbacks,  this  method  of 
placing  the  concrete  was  abandoned. 

During  the  short  time  thai  the  above  method  of  placing  the  con- 
crete was  In  vogue  It  became  evident  that.  In  order  that  work  might 
be  carried  on  without  Interruption,  a  platform  of  considerable  leniith 
was  necessary.  It  was  decided,  therefore,  lo  erect  a  fixed  platform 
at  spring  line  IT  ft  wide  and  &00  ft  long.  Instead  of  the  bent 
rails  for  ribs.  6  x  S-ln.  vertical  studding  spaced  i  It  on  cenlEra  was 
used.  These  pieces  extended  from  grade  line  to  spring  line  and  were 
crass  braced  about  10  ft.  above  grade  line.  On  top  of  these  uprights 
were  placed  «x  10-ln.  caps,  which  acted  as  beams  (or  carrying  the. 
loose  !-In.  platform  floor.  The  lagging  Was  ploced  directly  behind 
the  vertical  studs,  to  which  It  was  loosely  nailed.  The  old  movable 
platform,  mounted  on  a  Hat  car,  and  the  Inclined  plane,  were  then 
run  up  to  the  EOD-ft.  fixed  platform  and  the  concrete  was  hoisted 
as  before! 

While  the  carpenters  were  placing  the  fixed  platform,  the  mixed 
concrete  was  brought  In  and  dumped  onto  sheets  of  boiler  Iron  at 
grade  line  and  from  there  was  shoveled  Into  the  forms  to  a  height 
of  about  S  ft.  above  grade.  By  the  time  that  this  height  was 
reached  the  platform  was  ready  and  all  concrete  above  this  S-fL 
line  was  then  placed  from  the  fixed  platform  at  spring  line.  In  the 
center  of  this  platform,  for  Its  full  length,  was  a.  track  connecling 
With  the  track  on  the  Incline.  The  cars,  after  they  had  been  hoisted 
to  the  platform,  were  pushed  by  men  to  different  places  and 
dumped.  The  cars  were  then  pushed  back  Co  the  Incline  and  lowered 
to  tunnel  grade  by  gravity,  controlled  by  hoisting  engine  on  mov- 
able platform.  The  concrete  was  shoveled  Into  the  forms  uptU  the 
spring  line  was  reached.  As  soon  as  a  portion  of  the  bench  walls 
had  reached  spring  line  a  gang  of  men  erected  rail  ribs  of  a  40-lb. 
section  bent  Into  the  form  of  a  seml-clrcle  to  receive  the  lagging 
for  turning  the  arch  ring.  These  rails  were  generally  made  in  two 
pieces  and  were  spaced  4  ft.  on  cenlera  The  lagging  was  I-ln.  stuff 
and  was  placed  as  fast  as  the  placing  of  concrete  required  it. 
The  distance  from  Rprlng  line  to  soDlt  line  Is  8>i  ft.  The  placing  of 
concrete  In  the  arch  ring  for  the  first  6  ft.,  did  not  differ  materially 
from  the  method  of  placing  it  In  bench  walls,  oniy  a  Utile  more 
tamping  was  necessary  to  nil  the  voids.  After  a  point  was  reached 
Where  it  whs  too  high  to  cast  In  the  concrete  from  the  platform 
at  spring  line,  a.  small  movable  platform  on  wheels,  about  8x10  XL 
and  4  ft.  high,  was  pushed  under  the  arch  and  the  concrete  vas 
shoveled  from  platform  at  spring  line  onto  this  smaller  platform 
and  from  there  Into  arch  ring  until  only  a  3-ft  gap  remained  to  ba 
closed. 

This  was  an  awkward  ]ob  and  required  the  closest  attention  or 
the  part  of  the  foreman  to  prevent  the  men  from  slighting  their 
work.  The  concrete  had  to  be  shoveled  In  endwise  and  to  facilitate 
this  the  length  of  the  lagging  for  the  iast  S  ft.  of  arch  ring  was  cut 
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down  to  3-tt  lengths.  The  concrete  for  thla  was  made  dryer  to  pre- 
mie temiJorary  timber  lining  was  Imbedded  In  the  concrete  and  had 
been  so  placed  Ihat  at  least  6  Ins.  oC  concrete  was  In  front  of  all 
Tibs  and  Bills.  In  places  where  the  timber  had  settled  or  BWUne 
out  ot  line,  the  timbers  had  settled  to  such  aa  extent  as  to  weaken 
the  arch,  the  wooden  ribs  were  replaced  by  bent  rails. 

The   prOKresB    made    In   linlns    (he   tunnel    by   months   was    aa 

October    326 

November    1,000 

December     985 

January    1,9S6 

February     1.173 

March     2,811 

April     1,026 

Besides  the  tunnel  lining  proper,  the  two  shafts  were  also  lined 

with  concrete.     This  was  done  by  force  account.     At  the  Wootlon 

end  a  reinforced  concrete  portal  wall  was  built  and  at  the  Lynn  end 

one  of  plain  concrete  was  constructed. 

The  cost  per  cubic  yard  of  placing  concrete,  exclusive  of  the  cost 

of  cement,  was  found  from  records  kept  by  the  assistant  engineer 

to  be  as  follows: 

Forms  and  platforms,   labor tQ.SS 

Forms  and  platforms,  lumber 0,51 

Crushing  and  quarrylnK  rock 0.89 

Cost  of    sand    (no   freight) 0.18 

Cost  of  handlitig  sand  at  tunnel 0.1  g 

Coat  of  handling  cement  at  tunnel 0.17 

Cost  of  housing  cement  at  tunnel O.Dl 

Mixing    and    transporting    concrete 0.41 

Placing  concrete   Into  forms O.St 

Removing   forms  and  pointing 0.82 

Supervision   and  camp  labor O.tt 

tiabor  operating  power  house 0.2D 

CoaJ     0.31 

Depreciation  of  plant O.SG 

Nails,  oil  and  candles 0.03 

Rental  on  rails  and  ties 0.03 

Total     $6.08 

The  lining  of  the  tunnel  proper  was  completed  on  April  15.  while 
the  whole  contract  was  Anally  completed  on  June  20,  1908,  441  days 
after  gromid  was  broken. 

The  cost  of  the  contractor's  plant  In  this  case  was  estimated  at 
tSG.DOD.  The  outflt  was  purchased  especially  for  this  contract  and 
at  the  conclusion  of  the  work  the  contractor  offered  to  sell  the  plant 
at  GO  ctK  on  the  dollar.  This  tact  accounts  tor  the  heavy  depre- 
ciation charge  la  the  unit  costs. 

The  unit  costs  given  In  this  article  are  based  upon  records  kept 
by  the  writer  aa  assistant  engineer  In  charge  for  the  railway  com- 
pany. A  man  was  employed  to  keep  this  record,  who  had  no  other 
duties  to  perform,  and  the  results  were  tabulated  every  day.  From 
facts  known  to  the  writer  It  Is  hla  belief  that  10%  should  be  added 
to  these  figures  to  arrive  at  the  actual  total  cosL 
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The  work  waa  planned  and  carried  on  utidei 
Bnglnoer  C.  A.  Morse,  of  Topeka.  Kan.,  and 
at  La  Junta,  Colo.     The  Held  force  conilsted 


of  Chief 
F.  H.  BLsbee 

Aaslatant  Ebig1ne«r 


Fig.    S. — Crora-Sectlon  of   Tunr 


Fig.   7.— Longlludlnal  Section  of  Tunnel. 


Jos.  Weldel  with  a 


Coit  of  Drlvlno  ■   Tunnel   In   Earth.* — During 
'Bitaltieering-ConlracUno,  July  1.  1908. 


party  and.  latterly,  during  the  con- 
day  and  one  night  Inapeclor. 

past  decade  a. 
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hu-Ke  number  of  deacrtpUona  have  been  written  of  drLvLnK  tunnel* 
IhrouBh  rock,  but  only  e  few  tunnels  excavated  Ihrough  soft  ma- 
terials have  been  described  In  engineering  literature,  and  then  only 
those  In  which  Hpeclal  methods  were  used,  or  unuauat  difllcultlea 
encountered.  The  tunnel  described  In  this  article  could  not  be 
classed  as  unusuaJ  In  any  respect,  nor  were  any  novel  methods  used 
on  the  work,  but  Inasmuch  as  we  are  able  to  give  the  Itemlied  cost 
of  the  tunnel.  It  may  prove  of  Interest. 


The  tunnel  v 


the 


on  the  II 


Bslng   u 


t  the  If 


:  ot   t 


,   but 


without  many  houses  In  that  neighborhood.  The  length  ol  this 
slnsle-track  tunnel  was  S.SftO  (t  It  was  lined  with  timber  as  shown 
In  FlgM.  e  and  ?•  The  croas-sectlon  was  designed  to  have  ultimately 
a  Itnlng  of  concrete.  There  were  about  15  cu.  yds.  ol  excavation 
to  the  running  foot  figured  for  the  eross-section  as  designed,  which 
meant  a  total  excavation  of  35,385  cu.  yds.,  not  Including  any  slips 

The  material  excavated  was  mostly  a  glacial  deposit  or  till,  there 
being  at  one  end  some  cemented  sravel  that  had  to  be  blasted  while 
the  other  end  was  mostly  sand.  Temporary  timbers  had  to  be  used 
and  some  trouble  was  experienced  with  the  earth  slipping,  as  the 
method  of  putting  in  the  timber  roof  shows. 

The  work  was  done  by  corapatiy's  forces  and  the  following  wages 
wer«  paid,  the  working  day  being  10  hrs. 


Resident  engine 
Assistant  engine 
Translunan  . . . 
Drsftaman     . . . . 


.  .IZBO.. 

.  .    125.01 


.00  p- 


Superintendent      226. Oi 

Accountant    '^  "' 

Bla terlal  "clerk^" . '. '. 

Clerk     

Cook     

Heading   foremen 

Bench    foremen 


10.00  per  mo. 
2.25  per  day 


drllters. . 


I>umpmen    

Carpenter    foremnn. . 

Carpenters    

Blacksmith     

Helper   

Timber    Inspector.... 

Timdieeper     

Uortormen     


2.50  per  day 

2.00  per  day 
2. 00  per  day 


2,50  per  day 
2,00  per  day 
3.00  per  day 
S.SO  per  day 
2.50  per  day 
3.00  per  day 
2.00  per  day 
S.50  per  day 
2.1!>perday 
2,TG  per  day 
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The   foUowlDg  men  vrer«  used  at  tlmea  and  paid  U6  foUowlns 

Electrician     1 100. 00  per  mo. 

Linemen    t£.6B  to       I.?6perdar 

C&rshop    foreman t.OOperday 


Iron   carpenter.. 


_    _„    (2.50  to      S.SOperday 

Masons     4.00  per  day 

Engineerlna  and  SuptriMendenea, — Under  this  head  is  given  the 
coat  of  superintendence  and  the  engineering  work.  The  superin- 
tendence was  H  coEt  that  would  have  come  under  the  contractor's 
Item  of  general  expense,  It  the  work  had  t>een  dona  by  contract. 
The  two  Items  of  engineering  and  superintendence  were  kept  to- 
gether, but  the  superintendence  was  more  costly  than  the  englneerlns. 
as  tlie  resident  engineer  gave  only  part  of  his  Ume  to  the  tunnel 
work,  and  even  the  osslalant  engineer's  salary  was  not  charged 
In    full    against    the    tunnel.      The    Items    going   to    make    up    this 

Payroll    J4.58I.8T 

Supplies  and   Incidentals ni.81 

Board     S6J.S9 

T?lenhone    for   ofBce Jl.SO 

Light    for    office (I.IS 

Engineering  and   superintendence tE,G44.(l3 

This  gives  a  cost  of  16  cts.  per  cu.  yd.  of  excavation  and  a 
cost  o(  12. 3E  per  lineal  fL  of  completed  tunnel. 

Comp  onrl  Oflces, — A  camp  was  built  near  the  tunnel  site  for  the 
men  to  live  In,  and  an  offlce  was  also  established  for  the  superin- 
tendent and  the  engineers.  A  temporary  depot  was  built,  and  n. 
freight  house  to  store  supplies.  Electric  lights  were  used  in  tome 
of  these  buildings,  and  water  was  also  placed  In  some,  being 
procured  from  the  town. 

The  total  cost  of  camp  was  t3.lT7.93,  and,  as  same  of  the  build- 
ings were  sold  and  the  depot  was  given  to  the  operating  department 
of  the  road,  a.  credit  of  }492  was  made  to  this  account,  making  the 
net  cost  of  the  camp  fS. 685.93.  This  means  a  cost  per  cu.  yd. 
of  excavation  of  8  eta.  and  a  coat  per 'lln.  ft.  at  tunnel  of  til*. 
When  work  Is  dene  by  contract  the  Item  of  camp  comes  under 
general  expense,  but,  as  a  contractor  usually  charges  his  men  a 
miall  rental  tor  houses  or  bunks,  there  are  generally  enough  credits 
made  to  Ihe  camp  account  to  balance  It. 

Planl. — In  spile  ol  the  length  ot  this  tunnel,  being  such  as  to 
class  It  ns  a  long  tunnel  a  compressor  plant  was  not  used,  bui 
an  electric  motor  whs  Installed  and  used  In  operating  a  motor  car  to 
haul  material  from  the  tunnel.  The  motor  Itad  been  used  on  some 
other  job  and  had  to  be  repaired.  The  total  charge  for  motor, 
supplies,  repairs,  operation  and  power  was  tl,ltt.29.  When  the 
tunnel  was  flnlBhed  the  motor  was  Mnl  to  another  tunnel  thai 
was  being  driven  and  a  credit  was  made  for  the  motor  of  tl.OOC.SC. 
end  tsea  for  power  furnished  for  other  purposes,  leaving  a  nfl 
charge  of  tl,]e5.93.     The  cost  per  cu.  yd.  of  excavation  was  3  et». 
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whlla  tha  cost  per  Kn.  ft.   of  tunnel  was  49  ctB.     In  c 
this  Item  would  be  claBWd  under  ttie  head  of  plant 

Toola. — The  tools  used  on  the  Job  were  smull  ones  for  the  oicava- 
tion  and  timber  worlt,  with  the  exception  of  the  electric  locomotlvea 
and  the  ca.r8  for  hauling  earth  and  timber.  The  cost  of  the  tools 
and  Buppllea  was  SG,BS0.04.    The  coat  of  repairing  and  roalntalnlnc 

IJabor     $2.(134.95 

Coal     135.38 

Lumber     19S.7S 

Iron      417.64 

ToUl    (3,433.73 

This  mnkes  a  total  expenditure  for  tools  of  $9,953.77.  At  the 
end  of  the  job.  a  credit  was  made  Of  J3,929.1fl  for  tools  and  suppHes 
sent  to  another  Job,  leaving  a  net  charge  for  tools  of  |6,0!4.81. 
This  charge  properly  twlonga  under  the  Item  of  plant,  yet,  Inasmuch 
as  the  depreciation  on  small  tools  la  much  greater  than  on  ma- 
chinery. It  is  well  to  keep  a  separate  account  of  tools.  The  cost 
per  cti.  yd.  for  tools  was  17  cts.,  while  the  cost  per  Un.  ft.  of 
tunnel  was  tZ.EE. 

BxpJoaivet,- — A  car  load  of  Forclta  dynamite  was  bought  for  the 
Job,  but  only  a  small  part  of  It  was  used.  The  strensth  was  40 
per  cent,  and  it  cost  IZW  cts  per  lb.  Two  30-hole  exploding 
batteries  were  bouKht,  and  electrical  exploders  lo  use  with  the 
batteries.    The  total  cost  of  explosives  was; 

Dynamite  and  exploders f2,638.1S 

2   balloles    80.00 

Wire     40-00 

Total     12,768.4  8 

At  tho  end  of  the  Job.  the  batteries  and  unused  explosives  were 
sent  to  another  piece  of  work.  A  credit  of  tSO  was  made  for  the 
two  batteries,  and  tS,030.29  was  credited  for  the  explosives. 
Consequently  there  remained  a  net  chaise  of  1868.19  for  blasting. 
This  makes  a  chaise  of  i  cts.  per  cu.  yd.  and  28  cts.  per  lln.  ft. 
of  tunnel, 

Tunnel  Bxcatmtton.— The  excavation  was  done  In  the  usual 
manner.  Tho  heading  was  excavated  and  timbered,  then  widened 
out  and  the  roof  supported  in  the  manner  shown  In  the  Illustrations, 
with  the  addition  of  temporary  props.  Then  the  bench  was 
excavated  and  the  permanent  timbering  flnlshed.  The  excavated 
material  was  wheeled  out  of  the  heading  In  wheelbarrows,  and 
horses  were  used  in  pulling  the  cars  from  the  bench  excavation  to 
the  dump,  but  as  tha  haul  became  long,  the  electric  locomotives 
previously  referred  to  were  used.  Candles  were  used  to  give  light 
In  the  headings,  the  exrianee  (or  this  ijeing  (116.71.  Electric  wire 
was  strung  for  the  motors  and  also  for  lighting  purposes.  The 
costs  for  the  hauling  has  been  included  In  that  tor  plant,  but  this 
work  for  the  llghtlns  and  the  power  rented,  with  the  lights,  wires, 
etc  cost  tl.l>l.E7,  making  a  total  coat  of  tl.30S.S8.    This  makes  a 
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i   ctB.  per  lln.   ft,   of 


coat  of   4   cts.  per  cu.  yd.   (or  llghta,  and   [ 

Another  Item  of  cost  was  oome  Inddentala  ao  the  outalde  of  the 
(unnel.  such  bb  small  drains  at  street  crossings,  some  clenrlnE. 
a  temporary  trestle,  the  blocking  up  ot  a  warehouse,  and  other 
deulls  on  which  fl.lGB.ZT  was  apoat  for  materials  and  labor. 
For  these  Incidentals  the  cost  per  cu.  yd.  was  S  eta  and  the  cost 
per  lin.  fl.  ot  tunnel  was  *t  oto. 

The  expenses  for  labor  and  teams  was  IT5.TGZ.10.  maklns  it 
cost  per  cu.  yd.  of  12.14  and  per  tin.  ft.  of  tunnel  of  132.12. 

Timber  Llntng. — The  total  amount  of  timber  used  was  2.434.100 
fL  R  H„  costing  t20.ZZ3.1R.  This  Is  excluatve  of  wedxes.  cord- 
wood  and  iron.  Cardwood  was  used  for  packing,  the  plana  callInK 
for  E>33  corda.  but  only  151  cords  were  bought,  the  price  per  cord 
being  tl.nO.  The  dellciency  was  made  up  by  ualng  old  plecea  of 
temporary  timbers  and  scraps.  The  cost  of  the  cordwood  waa 
J858.I6.  Weilges  were  made  from  2x12  boards,  and  cost  to  make 
from  11^  to  S  eta.  a  piece.  These  were  mnde  by  contract,  about 
1S.000  being  used,  costing  t2,5SE.96.  The  Iron  and  nails  uaed  coat 
S6G9.T9. 

The  amount  of  permnnent  timber  called  for  by  the  plana  waa 
1.EST.200  ft.  B.  M.  The  nvernge  price  paid  for  this  was  (8.40 
per  IC  In  addition  to  this  747,000  ft,  B.  M.  were  used  as  temporary 
timbers  and  for  other  purpasee.  This  coat  an  average  price  of 
(8.10  per  M,  The  cost  of  labor  for  framing  and  placing  tlmt>er. 
exclusive  of  the  time  of  the  men  from  the  mucking  gangs  that  may 
have  been  used  temporarily,  was  $8,816.40.  Thia  gives  a  cost  for 
framing  and  placing  per  M.  ft.  of  Umber  as  called  for  by  tho 
plans  of  }6.10,  while  the  cost  per  M.  for  the  total  amount  of  timber 
used  was  t8.G4.  Separate  record  was  not  kept  ot  placing  the 
cordwood.    The  total  cost  of  the  lining  h'bh: 

Lumber     (20.22S.18 

Cord    wood     SS8.16 

Wedges     t.E8S.9B 


Total      (3I.7EJ.4S 

The  coat  of  each  of  these  Items  per  cu.  yd.  of  excavation  wi 

Lumber,   at   (8.S0 t^if 

Cardwood     0.01 

Wedges    0,07 


0.14 


Total      (O.M 

le  coat  of  lining  per  lln.  ft  of  tunnel  was: 

Pot  lln.  ft. 

Lumber,   at    I8.S0 tS.CI 

Cordwood     0.S8 

Wedges     , 1.0» 

Iron      0.18 

Labor     t,eS 

Total     (13^ 
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Pertonal  Iniury, — No  one  waa  killed  In  building  this  tunnel ; 
however,  a  number  ot  men  were  hurt,  but  none  seriously.  Various 
expenses  were  Incurred  on  account  of  those  Injured,  there  having 
been  paid  out  ti,170.45,  maklnK  a  coat  per  cu.  rd.  ot  6  cts.,  and  per 
lln.  ft.  of  tunnel  of  9S  cts. 

SuHimarii  of  Cott. — The  total  coat  of  the  entire  work  was; 

Ejnslneerlng    and    superintendence t     5.l>44.03 

Camp     2,886,93 

Peraonal    Injury 2.170.4E 

Plant     1.166.93 

Tools     S.024.S1 

Eixpenses     6ES.19 

Titnnel  SxeavatUM; 
Wght  


1,168,27 

Timber  Lining: 

Lumber     20,22S.]8 

Cord  wood    <58.1« 

Wedgei     2,B8«.9B 

Iron    SS9.70 

lAbor    8.ei5.40 


and   superintendence 

Plant'" '.'.'.'.'.'.'.'.'.'.'. '.'.'.'.'.".'. '.'.'.'.'.'.'.'.'.'. 

TqoIb     

Ttinnel  Eacavatlon: 

LlBht      O.O'. 

Inddentala     0.0! 

Idbor     

Lumber      

Cord   wood    


Total     IS.SB 

The  eo«t  per  lln.  ft.  of  tunnel  for  each  Item  was: 

Per  lln.  ft 
Bngineering   and   superlntendraice t  2.3S 

Personal    injury    '...'.'.     o!sz 


Labor    '.'.'.'.'.'.'.'.'.v.'.'.".'.'.'.'.','.' !!!!!!!!!!!!!  32Ai 

Lumber 8.53 

Cord  wood   0,28 

■WedBes    1.09 

Iron    0.28 

Labor 3,66 

ToUl     »B4^ 
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Th6  total  payroll  on  the  job  amounted  to  about  |90,0{IO  and  It  Will 
be  noticed  that  the  amount  paid  out  toe  personal  Injuries  was 
%2,naA5.  If  liability  InBurance  had  oeen  taken  out  for  this  Job 
the  rate  would  have  been  less  than  2  per  cenC  hence  money  would 
hava  been  saved.  It  la  always  well  on  construction  woric  to  cany 
this  kind  Q[  Insurance. 

No  record  was  kept  of  the  slips  and  slides  that  occurred  In  the 
tunnel,  but  some  must  have  occutred  as  glacial  drift  1>  apt  to 
be  treacherous  malerial  to  tunnel  UirouRh.  and  this  must  not 
have  been  an  exception  to  the  rule,  as  the  lurse  amount  of  tem- 
porary timber  used  bears  witness. 

Considering  the  high  wages  paid,  and  the  fact  that  the  work  waa 
done  by  day  labor,  the  cost  is  not  excesstve.  but  no  doubt  timber 
was  wasted,  yet  the  prompt  use  of  temporary  timbers  In  some 
places  may  have  saved   money   when   heavy  sllpi  were  threatened. 

The  engineering  and  superintendence  together  were  less  (han 
G  per  cent  of  the  total  cost.  This  would  mean  that  the  engineering 
expense  did  not  exceed  i  per  cent,  and  the  coat  of  locating  the 
work  la  Included  in  this.  The  !lem  of  general  expense,  as  a 
contractor  would  have  daaslfled  It,  Including  superintendence,  camp, 
and  personal  injury,  was  about  S  per  cent.  This  could  have  tieen 
cut  down  a  little  by  taking  liability  Insurance,  and  charging  rent 
for  the  camp.  The  plant  and  tool  charge  was  a.  little  more  than 
E  per  cent     The  tunnel  lining  was  Z5  per  cent  of  the  total  cosL 

The  excavation  of  the  beading  was  commenced  in  March.  Work 
was  started  at  both  ends  of  the  tunnel.  During  April  no  work 
was  done  inside  the  tunnel,  but  in  Hay  active  operationa  were 
commenced  and  night  and  day  forces  were  put  to  work.  The 
headings  were  flniahed  In  August,  and  the  benches  cleaned  up 
by  the  middle  of  Septemt>er.  fi^ach  heading  foreman  worked  from 
9  to  10  men,  while  the  bench  foremen  worked  from  IE  to  ID  men  In 
their  gangs.  At  one  end  of  the  tunnel  a  bench  sub-foreman  with 
extra  men  were  used  for  several  montha  When  work  llrst  com- 
menced, the  track  gangs  had  (rom  10  to  16  men  in  them,  there 
being  a  track  gang  for  each  end  of  the  tunnel ;  but,  as  soon  as  the 
work  was  well  under  way,  these  gangs  were  cut  down  to  6  men 
each,  and  at  the  end  only  *  men  were  kept  In  a  gang.  The  thnber 
gangs,  consisted  of  a  foreman,  from  T  to  ID  carpenters  and  a  timbiT 
Inspector,  There  was  a  night  and  day  gang  of  carpenters  from 
May  to  September. 

Cost  of  Lining  the  Mullan  Tunnel — The  tunnel  Is  S.SSD  ft.  long. 
20  miles  west  of  Helena  on  the  Northern  Paclflc  Ry.  F^ll"  of  rock 
and  fires  in  the  tunnel  had  oaused  numerous  delays.  The  original 
timbering  conalated  of  sets  4  ft.  c.  to  c.  of  11  x  ll-ln.  timber^  with 
4-1n.  lagging.     The  Blxe  was  IS  x  20  ft  in  the  clear. 

Concrete  side  walls  (30-in.)  and  four-ring  brick  arch  were  built 
In  place  of  the  old  timbering.  A  7-f1-  section  was  first  prepared 
by  removing  one  post  and  supporting  the  arch  by  struta  Two 
temporary  posts  were  sent  up  and  fastened  by  hook  traits :  and  n 
lagging   was   placed    back   cf    them   to   make   forms   to   hold   the 
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Mr.crete.  Several  of  these  7-ri,  Bectlotie  were  prepareJ  at  n.  time, 
each   two  being  separated   by  a   6-ft    settlon  of  the  old   timbering. 

The  mortar  car  delivered  Portland  cement  mortar  (I  to  3) 
through  a.  chute,  making  an  8-In.  layer  of  marCar  Into  which  broken 
stone  wa»  shoveled  until  alt  the  mortar  was  taken  up  by  the  stone 
votdm.  In  ID  to  14  days  the  walls  were  hard  enough  to  support  Uia 
arches  which  were  then  allowed  to  rest  on  the  walls,  and  the  posts 
ot  the  remaining  B-ft.  aectlons  were  removed,  and  concrete  placed 
as  before.  About  4  parts  o(  mortar  were  used  to  t  parts  of 
broken  stone,  which  Is  a  very  rich  concrete.  The  average  prog- 
ress per  working  day  was  30  fL  ot  side  wall,  or  46  cu.  yds. 
Prom  3  to  9  fL  of  brick  arch  were  put  tn  at  a.  time,  depending 
upon  the  nature  of  the  sn>und.  To  remove  the  old  timber  arch. 
cne  of  the  segments  was  partly  sawed  Ihrough,  and  a  small  charge 
of  dynamite  exploded  In  It ;  the  debris  being  caught  on  a  platform 
car.  from  which  It  was  removed  to  another  car  and  conveyed 
away.  The  center  was  Chen  placed,  and  the  cement  car  uaed  to 
mix  mortar  on.  Brick  were  IM  z  2%  x  9  Ins..  four  ringings, 
making  s  ZO-ft.  arch  and  giving  1.(3  cu.  yda  per  Un.  ft.  ot  tunnel. 
The  bricks  were  laid  In  rowlock  bond.  Two  gangs  of  3  brick- 
layers and  I  helpers  each,  laid  12  lln.  (t.,  or  19.4  cu,  yds.,  of 
brick  arch  per  day. 

The  foregoing  d«Bcrlptlon  of  the  work  Is  given  by  Mr,  H.  C.  Relt. 
The  following  data  were  publlahed  In  BnjrIneerlnir-CtHitracKHO,  Julf 
IT,   19DT. 

P'or  most  of  the  distance  It  was  lined  with  concrete  side  walls 
and  concrete  arch,  but  for  part  of  the  distance  a  brick  arch  was 
used  instead  of  concrete.  The  brick  was  used  only  where  It  was 
necessary  to  support  the  roof  by  timbering,  for  wherever  the  roof 
.would  stand  without  props  tbe  coneretft  was  used  on  account  ot  Its 
much  greater  cheapness. 

The  concrete  aide  walls  were  14  ft.  high  and  had  an  average 
thickness  of  !H  ft.  Therefore  each  side  wall  averaged  nearly 
l.a  cu.  ydK  per  lln.  ft-,  and  ttie  two  walls  averaged  2,59  cu. 
yds.  per  lln.  ft.  of  tunnel.  The  concrete  was  mixed  1  ;3  :E, 
being,  we  believe,  unnecessarily  rich  In  cement.  The  average 
amount  of  concrete  placed  In  the  walls  per  day  was  SO  cu.  yds. 

Cost  of  Sidb  Waixb. 
Uaterialt:  Per  cu.  yd. 

1.33  bbl.   cement,  at  tZ.OO JS.St 

0.1     cu.  yd.  sand,  at  tOlS 0.09 

0.T5  cu.  yd.  Stone,  at  lO.EG 0.41 

Total     13.16 

iMboT  on  Concrete: 

0.01  day  foreman,   at   15.00 tO.OB 

S.03  day  foreman,  at  13.00 0.03 

0.0a  day  englneman.    at    13.00 0.09 

0.3E  day  latiorer,   at  $1.TB 0,61 

0.43     Total     10.84 
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Labor,  Kemovlno  Timber,  BMldi*g  Formt, 
BTcavating  Etc.; 

D.02  day  foreman,   at  tS.OO tO.lO 

0.05  day    toreman,    at    13.00 O.IB 

O.*0  day  laborer,  at  J1,7S 0.79 

0.4T     Total     fO.SK 

IHtcellaHeoua: 

0.02  day  engineer  and  superintendent,  at  K fO.lO 

Falsework  and  lorms,  tlmt>er  and  Iron 0.07 

Tools,    light,    etc 0,H 

Interest  and  depreciation  of  11,800  plant  at  20% 

Train  service,  0.03  day  work  train,  at  (26 0.76 

SummaTy  Concrete  Bide  Wall*.' 

Materials     %3.lt 

Idbor  on  concrete 0.S1 

Ldbor  retnovlnB  timber,  etc 0.9E 

Train    service    0.7G 

Miscellaneous     O.SI 

Total     ; , , ; %t.lH 

In  the  two  Bide  walls  tbere  were  S.69  cu.  yds.  of  concrete  P«r 
tin.  ft.  of  tunnel,  hence  the  coat  of  the  side  waits  was  f6.04  X  i-fS  = 
tl6.G4  per  Uu.  It  ol  tunnel. 

Tbe  concrete  arch  varied  In  thickness,  averaxInK  from  14  to 
ID  InB.  at  the  sprlnslng  line  to  S  to  14  Ina  at  the  crown.  The 
arch  averaged  l.Z  cu.  yds  per  tin.  ft.  of  tunnel.  About  10  cu.  yds. 
of  arch  were  placed  per  day.  The  arch  concrete  was  mixed  1 :3  .S 
and  the  coat  was  as  follows : 

Cost  of  Concbbtb  Abch. 
Materials:  Percuyd. 

1.3S  bbls.    cement    12.00 J2.72 

0.05  cu.   yd.   Band,    tO.lg O.OS 

0.75  cu.    yd.    stone.    J0.55 0.41 

Total     IS.2i 

1.8     cu.  yds.  dry  rock  bachinK,  at  tO.55 0.99 

Labor  on  Concrete; 

0.02  day  foreman,  at    15.00  |0.10 

0.12  day  foreman,  at 3.00*  0.38 

0.88  day    laborer,    at 1.75  1.B4 

1,02  Total     I1.9S  $2.00 

Labor    Placing    1,0S    C«.    Ydt,    Rock 
Backing; 


foreman,   at 15.00 

is.oo 


0.51  day  foreman. 

O.Sl     Total    |1 

Labor  Removing  Timberi,  Removing 
Forma,  Excavation,  Bto,; 

0.02  days    foreman,    nt $5 

0.04  days   for 


0.E2     Total      $2.06 


Tmtn  Serufee."                         ^ 
0.06  day,  at  |26 fl.EO 

iriiceltoneDiu; 

ElnKlnearlng    and    auperlntendence tD.01 

Paliework,  Umber  and  Iron O.K 

Tools,   light,   etc 0,1S 

Interest  and  dep.'eclatlon.  (1,800  plant,  20%  per 

annum   0.09 

jBummdry  Concrete  Arch: 

Concrete  materials  IB.as 

Dry  rock  tiacklng  <1.S  c  y.) 0.>9 

Labor  and  concrete 2.00 

Ijat>or   pla<7lnK   l.B   cu.  yds.   rock   backInK 1.16 

Labor  removing  [Imt>er,  etc. 1.07 

Train  service  hauUng  materials l.GO 

Engineering   and    Buperlntendence O.OT 

Paliework,  timber  and  iron 0,13 

Tools,   light,  etc 0.12 

Interest  and  depreciation  plant 0.09 

Qrand    totnl tlO.SC 

It  will  be  noted  that  the  "train  service"  la  an  Item  that  really 
should  be  considered  as  a  part  of  the  cost  o(  the  materials,  tor 
the  cost  of  the  sand  and  stone  Is  the  cost  f.  o.  h.  cars  s.t  the  sand 
pit  and  at  the  quan?,  to  which  should  be  added  the  cost  of  hauling 
them  to  the  tunnel — lo-wlt,  the  "train  service." 

Summing  up.  we  have  the  following  as  the  cost  per  lineal  foot  for 
lining  this  single-track  tunnel  with  concrete: 

Per  Un.  ft. 

2.E9  cu.  yds.  side  walls,  at .t  S.0(  }lS.e4 

1.20  cu.    yds.    arch,    at 10.33  12,10 

2.T9  cu.  yds.       Total I9.3S  t-S-04 

It  should  be  remeuiberefl  that  the  higher  cost  of  the  arch  concrete 
Is  due  in  large  measure  to  the  tact  that  1.8  cu.  yds.  of  dry  rock 
packing  above  the  arch  Is  Included  In  the  cost  of  the  concrete. 
Strictly  speaking,  this  dry  rock  packing  should  not  be  charged 
against   the  arch   concrete,   and,   segregating   It,   we  have   the   fol- 

Per  lin.  ft. 
S.E9  cu.  yds.  concrete  side  walls,  at.. (6.04  tlS.64 

1.2D  cu.   yds.   concrete  arcli.   at 8.18  9.82 

2.18  cu.  yds.  dry  rock,  at 0.55  I.IB 

Lflbor  placing  2.16  cu.  yds.,  at 0.E4  1.39 

Total     t2S.04 

This  la  a  much  more  rational  analysis  of  the  cost  and  a  Still 
further  reduction  In  the  cost  of  the  arch  concrete  might  be  made  by 
prorating  the  train  service  Item  (11.60  per  cu.  yd.  concrete). 
At  least  half  of  this  train  service  should  be  charged  to  the  dry 
rock  backing,  for  there  are  1.26  cu.  yda  of  sand  and  broken  stone 
to  1,80  cu,  yds.  of  dry  rock  backing. 

The  amount  of  this  dry  rock  backing,  or  packing,  varies  greatly  in 
different  parts  of  a  tunnel.  In  the  first  half  of  this  tunnel  It 
averaged  1,8  cu.  yds.  per  lln.  ft.,  while  In  the  second  half  It  averaged 
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nearly  2.t  cu.  yda.  per  Iln.  ft.^  In  a  subsequent  Issue  we  shall  give 
the  cost  Df  llniDB  a  tunnel  that  averased  1.4  cu.  yds.  at  dry  rock 
packing  per  Iln.  ft. 

As  previously  stated,  part  ot  thla  tunnel  Was  archsd  with  brick 
Instead  of  concrete.  About  one-third  of  the  tunnel  Was  thus 
arched  with  brick,  laid  2  to  5  rings  thick,  and  HveraglnK  I.IS 
cu.  yda  per  Un.  ft.  of  tunnel. 

The  averoee  progress  was  13  Iln.  fL  per  day.     The  brick  were 
2UilxS  Ins.  In  slse.     The  cost  of  the  brick  arch  was  as  follows: 
Materials:  Percu.  yd. 

EDO  brick,    at    $7.00  t J.50 

l.OZ  bbl.    cement,    at 2.00  2.04 

0.4     cu.   yd.    sand,    at O.IB  0.10 

Total     tG.SG 

l.E  cu.  yds.  dry  rock  backing  at tO.BG  tO.SS 

Labor  and  Matonry; 


0.03  day  foreman,   at    3.00  0.09 

0.32  day    masona.    at 3.00  0.30 

0.05  day    laborers,     at 1.7E  1.14 

D.OA     day    eta.    engr..    at 3. GO  O.Il 

1.00  days.     Total     |Z.34  |i.EG 

Labor    Removlns    Timhera,    Itovtng 
Centers,  ExcavaUng,  £tc..' 

O.OE  day   foreman,   at $5.00  |0.10 

0.07  day   foreman,   at S.OO  0.31 

0.07  day  carpenter,    at Z.EO  D.IS 

0.46  day    laborer,    at 1.7S  0.81 

0.62  day.      Total    (MO  11.30 

Labor  Plodnp  Roek  Backing: 

0.01  day   foreman,   at (5,00  lO.OB 

0.08  day   foreman,   at 3.00  0.18 

0.62  day  laborer,  at 1.7S  0.91 

0.E9  day.      Total    (1.93  »1.14 

Train  Service: 
O.Oa    day,   at (26.00  ll.BO 

maceHaticovs: 

EnBlneerliiK  and  superintendence $0.04 

Falsework,  timber  and  Iron 0.12 

Tools,   light,  etc 0.12 

Interest  and  depreciation,  tl,800  plant,  30%  per 

Total     »O.JT 

jSummon;  of  Brick  Arch: 
Materials   for   masonry I  6.« 

Labor    on    masonry 2.G6 

Labor  removing  timber,  etc l.tO 

Train  service   l.GO 

MlBcellaJieous     0.35 

Total    ^ $1124 

DiT   rock   backing 0.8* 

I^bor   placing  rock    tiacking 1.14 

Qrand    total      113.21 
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The  con .  per  lln.  (t.  of  tunnel  for  lining  with  a  brick  arch 
natlng  on  concrete  ride  walls  waa  as  follows : 

Per  lln.  ft. 

Z.BO  cu.  yds.  concrete  side  nallB  at  IS.04 »I6.84 

l.ZS  cu.  rda.  brick  arch  at  tll.24 U.sa 

1.92  cu.  yds.  rock  becklne  at  tO.GG l.oe 

Labor  placing  1.92  cu.  yd.  rock  backing  at  tO.76      1.46 

Total     .__ t33.se 

The  previous  remarks  about  train  nrvlce  apply  In  this  case  also. 

Not  much  has  ever  been  publlahed  on  Che  cost  of  tunnel  lining. 
Several  examples  ot  such  cost  are  Klven  In  Gillette's  "Rock  Bi- 
cavatloD,"  but  the  costs  there  given  are  conBlderably  hl^er  than 
those  above  recorded.  In  making  comparisons,  however,  the  reader 
Is  cautioned  to  compare  the  cost  per  cubic  yard  of  lining  hs  well 
as  the  cost  per  lineal  foot  of  tunnel.  The  character  of  the  ground 
and  the  opinion  of  the  engineer  induence  the  thlcknete  of  the  lining 
used,  so  that  one  tunnel  may  contain  twice  as  many  cubic  yards 
per  lineal  toot  as  another  tunnel  of  equal  slie. 

Uaaonry  lining  put  In  at  the  time  of  construction  1b  obviously 
cheaper  than  lining  put  In  to  replace  an  old  timber  lining.  Not 
onl7  does  the  passage  of  trains  delay  work,  but  the  cost  of  removing 
the  old  timber  lining  Is  no  small  Item  Itself.  The  work  above 
described  Involved  the  removal  of  an  old  timber  lining,  yet  It  was 
done  at  a  very  low  cost,  particularly  when  one  considers  that  It 
was  done  by  company  forces  and  not  by  contract 

Coat  of  L.lnlng  ■  1,000  Ft.  Railway  Tunnel.* — This  tunnel  was 
lined  with  concrete  Bide  walls  and  a  brick  arch,  the  length  Of  the 
lining;  being  about  1,800  lln.  ft.  The  two  concrete  side  walla 
averaged  t.S  en.  rd«>  per  lln.  fL  of  tunnel,  and  the  cost  was  as 
follows,  per  cu.  yd. 

1.1  bbl.  cement  at  t2.O0 IZ.ZO 

0.»  cu.   yd.   Btone  at   10.80 0.64 

O.E  cu.  yd.  Band  at  10.12 0.06 

Tools    8.B4 

Light    0.01 

Vflsework,   timber    and   Iron O.OT 

Labor  excavating  for  and  building  aide  walls l.TG 

Engineer   and   superintendence O.IG 

Work  train   service 0.90 

Total     IB.TB 

Laborers  recetved  (2.00  a  day  on  the  concrete  work.  We  are 
unable  to  give  the  cost  of  the  labor  In  as  much  detail  as  was  given 
In  our  Issue  of  July  IT,  but  the  total  cost  per  cubic  yard  Is  nearly 
the  lame  In  both  cases.  The  cost  of  the  sand  was  merely  the 
cost  of  loading.  Work  train  service  (it  cts.  per  cu.  yd.  of  concrete) 
covers  the  cost  of  haullnK  sand  and  broken  stone. 

There  were  four  rinKS  of  brick  In  the  arch  which  averaged  1.8 
cu.  yds.  per  lln.  It  of  tunnel.  The  brick  measures  SMxt%zS  InK 
The  cost  of  the  brick  arch  was  as  follows  per  cu.  rd. 

'Bnatntarlna-ContracHnif,  Aug.  14.  1907. 
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UaterlalB.  BBr  oLyd. 

1.1  bbU  cement  at  $2.00.. i 11.20 

180  brtek  at  |7.00 ;...  8.36 

0.4  cu.  yds.  sand  at  tO.GO 0,20 

Total    (6.T* 

Labor:   Excavating  and  Preparing  for  Arching 
Mavlos  Centers. 

O.OS  day  foreman  at  |4.00 fO.Il 

O.oe  day  foreman    at    J3.B0 O.il 

0.01   day  timdceeper   at   t2.E0 O.OS 

0.01  day  blackBmlth  at   (LED O.OB 

0.87  day  laborer   at   (8.00 0.E4 

0.89  day  at    (2.44 |0.»G 

HlUng:  Mortar  and  Bulldlne  Brick  Arch. 

0.68  day  foreman   at   84.00 tO.lt 

0.08  day  foreman   at   83.E0 0.81 

0.01  day  timekeeper  at  (2.50 0.03 

O.OS  day  brick  maaon  at  88.E0 0.18 

0.23  day  brick  mason  at  I8.fl0 0.(» 

0.3E  day  laborer    at    |2.0O 0.70 

0.73  day  at   J2.B6 (1.98 

Quarrying  Rock  for  and  Filling  Over  Arch. 

O.OT  day  at   J2.16 30.28 

Engineering   and    superintendence O.IS 

Work   train   service O.SO 

Falsework,  Umber  and  Iron O.OT 

Tools.   Hght.   etc O.OB 

Summary  of  Brick  Arch. 

MalerialH     35.71 

Labor,   ejtcavatlng,  etc 0.»B 

Labor,  mil  mortar,  etc,...j 1.93 

Quarrying  rock  and  fllllng  over  arch O.IS 

Engineering  and    superintendence O.IB 

Work  train   service 0.E8 

False    work 0.07 

Tools,  ll^t,  etc. 0.0B 

Total    89.«3 

Summary  of  Tunnel  Lining.  Perlln.rt 

8.2  cu.  vd.  concrete  aldewalla  at  (B.TI 318.30 

1.8  cu.  yd.  brick  arch  at  J9.83 17.88 

Tola!     (86.8S 

The  two  porlalB  were  of  concrete  and  each  contained  2B0  cu.  yds. 
The  average  cost  of  each  portal  was  as  follows: 

Per  portaL 

275  bblB.  cement  at  3!. 00 J    SEO 

22B  cu.  yds.  rock  at  30. SO 13S 

no  cu.  yda  sand  at  |0.12 IS 

Work  train  service ISO 

Lumber  for  forms 70 

l^bor,  erecting  and  removing  forms 140 

Labor  excavating  for  and  building  portals BOO 

Engineering  and  superintendence EO 

Total 11.608 

This  la  equivalent  to  I6.4S  per  cu.  yd.  of  concrete  In  the  (Kirtala 
The  coat  of  two  portals,  33,216.  distributed  over  a  tunnel  1,000  IL 
JUpg,  adds  (3.22  per  lln.  ft.  Co  the  cost  of  the  masonry  IfiUng. 
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CoK  of  ■  Brick  and  Stona  Linlnfl. — (The  data  on  tunnels  above 
doscrlbad  ahould  be  conaulted  tor  data  on  concrete  lining.)  Drinker 
glvea  the  following  data  on  the  lining  or  Carr'a  Tunnel  (g2E  ID 
on  Uift  Pennaylvania  R.  R.  In  ISB8-18S9.  Brickwork:  809,000  brick 
In  the  arch  (G  per  cent  broken  and  loot)  ;  10.44  buahela  of  neat 
cenjent  (no  sand  used  In  the  mortar)  laid  1,000  brlcka,  the  mortar 
forming  30  per  cent  of  the  brick  masonry ;  the  arch  woa  IS  In*. 
thick,  14H'fL  span  and  9-ft.  rtae; 

Coal  per  M, 

Bricks  f.  o.  b. t  S.SO 

Lobs   In  handling. 


Lobs   In  handllni; 

Unloading  and  delivering. . 

Cement 


..|!1.1T 


Bricklayers  received  40  eta.  per  hr. ;  helpers,  ny,  eta  per  hr. : 
carpenters,  ZTI4  ctB.  per  hr. ;  laborera.  17  eta  per  hr. 

Stonework;  l.TSO  perches  (26  cii  ft.)  of  rough  masonry  for  Bide 
walls;  presumably  sftndstone;  IftT  perches  of  ring  atone;  2C  perches 
waBted  In  dressing.  The  bench  walls  were  4  fL  wide  at  the  bottom, 
Z  ft  at  the  top  and  IS  ft.  high : 

Coat  per  perch. 

Quarrying    (I.T3D   perches) t  4.80 

OittJng    n.730  perchea) 4. 38 

Hauling   (1,942   perches) 1.06 

Handling  and  laying  (1.917  perches) 2.80 

Cement,  I.ES  bu.  per  perch  (S  1/8  per  cent  of  the 

Masonry)     81 

Total     .113-83 

Stone  cutters  and  masons  received  35  cts.  per  hr. :  quarrymen, 
ITH  ctK :  laborers,  IT  eta  The  stone  side  walls  were  laid  In  8 
courses  averaging  i  ft.  thick  each;  hence  there  were  S2,800  Sq.  ft. 
of  beds  cut ;  and  OBClmatlng  each  stone  S  ft  long  and  dressed  for 
1 H  fl.  back  of  the  face  on  Joints,  there  were  14,300  sq.  ft.  of  Jolnia ; 
making  a  total  of  67,100  sq.  ft.  of  cutting  which  cost  11.3  cts. 
per  sq.  ft  This  Ih  asld  to  have  been  too  high  a,  cost.  If  the  maaaure- 
-  ments  were  correct. 

Arch  centering  cost  tl,400,  to  which  was  added  (600  for  moving 
the  centering  forward  from  time  to  time;  making  $2.10  per  lln,  ft. 
of  tunnel,  to  which  must  be  added  10.70  per  ft.  tor  Bcaffoldlng. 

WelQhts  and  Price  of  Ralls. — Steel  ralla  are  sold  by  the  ton  of 
3.240  lbs.  The  standard  price  tor  many  years  past  has  been  (28 
per  ton  at  the  mills.  Plltaburg.  Chicago,  etc.  Railways  have 
chained  one  another   W  ct.  per  lon-mlle  freight  on  ralla 

The  number  of  tons  of  rails  per  mite  of  alngle  track  le  exactly 

—  of  the  weight  of  the  rail  In  pounds  per  yard  of  length.     Thus  a 
T  11 

track  laid  with  80-lb.  rails  will  require  —  x  SO  =  125.E  +  tons  per 

7 
mile  of  single  track. 
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Pricca  of  B(ils  Since  18Te.*— We  publish  below  the  price  of  ste«I 
rails  at  PIttsburK  tor  the  years  1876  to  1907  Inclusive.  We  also 
Include  the  price  of  iron  rails  from  187S  to  18S2,  After  the  last 
named  date  Iron  rails  were  seldom  laid. 

It  will  be  noted  thst  slDce  1388  the  price  of  rails  has  never  varied 
much  from  the  present  price,  except  In  the  years  1897  and  18SS. 

Paics    or  Rails  jlt  PnTSBniWH.  Pa. 

(Statistical   abstracts   of   U.    8.    Dept.    Commerce  and    Labor.    19ftS, 

page    E3B. ) 

(Ton  equals  2,240  Iba) 


1902  1 


11907.. 


.    28.01 


The  Cost  of  Track  Lay  In  a -t— Contracts  for  track  laying  on  new 
railway  construction  ai^  not  at  all  uniform  as  to  speclfled  methods 
of  payment,  largely  because  of  varying  practice  as  to  the  time  and 
method  of  ballasting.  If  the  ballast  is  not  placed  at  the  time  of 
track  laying,  It  Is  customary  to  divide  the  payment  for  track  work 
In  two  parts — (l>  track  taring  and  (£)  surfacing  track. 

Track  laying  Involves  the  unloading  of  the  ties  and  rails  from 
the  cars,  trimming  the  earth  to  true  grade  to  receive  the  tips;  deliv- 
ering and  placing  the  ties  and  rails  thereon,  curving  the  rails  and 
Joining  them. 

The  railway  company  usually  stands  the  cost  of  loading  the 
ties.  rallB.  etc.,  at  the  material  yard  and  the  transportation  to  the 
site  of  track  laying  work.  This  cTpense  Is  charged  Upon  the 
railway  company's  books  as  "train  service." 
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SurCacinE  track  conslats  In  shoveling'  earth  In  ttetween  the  ttvM, 
KllKnioS  the  track  and  tamping.  Where  suitable  material  [or  fUUng 
between  the  ties  ts  not  at  hand,  It  is  hauled  Id  on  carB  at  the 
expense  of  the  railway  company,  and  the  contractor  loads  and 
unloads  these  cars  at  a  separate  unit  price  agreed  upon.  Such 
maCeiia]  If  hauled  In  Is  usually  gravel,  and  la  called  ballast. 

On  the  Northern  Faclflc  Railway  the  contract  prices  for  track 
laying  and  surfacing  have  been  quite  constant  for  the  last  30  years, 
being  about  tZSO  per  mile  for  track  laying  and  |Z0O  per  mile  (Or 
surfacing.  The  engineer's  preliminary  estimates  of  the  cost  of 
"train  service"  have  usually  been  about  tlOO  a  mile,  but  the  actual 
coat  has  ranged  from  %1S  to  }1E0  a  mile.     Summarising  we  hare: 

Per  mile. 

Tracking  laying    (contract  price) tlSO 

Surfacing    (contract  price) 2011 

Train  service   (Including  loading) 116 

Total    tE7S 

0(  course  the  length  of  all  permanent  a:ldlng  Is  Included  in  arriv- 
ing at  the  mileage. 

In  addition  to  this  Item  of  "train  service"  there  Is  the  cost  of 
transporting  workmen  to  the  site  of  Che  work,  for,  under  most 
i  railway  company  agrees  to  carry  the  contractor's 
I  free  over  Its  own  lines.  The  railway  also  frequently 
agrees  to  carry  the  contractor's  plant.  Including  anlmale.  free  (or 
some  prescribed  distance.  This  cost  of  transporting  men  and  plant 
has  seldom  exceeded  tZS  per  mile  of  track.  This  brings  Che  total 
cost  up  to  about  }6ao  a  mile.  An  allowance  greater  than  this  Is 
usually  an  error  on  the  side  of  liberality. 

The  Item  that  we  have  called  "train  aervlce"  Is  commonly  under- 
estimated by  engineers  who  have  not  had  access  to  the  t>ooks  of 
railway  c<Hnpanles.  so  that  an  analysis  of  Items  that  go  to  make  up 
this  cost  of  train  service  will  prove  of  decided  value  to  the  majority 
of  railway  engineers    Such  an  analyalB  follows : 

1  englneman     J  3.60 

1  fireman    2,00 

1  condQCtor     S.OO 

Z  brakemen   at   }Z 4,00 

I  engbie    7.50 

11   Hat  cars  at  IS  cts. 4.90 

4  tons  coal  at  $3 12.00 

Oil  and  waste 0.75 

Total     IJ7.TB 

In  round  numbers  we  may  call  It  tlO  a  day  for  a  trabi  and 
train  crew. 

It  must  be*remembered  that  the  train  crew  Is  paid  by  the  month 
EUid  not  by  the  day.  Hence  the  average  number  of  miles  of  track 
laid  per  month  should  be  divided  by  the  total  number  of  vorUng 
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days  In  the  month  and  not  by  the  number  of  daya  actually  worked 
In  arrlvlnE  at  an  average  dally  mlleose  for  track  larlOK  to  be 
divided  Into  the  cost  of  train  aervlc«. 

It  must  also  be  remembered  that  the  number  of  tialDa  required 
c»n  Dot  be  determined  by  the  average  haul  of  materials,  bul  by  the 
longtat  liaul  from  the  material  yards  to  the  front 

Usually  three  trains  are  needed  In  bulldinK  a  long  line,  where 
the  track  laylns  gaag  Is  large  enough  to  lay  2  miles  of  track  a  da.y 
when  working'  Hue  to  Hi»el)s  of  bad  weather,  delays  occasioned  by 
non-completlon  at  bridges,  etc..  the  monthly  average  will  not  be 
more  than  40  miles,  or  1.6  miles  per  working  day.  Hence  3  trains 
at  ¥40  equals  |120,  which  divided  by  l.E  milea  gives  ISO  per  mile 
tor  train  service. 

To  this  must  be  added  the  cost  of  unloading  raits  and  ties  in 
the  nuiterial  yard.  The  rails  and  taatentngs  weigh  atnut  110 
tons  per  mile,  and  Che  ties  weigh  about  iOO  tons  per  mile  ol  Irark. 
Practically  all  the  Meel  has  to  ba  unloaded  and  loaded  again, 
but  usually  the  ties  are  delivered  with  such  regularity  that  only 
a  small  portion  of  them  needs  to  t>e  stored.  Contract  prices  for 
loading  rails  at  10  cts.  a  ton  are  not  uncommon,  although  Ihe 
price  frequently  runs  as  high  as  25  eta  By  common  forces,  ma- 
terials should  be  unloaded  and  reloaded  for  Si  cts.  a  ton.  Hence, 
If  all  Che  track  materials  were  thus  handled,  the  yard  expense  would 
not  exceed  ISO  per  mile  of  track.  Under  ordinary  conditions  not 
more  than  halt  the  materials  are  thus  handled  In  the  yard,  so  that 
the  yard  cost  averages  about  t4G  per  mile  of  track.  Adding  this  to 
the  Item  ot  train  service  we  have  the  total  of  tl25  per  mile  of  track. 
as  above  stated. 

Where  alt  the  track  la  to  be  ballasted  at  once,  the  present 
practice  Is  (o  Include  the  cost  of  "Burfaclng  track"  as  a  part  ot  the 
cost  of  ballast  I  riK- 

To  Indicate  how  the  contract  prices  run  under  such  conditions, 
we  may  cite  the  bids  on  the  Portland  A  Seattle  By.,  In  1900,  which 
were  as  follows : 

Track  laying,  Including  loading  ot  ti«ck  materials  but  not 
including  unloading  in  the  yard,  tSOO  per  mile. 

Tie  plating  (fully  tie  plated),  |TC  per  mile. 

Labor  on  single  tie  plates,  1  %   cts.  each. 

Labor  on  switches.  flB  each. 

BaJlast,  27  ct*.  per  cu.  yd. 

This  price  Is  for  gravel  ballast  and  includes  all  the  cost  ot 
loading  and  unloading  the  same  and  tamping  It  under  the  ties, 
and  lining  up  the  track,  but  does  not  include  tlie  train  service  nor 
the  wear  and  tear  on  the  steam  shovel  which  Is  furnished  bv  the 
railway  company.  The  train  service  rarely  exceeds  B  cts  per  cu,  yd. 
and  another  1  ct.  will  usually  cover  steam  shovel  repaira  and 
depreclatum.  This  9  eta  added  to  the  contract  price  <5f  27  cts.  gives 
a  total  ot  36  cts.  per  cu.  yd.  of  gravel  ballast  In  placs.  This  la 
a  liberal  estimate  under  ordinary  condltlona 
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Wa  Blve  the  following  as  confirming  the  above  given  estimate 
of  (160  per  mile  tor  "Iraln  service,"  yard  work  and  tranaportatlon 
of  men  In  track  laying; 

On  the  Seattle  and  Montana.  Ry.,  built  In  IS91,  the  train  service, 
etc.,  coHt  tfiT  per  mile  of  track  for  79  mllea. 

On  (he  Idaho  division  of  the  Great  Northern  Ry.  (110  mllefl 
long>,  built  In  1892.  the  train  ■ervloe.  etc..  coat  tI2E  per  mile  of 
track. 

On  the  Cascade  division  of  the  Northern  Pacific  Ry.,  built  In  1831. 
the  coat  of  train  service,  etc.,  was  tITO  per  mile  of  track.  This  was 
a  dinicult  section  over  the  Cascade  Mountains.  On  an  easier  section 
the  corresponding  cost  was  %\.5t>  per  mile. 

On  the  Bnake  River  branch  of  the  O.  R.  £  N.,  built  In  1899,  the 
coat  of  train  service,  etc.,  was  1154  per  mile,  to  which  must  be 
added  lis  per  mile  (or  the  cost  of  transporting  men.  etc 

It  win  be  seen  from  these  fifturea  that  engineers  quite  commonly 
underestimate  the  total  cost  of  track  laying  and  surfacing.  Fre- 
quently eatlmatea  may  be  seen  that  contain  no  allowance  whatever 
for  train  service  and  work  at  the  material  yards. 

Co*t  of  Tracklaying,  M.,  St.  Paul  ft  S.  S  .M.  Ry.— About  263  miles 
of  track  were  laid  in  1892-3  from  Valley  City  across  North  Dakota. 
The  tracklaylng  and  surfacing  were  done  by  the  railway  company, 
not  by  contract.  The  track  was  7Z-1b.  rails  laid  on  IS  ties  to  the 
30-fL  rail.  The  construction  train  was  made  up  of  32  cars,  the  loco- 
motive being  In  the  middle  of  the  train.  The  next  car  behind  the 
locomotive  was  an  ordinary  Hat  car  loaded  with  telegraph  material; 
then  followed  IE  box  cars  loaded  with  ties.  In  front  of  the  locomo- 
tive were  the  following  cars,  No.  1  being  the  one  farthest  fronL 

No.  1.  Pioneer  car.  This  was  double  deck,  containing  blackamith 
shop,  store  room,  general  foreman's  office,  telegraph  offlcTe,  two  sleep- 
ing rooms,  and  three  extra  berths.  In  front  of  the  car  was  a  plat- 
form catrying  extra  apllce  bars,  bolts  and  spikes. 

No.  2.  store  car.  This  was  double  deck,  and  had  a  store  room  for 
provisions  and  one  for  clothes,  sleeping  berths  for  cooks  and  a. 
sleeping  apartment  above. 

Noa.  3  and  4.  dining  and  sleeping  cars,  double  deck. 

No.  B,  kitchen  car,  single  deck. 

No.  e,  dining  and  sleeping  car.  double  deck. 

No.   T.  feed  and  fuel  car.  ordinary  box  car. 

No.  8,  water  car.  fiat  car  with  a  !,0O0-gal.  tank  at  each  end. 

NoH.  9  to  16,  flat  care  with  rails  and  aplkea. 

Work  commenced  at  T  a.  m.,  the  teams  hauling  ties  from  the 
f.ve  r«er  cars.  The  ties  were  shoved  from  the  car  down  a  tie  chute, 
provided  with  three  rollers,  and  were  loaded  Into  a  V-shaped  rack 
on  a  wagon  holding  2E  ties.  The  rails  were  unloaded  onto  the 
ground  from  both  sides  of  the  cars,  and  the  train  pulled  back  out 
ot  the  way.  The  rails  were  loaded  onto  two  "iron  cars"  and  hauled 
to  the  end  of  the  track  by  horses.  The  Iron  car  gang  would  "drop" 
100  rails  (1.600  ft.  ot  track)  In  half  an  hour.  Aa  soon  aa  a  pair  was 
dropped  upon  the  ties,  a  hook  gage  was  thrown  over  them,  at  the  for- 
ward end,  and  the  horse  pulled  the  cir  forward  30  ft.     Two  more 
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ralla  were  then  run  out,  and  so  on.    The  tracklaylns  force  was  as 
follows: 

Iron  car  gang,  who  diDDped  rails.  22  men  at  f2.2E t  49.E!> 

Slrappere,  who  adjusted  and  bolted  splices,  6  men  at  fS.OO...  IS.Ofr 

Spike  peddlers.  2  men  at  tl.&O S.0O 

Tle-spaclnK  Kang.  12  men  at  fI.EO 18.00 

Man  llnlns  tres,  with  rope  and  sukes,  t  men  at  fl.TE I.EO 

Men  spacrriK  Joint  ties,  2  men  at  tl.7S I.GO 

Men  loireltng  Krade  cut  by  tie  wagons,  i  men  at  11.60 «.0O 

Splkers.   IS  men  at   J2.00 JI.OO 

Nippers,  holding  up  end  ties  for  splkers,  8  men  at  (1.50 12.00 

Trackllnlng  gang.  8  men  at  tl.TB 10.60 

Teamsters  tor  tie  wagons  <tSS  per  mo.  and  board),  10  men 

at    12.00 gO.tO 

Men  unloading  ties  from  cars.  IE  men  at  11.75 26.2E 

Men  unloading  rails  and  fastenings  from  cars.  4  men  at  tl-TE  T.OO 

Telegraph  gang,  8  men  at  11.75 H.OO 

Telegraph  operator  (}G0  per  ma.),  1  man  at  tS.OO 2.00 

Drivers  of  Iron  car  horses,  2  men  at  I1.7G S.EO 

Blacksmith,  1  man  at  83.25 2.2G 

Night  watchman.  1  man  at  Jl.BO l.BO 

Csoks  (150  per  mo.),  2  men  at  82.00 4.00 

Baker,  working  nights.  1  man  at  »2.60 2.50 

Walters.  5  men  at  |2.O0 10.00 

Storekeeper.   1  man  at  8Z.G0 S.6t 

Foremen   (tSG  per  mo.  each),  5  men  at  12.80 14.00 

Oeneral  foreman  (8150  per  ma).  1  man  at  8B.0O 6.00 

Total 8325.50 

Note  that  the  teams  of  horses  are  not  Included,  but  the  drivers  of 
the  teams  are  Included  in  the  above.  The  men  wera  boarded  for 
81.G0  a  week,  sind  this  was  deducted  from  the  wages  of  all  except 


The  average  dally  wage  of  these  IGT  men  was  81-86. 

The  telegraph  gang,  consisted  of  8  men  and  1  foreman.  The  cedar 
poles  were  25  ft.  long,  spaced  SO  to  tbe  mile,  set  5  ft.  In  the  ground. 
The  wire  was  stretched  from  a  reel  on  a  small  hand  wagon  pushed 
by  the  men. 

This  force  of  167  men  and  about  90  horses  averaged  1  miles  of 
track  per  day.  If  we  consider  horses  <not  Including  driver)  as 
costing  81  per  day.  we  liave  a  total  dally  cost  of  8415.60,  not  Includ- 
ing the  cost  of  operating  two  locomotives  and  trains,  which  may  be 
rated  at  840  each  (Including  wages,  fuel.  Interest  and  depredation). 
This  brings  the  total  cost  to  8486.50  per  day,  or  81AG  per  ^ille. 
Including  the  erecting  of  the  telegraph  line,  but  not  Including  the 
cost  of  surfacing  the  track.  On  one  occasion  the  above  forca  laid 
4  miles  In  10  hrs.  In  dry  open  country,  like  North  Dakota,  this 
method  was  taster  than  working  with  track  machines  cuid  no  more 
expensive.  In  swamp,  very  hilly  or  timbered  country,  the  track- 
laying  machines  are  especially  serviceable. 

The  track  surfacing  gangs  followed  the  tracklayers  and  surfaoed 
the  track  so  as  to  make  a  safe  roadway  and  prevent  bendlrkg  of  the 
rails  and  splices  before  the  ballasting  was  done.  These  gangs 
numbered  40  to  45  men  under  a  foreman  and  sub-foreman.  About 
250  men  were  required  for  surfacing.'  and  they  went  to  and  from 
work  on  hand  cars,  their  boarding  cars  being  located  on  tbe  sidings 
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which  wire  put  In  about  evary  10  mllea.  I(  these  men  received 
tl.BO  per  day,  the  aurfaclng  cost  tSTE  per  day,  or  M'ifi  per  mtle. 
Hence  the  total  coat  ot  laylag  and  aurfaclnK  would  be  t2S0  per  mile. 

Cort  of  Tnckliylna,  BO-lb.  Ralli.— In  ISSl  the  following  t^ng 
averaKed  one  mile  of  track  laid  per  day  by  contracL  The  track 
WOfl  not  surfaced  by  thla  force. 

This  doea  not  Include  the  coat  of  "aurfacliiK,"  ttor  does  It  Include 


■     "train  aervlca." 


Per  day. 


t  »1.60. 


tla  Unera.  at  $I.GD.. 
tie  unloadera.  at  t].&( 
tie  epreadera,  at  (l.Gi 
-waterboy,  at  11, 2B, . 
foreman,  at  fJ-OO.  ■ . 
Iron  BBOK- 

uhloaders, 


t   (2.00.. 


J!. 00. . 
tl.2B., 


waterboy,  t,.  , 

foreman,  at   (3.00 

Front   Kane. 

tie  spacer,   at   fl.GO 

spike  peddler,  at  tl.EO... 

nlppera,  at  ti.BO 

aplkers,  At  (2.00 

■trappers,  at  tl.BO 

waterboy,  at  f1.25 

foreman,  at  tS.OD 

Tie  loading  sang. 

men  (4  eanga  of  4  each), 

waterboy,  at  tl.25 

foreman,  at  fs.OO 

BackaplklnK  Kans. 

tie  spacer,  at  (l.GO 

Stke  peddlers,  at   tl.GO.. 
ppera.  at  11.50 

spl&ers.  at  $2.00 

waterboy.  at  (1.25 

foreman,  at  (3.00 

Unlns  sang. 
■  men,   at   (1.60 

waterboy.  at  (1.25 

Backfllling  gans. 

men,    at    (1.60 

waterboy,  at  (1.25 

foraman,  at  (3.D0 

Hauling  gang. 

teamsters,  at  (1.80 

waterboy.  at  (1.26 


Oeneral  force. 
camp  boH,  tear 
blacksmith,    at 
night  wnlchmen 


25 .*. 

t  12.26 


Uaterlal  train,  fuel  and  waces 

Total  per  day  and  per  mile (288.90 
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Th«  torce,  ht  above  given,  can  lay  1  %  mllea  of  steal  track  per  diT. 
but  cwiRot  keep  up  the  back  work  and  average  much  more  than  one 
mll«.  All  Ilea  are  tull  iplked  ;  IS  ties  to  a  30-tt.  rail ;  GO-lb.  steel 
ralla  The  ties  and  Meel  are  delivered  to  the  contractor  on  cars  at 
the  last  aide  track;  and  side  trscke  are  about  S  miles  apart 

A  material  train  la  made  up  of  10  tie  care,  each  holding  ISS  ties. 
and  i  steel  cars,  each  holding  60  ralla.  This  train  t>  at  the  boarding 
train  at  4  a.  m.,  In  time  to  take  the  force  to  the  front  after  break- 
fast The  backflllera.  liners  and  backsplkera  are  dropped  where 
work  had  stopped  the  day  before,  and  the  10  cars  of  ties  (which 
are  [n  the  rear  of  the  looomotlve)  are  uncoupled  far  enough  bach  to 
give  the  train  room  to  move  ahead  with  the  S  care  of  steel  (which 
are  In  front  of  the  locomotive)  as  tar  as  the  "Iron  car"  upon  which 
30  rails  at  a  time  are  loaded  and  pushed  up  front.  The  two  un- 
loaderB  In  the  Iron  gang  aaslat  tn  loading  the  Iron  car;  and.  while 
the  rails  on  the  Iron  car  are  being  laid,  they  throw  oft  another 
30  rails  from  the  Oat  cars  ready  to  be  loaded  on  the  Iron  car.  The 
10  cars  of  ties  are  brought  up  ai  fast  as  the  track  will  allow,  and 
onlf  enough  are  unloaded  by  the  tie  loaders  at  one  time  to  keep  tho 
wagons  busy.  At  noon  the  train  carries  the  force  back  to  dinner,  tba 
empty  flat  cars  are  sidetracked,  and  another  train  of  10  tie  cars  and 
3  steel  cars  brought  up  In  time  to  take  the  men  back  after  dinner. 

In  laying  the  track,  the  pane)  vacer  with  a  30-ft.  pole  and  pidc 
keeps  far  enough  ahead  to  do  duty  as  the  roadmaster.  Tbe  front 
gangs  of  splkera  (2  on  each  rail)  spike  3  ties  In  each  panel,  always 
the  Joint  and  the  Eth  and  11th  ties,  skipping  4  ties  each  time.  Of 
the  S  strappera,  one  untiims  the  plates,  leaving  plates,  nuts  and  belts 
on  the  Joint  tie,  and  the  other  4,  working  2  on  a  dde,  strap  up  and 
bolt  the  Joints  Should  the  backBplkers  get  behind,  they  are  asBlned 
by  the  trontBplkers.  Should  the  backflUera  get  behind,  they  are 
reinforced  by  the  lie  gangs,  and  the  Iron  gang  and  strappers  can  be 
putting  In  the  Bidlnga 

Of  the  teams,  IS  are  used  to  haul  ties,  1  to  pull  the  Iron  <ar.  and  1 
to  haul  water  to  the  boarding  train.  The  16  teams  haul  14  loads  ot 
li  ties  each  per  day.  making  2,SB8  ties. 

Cost  of  Trscklaying  on  the  A.,  T.  A  8.  Fe  R.  R.— With  a  weil- 
organlieJ  force  the  coat  of  laying  and  surfacing  the  Arkaneas  City 
extension  of  the  A..  T.  &  S,  Fe.  In  188B.  was  t2S2  per  mile  for  a. 
month's  work.     On  the  same  road  the  followldg  force  laid  S  mllea 
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Lairtnff.  Per  day. 

16  moi  running  Iron  cars,  at   tl.TB I  2S.S6 

t  men  unloadlnK  Iron,  at  tt.IB 3.G0 

£4  men  spiklDK.  at  |1.T5 42.00 

S  men  atrapplnK,  at  11.75 14.00 

i  men   niaclng   tlea  and  "squarlnB"  Joints,  at 

n  lining  Crack,  a 

"'ng  "Joint 

ying  gages,  at  U-IS-- 


T  men  aetting  "Joint  and  center"  tlea.  at  fl.TG     12.1S 

a  men  carryfng  gages,  at  »1.76 3.50 

2  men  dlatrlbuUng  apikea,  at  SI. 75 3.50 


.. Ing  Cor  tools,  at  (l.JB 

n  bedding  tiee,  at  11.40 BB.SO 

n   {"nlppera").  at  t?  '"  


I  general   for 


ie.80 

■no 26.20 

at  11.40 2.80 


general   l 

1  foreman   Iron   car i.bu 

1  foreman    tie    bedding 2.E0 

1  foreman  handling  ties 2.G0 

1  foreman  tracklinlng  2.60 

1  foreman  aplking  gang 2.00 

10  extra  men,  at  fl.40 14.00 

SZ  teams  hauling  tlea.  at  13.60 T7.00 

1  team  hauling  iron  car,  at  (3.50 j.GO 

Total  laying  2  mllee  at  tlTO.TO 1341.63 

In  addition  to  this  the  surfoclng  of '2  mlTea  of  track  per  day  c 
18  follows: 

Surfacitiff, 

80  ahovelers,   at  11.40 SllS.iO 

a   "back- bolter  a."    at   11,75 8.60 

1  foreman  ralslnB  track 2.00 

1  foreman     2.60 

Total  Burfaclng  2  mllea  at  ISO.IO 1120.20 

rmln  Beroice  and  Qeneral. 

Superintendent    of   trBcklaying 1  6.00 

Timekeeper    3,00 

Train  and  engine  crewa 16.04 


Total,  train  crews,  etc.,  2  mllea  at  117.00 134.01 

Bumtnarv-  Per  mile. 

Tracklaylng    1170.76 

TracksurfaclDg    60.10 

Train  service,  etc 17.00 

Total     1247.86 

This  does  not  include  the  cost  of  supplying  and  distributing  of 
ballast  by  train.  On  the  Lamed  branch  IE  mllea  were  laid  In  7  days, 
but  under  the  favorable  circumstance  ol  llebt  grades,  light  work, 
light  earth  for  ballast,  and  roadbed  [□  flrat-clasB  condition. 

It  win  be  noted  that  the  cost  of  "train  service"  appears  not  to  In- 
clude the  dellrery  of  materials  from  material  yards,  nor  doea  It  In- 
clude fuel,  and  Interest  and  depreciation  on  plant. 

Coat  of  Tracklaylng,  A.,  T.  A  S.  Fe  R,  R.^.Some  rapid  work 
was  done  (1899)  In  the  extension  of  the  A.,  T.  &  S.  F.  Ry.  from 
Stockton,  Cal.,  to  Port  Richmond.     The  rails  were  laid  with  broken 
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Joints,  n  ties  per  rail.  One  atretch  of  11  miles  (fi2U-lb.  ralU)  wa« 
Uld  at  the  rale  of  2,8*S  ft.  per  day,  with  a  force  o(  46  men,  on  level 
grade.  Another  atretch  of  IT  miles  (TE-lb.  raits)  was  laid  at  the 
rate  of  I, GOO  ft.  per  day.  with  4B  men,  on  a  descending:  grade  of  1%. 
with  curves  at  Intervals  of  %  mile.  The  best  day's  work,  on  the 
level  grade,  was  B,400  fL.  with  E2  men.    The  force  was  as  follows: 

Foreman     1 

Sub-foreman    3 

Strappers   4 

Bplkers    '.'.'.'.'.'.'.'.-» 

Nippers     4 

Tie   line   roan 1 

Lining     ties S 

Tie    plater I 

Spike     peddler 1 

Spacing    ties 2 

Spacing    rails 2 

Back  bolting  2 

Tie    carriers 10 

Picking  up  materials 1 

Total     52 

Cost  of  Tracktaylng,  P.,  S.  «  N.  R.  R.— Hr.  0.  C.  Woollard 
^ves  the  following  on  tracklaylng  on  the  Pittsburg,  Shawmut  ft 
Northern  R.  R.  The  length  ot  track  laid  was  B  miles.  With  a  gang 
of  46  men  and  3  foremen  the  average  day's  work  was  2.870  ft.  of 
track  laid;  the  t>eBt  day's  work  was  3,290  fl.  There  were  IS  men 
and  a  foreman  In  the  tracklaylng  gang;  II  men  and  a  foreman  In 
the  supply  ganft ;  11  men  and  a  foreman  In  the  backtieing  gang. 
Beside  these  men  there  were  a  locomotive  engineer,  flreman.  con- 
ductor and  a  brakeman.  No  teams  were  used.  Trucks  passed  one 
another  by  raising  one  truck  to  a  Tertical  position  on  the  cross-ties 
and  then  allowing  It  to  drop  back  to  an  oblique  position,  keeping  It 
from  turning  over  by  meaps  of  a  prop  while  the  loading  truck 
passed.  There  were  18  oak  ties  to  a  rail,  and  rails  were  SE-lb.  All 
the  work  was  on  a  2%  down  grade,  which  facilitated  deliverer  of 
nmterlals  by  gravity. 

Cost  of  Tracklaylng  with  Machina*.  —  Tracklaylng  machines 
do  not  lay  the  track,  but  merely  facilitate  the  delivery  of  ties  and 
rails  on  a  series  of  rollers  from  the  cars  to  the  tracklaylng  gang 
of  men.  In  rugged  or  swampy  country  a  tracklaylng  machine  Is 
esperlnlly  economic,  because  the  ties  cannot  be  easily  delivered  by 

With  a  Holman  tracklaylng  machine,  120  miles  of  the  Washing- 
ton County  Ry.  (Maine)  were  laid  In  1891.  The  best  day's  work 
was  3  miles  laid  In  9  hra  with  110  men. 

On  the  Burlington  &  Misaourl  Rlrer  Ry.,  with  a  sang  of  SG  men 
and  a  Holman  machine.  I  ^  miles  per  day  wer«  laid  at  a  cost  of  1100 
per  mile.  The  rails  were  8E-lb.  rails,  with  18  ties  to  a  ralL  Curves 
-^  )•  I-  n"  iM,v  Jnia,  Ekiualiy  good  work  waa  done  with  the  Harrla 
tracklaylng  n 
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On  the  Chlca«o,  Rock  laland  *  PbcIAc  Ry..  l.SOO  mlleB  of  track 
were  lalil  with  a.  Harris  machine  In  1888  and  IBST.  The  average  cost 
of  larlnK  2  nlleH  per  day  waa  aa  tollows: 

1  general   foreman (     6,00 

2  assistant  foremen,  at  |3 8.00 

109  laborers,   at   Ji S18.00 

1  engine  and  train  crew 20.00 

Total,  t   mllee.   $1Z4.GD 1249.00 

To  this  must  be  added  tlO  per  mile  tor  preparatory  work  In  trana- 
ferring  material  to  cars  in  the  yard,  and  tS  per  mile  royalty  for  use 
of  the  Harris  machine,  bringing  the  total  to  (140  per  mile.  It  will 
be  noted  that  this  does  not  Include  the  cost  of  surfacing. 

The  Harris  machine  la  iaid  to  be  quicker  than  the  Hotman, 
where  long  stretches  are  to  be  laid ;  but  the  Hobnan  la  more  eco- 
nomical for  short  slretchea  or  where  delays  are  frequent,  as  the 

Another  machine  that  has  been  extensively  used  la  the  Roberts. 

The  Hurley  Tracklajlng  Machine  Co,,  of  Chicago,  make  an  ex- 
cellent machine  with  which  2  to  4  miles  per  day  can  be  laid  and 
quartersplked  with  a  gang  of  40  men. 

Cost  of  Laying  a  Narrow  Osge  Track. — Where  ties  and  rails  are 
dumped  along  In  small  piles,  and  where  no  grading  has  to  be  done, 
a  gang  of  3  men  will  average  210  ft.  of  track  laid  In  10  hra.  This 
applies  to  a  light  3-fL  gage  track  made  of  30-lb.  rails  on  6  x  S-ln. 
ties.  S  ft.  long,  spaced  S-ft.  centers.  With  wagea  at  IG  cts.  per  br.. 
the  laiKir  coat  Is  practically  2  eta.  per  ft.  of  track,  or  tlOO  per  mile. 
after  the  materials  are  delivered. 

A  Method  of  Unloading  Ralli^-An  effective  method  of  unloading 
rails,  along  a,  track  where  new  rails  are  to  l>e  put  In,  Is  aa  followa: 
The  car  Is  provided  with  a  tall  l>oard  that  hangs  down  and  drags 
along  on  the  track,  forming  an  Inclined  plane.  A  hook  on  a  rope  la 
hooked  Into  a  rail,  and  another  hoolc.  on  Che  other  end  of  the  rope,  is 
iiooked  over  a  tie.  As  the  car  moves  slowly  forward  the  rail  Is 
dragged  ouL  By  having  two  of  these  ropes  and  hooks,  pulling  out 
two  rails  at  a  time.  71  rails  were  unloaded  In  2E  mina  from  a 
dnip  end  gondola,  and  SB  rails  In  42  mlna  from  a  solid  end  gondola. 

Com  of  Renewing  Ralls  on  the  C,  C,  C.  A  St.  U  Ry.*— The  fol- 
tovlDg  Is  given  by  Ur.  John  Barth.  and  relates  to  the  cost  of  taking 
up  SO-lb.  rail  and  laying  00-lb.  rail 

To  tmload  the  new  ran  I  used  a  rail  unloader,  which  waa  oper- 
ated by  air,  furnished  by  the  work  engine,  which  took  a  foreman 
and  Ave  men  besides  the  train  crew  to  operata  Any  good  handy 
warn  oonld  run  the  loader.  I  made  comparison  with  loading  and 
unloading  rail,  and  found  that  we  could  handle  the  rail  considerably 

*Engtiuertno-Cen1raetlng,  Oct   8,  1909. 
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cheaper   with   the  tnachlne.      It   cost   to  unload   the  new   rail  and 

fastenioKB.  per  mile: 

Ijlbor     t  9-TS 

Work    train    senicc 9.68 

Fuel,  oil  and  waste 7.B8 

Making,  per  mile  for  unloadlnK,  a  total  of 126.91 

Thia  was  on  glnKle  track  where  we  had  an  average  of  IT  tcslna 
during  the  10  working  hours.  To  get  the  above  eBtimate  at  cost  of 
unloading  I  took  total  cost  of  unloading  SE  miles  of  rail,  end  divided 
by  G5  which  gives  the  avemge  cost  per  mile.  Some  days  we  were 
hung  up  on  account  of  trains  and  did  very  little  work,  and  other 
days  we  could  do  more. 

We  loaded  the  old  rail  with  the  rail  loader,  and  It  coat  practically 
the  same  to  load  It  as  It  did  to  unload  the  new  rait. 

In  laying  this  rail  I  used  g&nga  at  one  foreman.  aaalBlant  fore- 
man, timekeeper,  and  two  Ragmen,  and  H  men.  Had  my  gangs 
organlipd  as  follows: 

Six  men  with  claw-bara  pulling  spikes. 

Three  men  with  spike  mauls  to  loosen  up  spikes  that  were  Muck 

Four  men  throwing  out  the  old  rail. 

One  man  with  nipping  bar  to  cant  the  old  raits  up  out  of  the  old 
t>ed,  and  3  men  to  shove  It  out. 

Three  men  driving  plugs  In  the  old  holes,  which  Bbould  be  dis- 
tributed ahead  of  the  work. 

In  taking  up  light  rail  and  laying  henvler  rail,  pull  the  outsids 
spikes.  In  doing  this.  I  had  1  man  with  an  adie  to  adie  oS  the  very 
highest  ties  only  and  to  cut  off  the  plugs  that  stick  up. 

Twelve  men  with  longs  to  set  tn  the  new  rail,  which  should  b» 

One  good  hustling  fellow  tb  put  In  the  expansion  shlnu  and  keep 
the  rail  gang  moving,  using  steel  cut  nails  for  stilms.  making  the 
oipanslon  according  to  the  thermometer  by  using  different  stKes  of 
nails,  putting  the  nail  In  crosswise  against  the  ball,  so  that  it  will  be 
out  of  the  way  In  putting  on  the  angle  bars.  The  flrat  few  trains 
over,  this  nail  will  slip  ouL 

Two  men  with  bars  with  claws  on  one  end  and  pointed  on  the 
other  to  shove  the  rail  Into  the  spikes  at  center  and  quartera 

Four  men  with  spike  mauls.  These  men  start  off  leaving  eight  ties 
unsplked  between  each  man.  and  go  ahead,  each  man  spiking  every 
eighth  tie  from  the  last  one  that  he  spiked.  This  spikes  avery  other 
tie,  and  prevents  the  men  running  around  each  other. 

One  man  with  a  claw  bar  and  adie  to  pull  out  the  spikes  that  come 
In  the  way  of  the  angle  bars  at  the  new  Joint,  and  to  adie  down  the 
high  ties  at  the  new  JolnL 

Five  men  putting  on  angle  bars,  and  bolting  up,  putting  two  bolts 
at  each  Joint,  all  bolts  and  angle  bars  to  be  distributed  ahead  of 
the  rail  laying  (or  each  day's  work  only.  Have  plenty  of  wrenches 
and  spike  mauls,  and  when  connection  Is  being  made,  or  waitinx  for 
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trains,  turn  the  men  that  are  working  In  the  tons  eanx  and  thosa 
ttirawlDB  out  rail,  bach  to  do  full  bolting  ant!  full  Bplklns. 

Two  men  with  a  Du>h  car.  to  keep  the  connection  rails,  oS-aet 
Bpllcea,  and  everything  needed  In  nutblnK  a  connection,  and  extra 
tools,  rlsht  up  with  the  rall-laylnK.  so  that  when  connection  la  to 
be  made  they  will  be  on  the  ground.  Have  the  splkera  and  tMltera 
In  starting  out  assist  these  two  men  In  loading  the  connection  rails. 
Always  move  the  last  new  rail  ahead  and  use  It  as  a  connection  rail 
all  the  way  throu^    This  will  always  give  you  a  good  Joint. 

The  foreman  should  watch  tlie  time  of  the  regular  trains,  and  go 
ahead  of  the  spike  pullers,  and  pick  out  his  place  tor  making  a  con- 
nection, and  have  four  picked  men  out  ol  the  gang  that  set  In  the 
rail  to  make  the  connection,  using  short  pieces  of  rail.  I  used  pieces 
from  4  ft.  to  i  Ins.  long  and  used  off-set  bars  from  90  lbs.  lo  80  lbs. 
I  always  found  that  my  new  rail  fell  short.  I  was  putting  down 
33-tt.  rail  and  taking  up  EO-ft.  rail,  and  every  ten  rail  lengths  we 
could  make  a  good  connection  by  pulling  the  8D-lb.  rail  against  Ihe 
90-lb.  and  using  short  pieces  of  80-lb.  rail  to  tlU  In  the  gap.  In  clos- 
ing up  at  night,  II  I  thought  It  neceaaary,  I  would  cut  In  a  long 
piece  of  ralL 

The  two  men  handling  the  push  car  and  keeping  the  tools  and  con- 
nections up  with  the  rail  laying,  should  also  keep  the  tools  In  good 
repair,  such  as  keeping  handles  In  the  mauls,  and  have  a  general 
supervision  of  the  tools. 

The  assistant  foreman  should  be  back  among  the  workmen  and 
•ee  that  the  track  Is  kept  safe  spiked  and  bolted,  and  ready  tor  trains 
by  the  time  a  connection  fs  made. 

Section  men  should  follow  up  and  tamp  any  ties  that  may  be 
banging  or  shim  them  up  as  the  season  of  the  year  may  require. 

Gage  the  track  when  you  space  the  ties,  as  you  will  have  to  do 
It  at  that  time  any  way,  and  It  avoids  cutting  up  the  ties  with  spikes. 

In  taking  up  gO-lb.  rail  and  putting  down  90'lb.  rati,  puti  the  out- 
side spikes  of  both  rails.  In  doing  this  you  avoid  adding,  as  the 
new  rail  wUl  set  up  on  the  shoulder  of  the  tie  on  the  outside  and 
give  the  wheels  a  full  bearing  on  the  ball  of  Che  rail.  In  taking  up 
and  laying  rail  of  the  same  slie,  pull  the  Inside  spikes  on  both  rails, 
and  adie  the  ties  down  so  as  to  give  the  wheel  a  perfect  bearing  on 
the  ball  of  the  rail.  To  do  this  it  would  take  five  extra  men  to  do 
the  adilng  above  the  4*. 

Pull  bolt  and  spike  the  new  rail  and  uncouple  the  old  rail  as  far 
as  you  go  each  day.  This  usually  can  be  done  while  waiting  on 
(rain*.  If  not.  take  the  time  Co  do  It  This  is  the  reason  I  did  net 
work  larger  gangs  of  men,  as  44  or  46  men  Just  about  cleaned  up 
each  day's  work  even. 

This  rail  laying  was  done  on  single  track  where  we  had  an 
average  of  17  trains  In  our  10  working  hours,  and  was  laid  at  a  cost 
of  t1t4.24  per  mile.    We  laid  an  average  of  i.EDO  ft  of  rail  per  day. 

Since  there  are  ill  tons  ot  OO-lb.  rails  per  mile,  this  cost  Is  equiva- 
lent to  10. 9B  per  ton. 
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Rail  Relaying  Gang.*— At  the  last  annual  convention  of  the 
Roadmajiter^  and  Maintenance  of  Way  Association  a  committee  re- 
port waa  read  on  relaying  rail  and  the  orKanliatlon  for  the  work. 
According  to  the  report  Bl  man  Will  make  a  Bood  rail  sans  'or  86 
to  lOO-lb.  rallH,  thla  gans  being  made  up  as  follows:  1  foreman. 
1  amistant  foreman,  IS  men  on  the  tons*.  T  men  putting  spikes, 
t  men  adalng,  1  man  pluKglng  spike  holes,  t  men  throwing  out  old 
line  of  ralle.  10  men  spiking,  S  men  bolting.  2  (lagmen.  I  too)  man. 
and  1  water  man.  All  rails  should  be  laid  one  at  a  time,  except  In 
a  yard  where  business  la  too  heavy  to  permit  of  the  use  of  the 
tracka  Heavy  adzing  should.  It  possible,  be  done  In  advance  of  rail 
laying. 

A  gang  of  thla  size  can  lay  one  mile  of  track  per  day  on  th« 
average  railroad.  At  this  rate,  and  aasumlng  wages  to  average  %i 
per  man.  It  would  cost  |100  per  mile  for  relaying  ralla 

Labor  Cost  of  Renewlno  Rills — During  a  trafllc  of  one  train  P«r 
hour.  In  winter,  the  cost  of  taking  up  old  rails,  unloading  and  placing 
new  TZ-lb.  rails  on  a  single  track,  was  |140  per  mile.  The  wages 
of  common  laborers  were  ll.tS  per  10  hra 

Labor  Cost  of  Renewing  Ralls.— In  1904  and  I90S,  old  72-tb  rails 
were  taken  up  and  new  85-lb.  rails  laid  on  certain  sections  of  track 
in  the  Btntp  of  Washington  at  the  following  costs  per  mile.  Hie  Drat 
work  involved  27  miles  of  single  track. 

Unloading  and  distributing t  U.tO 

L.iying  and  Burfnclng !»4.16 

Picking  up  and  piling  old  steel 38.IE 

Total     '. fSCS.IO 

Since  85-lb.  rails  weigh  1S4  tons  i>er  mile,  the  labor  cost  ot  re- 
newing these  rails  was  fZ.TG  per  ton. 

On  another  Ig-mlle  stretch,  the  cost  was  as  follows: 

Unloading  and   distributing 8  3S.0G 

Living  and   surfacing 39S.T0 

Picking  up  and  piling  old  steel 18.80 

Total     J467.se 

This  Is  equivalent  to  nearly  88.60  per  ton,  which  Is  an  onnecu- 

sarlly  high  cost.    The  wages  of  laborers  were  tI.7G,  and  of  q>lkers 

8i.2S  per  day. 
Cost  of  Laying  Side  Tracks  and  Swltchss.f— Practically  nothlns 

has  ever  been  printed  as  to  the  cost  of  laying  sidetracks  and  spurs. 

We  purpose  giving  In  this  article  eight  examples  Of  the  acttial  cost 

of  this  sort  ot  work  on  a  western  railway. 

The  grading  was  done.  In  most  cases,  by  contract  and  Its  cost  ■• 

not   Included    In    the  following  costs,   unless   opecincally  i 

The  tracklaylng  and  surfacing  were  done  by  company  forces. 

*E«fftneertng-ContraeUng,  Jan.  IE,  190B. 
lEnglnatrinff-ConCracHnff,  Nov.  4,  1B08. 
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Bxample  1. — This  Is  a  spur  track  400  (t.  Ions. 

g  days,  foreman  at  $1.60 %lt.{ 

16  days,  laborers,  at  tl.S5 20. 

Total  labor,  400  ft  at  10.08 $32. 

UaterlalB. 

198  cedar  ties  at  t0.3G    %  &S. 

1  set  stub  switch  tLeH,  3.200  tL  B.  M.  at  tl5 48. 

SOO  ft.  S.  H.    (Becond  hand),  GO  lb.   rail,  S  and 

1880/2240  tons  at  |1B 109. 

E2  S.  H.  angle  bars.  T2S  lbs.,  at  tl.37 9. 

100  S.  H.  trade  bolts.  8G  tbs.,  at  il.9G 1. 

400  lbs.  new  spikes  at  (1.85 7. 

1  rroB  (56  lb.) 8. 

1  a  H.  switch  lock 0. 

2  S.  H.  2  way  switch  chalra.  190  Iba.  at  tl.65..        3. 

e  connecting  rods.   E'   2",  at  fl.SG 8. 

1  8.  H.  long  connectlns  rod 2. 

1  hlKh  switch  stand,  2  way 8. 

Total    materials J261. 

Grand  total,   400  ft.,  at  10.73 |293. 

Exatnjila  2. — This  work  Involved  putting  In  a  switch  to  cor 
tracks,  the  length  at  track  laid  being  IIS  ft. 

4U  days,  foreman  at  tlSO % 

I4\4    days,    laborer  at    11.25 1 

4  0^1,  laborer  helping  engineer  stake  out  spur, 
11.36      

Total  labor,   IIS  fL  at  t0.2E5 %: 

Mate  rial  a 

19  S.  II.  switch  ties  at  tO.lO % 

1  set  switch  ties.  2,677  ft.  B.  M.  at  tl4 : 

108  ft.  new  7B  lb.. rail,  1  460/2240  tons.  (27 ; 

127  ft  a  H.  75  lb.  rail,  1  916/2240  tons.. (16 J 

22  new  JE  lb.  angle  bars,  6ZS  lbs.,  tl'45 

62  track  bolts,   53.7  lbs..  I2.O0 

26)  Crack  spikes,  143.4  lbs.,  11.68 

1  new  76  lb.  1-7  frog j 

1  new  sw.  lock 

1  S.  h:  sw.  stand,  2  way,  low 

Z  new  switch  points  (76  lb.)  at  |7.40 1 

12  new  tie  plates  at  t0.2G 

8  new  rail  traces  at  (0.155 

1  main  rod 

5  connectlns  rods  at  (0,60 

8  clips  at  10,27 : 

24  cHp  bolts,  12  Iba,  at  »S.10 

1  8.  H.  short  connecting  rod 

Total  materials S152. 

Qrand   total,  118  ft.,  at  31. E6 fl83. 

SxnmplA  3. — This  work  consisted  tn  patting  In  a  i>asi 
2,600  ft.  long. 

Idbor  tracklaylng. 

20  day*,  foreman  at  |l.80 |  3i 

78  days,  laborer  at  ti.3G 101 

Total  labor.  3,600  ft.  at  t0.O5t tI4: 
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Haterlala. 

1  S.  H.  haad  blocks,  SU  tL  B.  M..  at  » *     l.)4 

1,24S  a   H.  ties  at  t0.1«5 1811.63 

i  aeta  >w.  t[es.  31.04G  fL  R  M.,  at  120.00 «S.09 

12  planks  (3  i  12-lfi).  2,01S  tt.  B.  M..  at  til...  22.1T 

*.9i3  tL  &  H.  G6  lb.  rail,  41  811/2240  tODS,attll  e<Z.El 

340  S.  H.  A  ban.  4,590  lbs.,  at  10.S8 40.3S 

182  new  trk.  bolts,  I&E  lbs.,  at  tl.SS 2.8« 

E92  S.  H.  trk.  boUB,  G03  lbs.,  at  (1.40 T.04 

S,100  uplkeii,  2.eE6  lbs.,  at  S].«G 47.12 

Z  frpi  (1-9).  60  lbs.,  at  »lia5 1«.60 

1  H.  T.  2  way  bw.  stands  at  JT.25 14.60 

2  long  conn,  rofls  at  12.10 4.20 

2  S.  H.  conn,  rods  at  (1.05 2.10 

14  S.  H.  conn,   rods  at  tO.tS T,42 

.  S  sw.  stand  bolts.  12  lbs.  at  12. 2G 0.2T 

'  -40  sw.  chalfsYeO  ib.V,'i5T'lbB.".at"lV,45;!.":;!::       SilS 

2  sw.  locks  at  10.29 O.GB 

2  S.  H.  guard  rails  («0  Iba)  at  11. 2T 2.E4 

Total    materials (l.tOS.ST 

4,720  cu.  yds  grading  at  13  cts. E13.I0 

I^bor  ballast  InK, 

SVi  days,  foreman  at  11.80 1         9.90 

11  days,  laborer  at  11. 3E I4.SS 

Total    labor   ballasting 1      24.75 

Grand  total,  2,S00  tt.,  at  10.7E 1.875.32 

Bxamjilc  i. — The  work  consisted  In  laying  a  pasSinK  track  2.500  fl. 
long.  Including  grading,  ballasting  and  surfadng. 
Labor  grading: 

15  days,  foreman  at   11.80 1      tT.OO 

10  days,  laborer  at  11.25 22.18 

135   days,  team  at  11.50 tlt.fiO 

Total    grading 1    TJ1.I8 

Labor  laying  track. 


4  days,  foreman  at  11.80 }  7.10 

80  flays,  laborer  at  11.26 108-00 

Total,  2,600  ft.  at  10.043 1  107.SO 

L.abor  moving  a  switch. 


81i  days,   laborer  at  11.25 10.81 

Total   1  12-*3 

Labor  surfacing  track. 

4  days,  foreman  at  11.80 - t  TTIO 

20  days,  laborer  at  11,25 26.00 

Total    1  SS.IO 

Work  train  service  ballasting. 

1.4  days,  engine  service   (140  mL)  at  127.60.  .1  18.50 

1.5  days,  conductor  at  180  mo. 1-14 

5  days,  brakeman  at  160  mo. <.(7 

Total      t  19.ei 


Maierlala. 
4,TS0   lin.    ft.   a   H.    ES   lb.   rait,    19    149J/mo 

tons,   at   (IS %    (ll-ll 

n.  ft  S.  H.  to  lb.   rail,  2133/2210.  ton^ 


I  new  No.   9  frog 

i  new  No.    1  frog  (6fl  lb.) 

4  Kuard  rails  at  tl-27 

tlei   at    (0.23 , 

nr.  ties,  G.IE1  ft.  B.  H.,  flZ.OO 

4  H.  a  bolts.  ]S  lbs.,  tt.26 

lis  a  H:  50  lb.  A  bars,  1.462  Iba,  tO.SK 

1  sw.  stands.  JT.25 

II  S.  H.  50  lb.  splice  bars,  108  lbs.,  to. 88 

g  sq.  nuts,  2  lbs.,  tS.90 

S48  new  track  bolts,  GSl  lbs.,  tl.BS 

2  aw.  locks,   to. IK 

Dew  track  splkee,  2,974  lb&,   (l.OE 

1  new  I  way  «w.  chalca.  cast' 182*  ib.,  at  tl.«5 

3  new  tie  rods,  $1.10 

10  new  conn.  sw.  rods,   $1-10 

8  rail  bnicei.  $0.91 

2  crossing  plank   (S  X  12— IS),  GTS  ft  B.  U. 

at    $10.00 

1   lbs.   splhes.   tl.BE 

2  seta  froE  blockins,  $1.20 


15.24 
13.35 
12.2G 


Bieampte  S. — This  la  an  Industry  spur  EEO  ft  long,  and  the  coat 
of  labor  only  la  given.  The  rail  was  G6-lb..  and  the  cost  of  materlala 
can  be  easily  eatlmated  from  the  examples  previously  Klv^n. 


.8.00 


45.0< 


4  days,  team  and  driver,  t*.00 94.00 

Total.    550  ft,  at  $0.2B $1G9.00     , 

Note  the  high  cost  due  to  team  work. 

Sfoniple  & — This  consisted  In  making  an  extenaton  180  ft  long  to 
an  eilatlng  spur,  so  that  no  switch  was  put  tn. 
LAbor: 

no $  6.76 

._ 14.18 

$1,20 B.04 


l.S  days,  foreman,  i 
11. G  days,  labor,  at 
4.8  days,    labor,    i 


Total  labor,   180  It.  at   $0.14* $25.9G 

HaCerlal : 
■EO  ft.  S.  H.  eO-1b.  rail.  3  480/2244  ton*.  $24.20. .t  7T.T0 

.14  a   H.    A.    bars,    142   lbs.,   tl.ES...... B.23 

lOe  track  spikes,    106   lbs..    $1.59 l.eS 

48  S.   H.  tr.  bolU,  41  Iba,   $2.04 0.84 

94  treated   ties,   tO.lS 32,40 
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Example  % — Thin  Mnal«t«d  In  bulldloK  an  Induatrla]  Bpur  EGO  ft. 
lonK.  The  low  cost  of  th«  lAbor  abould  be  noted,  aa  compared  with 
Uiat  In  Example  G.  where  on  Inordinately  high  team  ooat  appears. 


8  hrg.   aSM.  Kagi.,  at  tlOO  mo.. 

S  hrs.,  roadman,  at  ISO  mo 

S  fare.,  chalnman,  at  140  mo. . . . . 

Total    MiKtneerinc    

G6  hra.  foreman,  at  tSG  mo 

4TG  hre.  laborer,  at  tl.2G  day. . 


G8.20 
fig.SB 


Total  labor,    SGO  tU  at   lO.lZS 

Material ; 
1,063  ft.  S.  H.  66-Ib.  rail,  19,BS7  Iba,  at  »24.!0.. 

3D  ft.  scrap  rail   (GS-lb.).  EGO  IbH.,  at  |T.3T..  i.oi 

7S  A  bare    (G6-Ib.),   I.OSl  lbs.,  at  %tM 2T.82 

12B   Iba   tr.   bolts,   at   13.19 4.1S 

TOO  tba    tr.    Hplkes,    at  SE.SB IB.OS 

1  rigid    frog    (1-B).    80-lb 11.06 

1  sw.    stand    G.48 

4  sw.  bolts  o.ao 

1  long  conn,    rod 2.33 

1  split  sw.  compl.    (SO'lb.) 33.G2 

2  ruard  rails.  10  ft,  GO-lb «.G< 

12  5.   H.   rail  traces,    S^   cts. 1.03 

1  Hw.  lock  o.sa 

1  set  sw.  ties.  3,233  ft.  B.  M.,  at  I8.G0 ZT.91 

1  sand   bumper    9.20 

Total    materials    (3S2.G9 

Orand  total   t13S.44 

It  will  be  roted  that  no  charge  for  cross  ties  <other  than  the  aet 
of  sawed  switch  ties)  Is  made.  Hence  the  cost  of  materials  la  In- 
complete. 

Example  8. — This  Is  a  crossover  trade,  49G  ft.  long. 
Engineering : 
1  day,   asst    engr. 


1.30 


Total    t  10.00 

Putting  In  sw.  ties  and  gradbiK  new  crossover 

1.6  day,  foreman,  at  175  mo t  8.76 

l.S  day.  timekeeper,  at  tGO 3.00 

l.G  day,  asst  foreman,  at  MO 3.00 

33  day.    laborers,   at    tl.TG 67.36 

Total 3  77.19 

Putting  In  crossover  track: 

I  day.    foreman,   at    ITB t  2.43 

1  day,   timekeeper,  at  (60 1-93 

I   day,  asst.  foreman,  at  IGO 1.94 

39.8  day,    laborers,    at   I1.7B S9.GG 

Total      3  76.94 


1 


Burfaclng:  croBSDver  track : 
0.4  day,  foreman,  at  fTE.... 
0.4  day,  asst.  foreman,  at  |« 
O.G  day,  timekeeper,  at  SEO.. 
It.E   day,   laborers,  at   fl.TS.. 


Materials: 
EO  ft  1 
87  ft. 


I  f2».10.t   1T.4S 


I  24-ln.   go-lb.  A  bara,   ZOO  Iba.,  fl.30... 

/  w.  joiotB,  fo.tie 

EO  S.  H.  3E-ln.  SS-lb.  A  bars.  1,200  Ibn.,  tO.98.. 

*  new   24-in.   ofr»et»,   OS   lbs..    (1.87 

1S6  new  tr.  bolts,   167  Iba.,  f2,4S 

1,3J1  new   BplkeB,    745    Iba.,    fl.gg 

■•   new  No.   9  eprg.   rail  frog:  (77H-lb.> 

new  No.  7  frog  (68-lb.) 

8.    H.    »w.    stand : 

new    sw.    »tand 

■w.    stand  bolts,    1*   lbs.,   J3.SE... 

sprB.    BWltch   comp.,    IG    pts.    (<8-lb.) 

mrft   switch   oomp.,    IE    pta.    (SS-lb.) 

a  H.  long  conn,  rod 

lard   rails  comp.  '(80-lb.i  !  "  ' '"  i ! ' ! ''" 
„   H.   S8-lb.   guard  ralla,   BSO  lbs.,    113.80.. 

■w.    locks    repd.,    $0.18 

—ts  frog  blocklnE.    tO.lfi 

8S  new  tie  plates,' 273'lbs^,' tV.li" 


22.07 
0.12 


Total   material    t48E.E< 

Qrand  total.  49e  tt,  at  tl-866 tiliAl 

Tba  hlgfa  coat  of  the  labor  Is  attributed  to  "extra  labor  e: 
In  clearlDK  and  to  considerable  Interference  by  switch  engine,  this 
-work  being  done  In  the  yards." 

Summarii. — On  short  sidetracks  or  cross-OTers  the  cost  of  putting 
tn  a  switch  constitutes  'a  much  larger  percentage  of  the  total  cost 
than  on  long  sidetracks.  Hence  the  cost  of  labor,  as  well  aa  of 
material^  Is  greater  per  lineal  foot  of  short  sidetrack  than  of  long 
Mdetrack. 

Eatlmstad  Cost  of  Orowlng  Tie  Timber.*— In  a  paper  read  befor« 
the  Engineers'  Club  of  Philadelphia.  Mr.  E.  A.  Sterling,  Forester  of 
the  Pennsylvania  Lines,  stated  that  In  their  work  on  the  Penn- 
aylvanla  Unes  east  of  Pittsburg  and  Erie,  over  Z.OOD.OOO  trees  had 
been  planted  on  lands  acquired  In  connection  with  widen- 
ing and  straightening  the  main  line,  and  In  I 

»Btiain«Ting-QotttTtUiHttg,  April  32,  19DS. 
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Crado  lines.     The  actual  coat  of  pUnt  matertaJ  ajia  plantlnK  lut 

spring'  was  |lt.Z9  per  thouaand  trees. 

Hr.  Sterling  gave  the  toUowInK  as  an  estimate  of  [he  retuma  per 
acre,  whli^h  may  be  expected  from  such  work.  If  red  oak  Is  planted 
on  land  valued  at  flD  i>er  acre,  wtth  Interest  at  4^%.  compounded 
annually,  and  the  crop  maturInK  In  10  yrs. ; 

Land  at  »I0,  at  4W%,  (or  40  yrs. t  E8.1S 

Plant   material   and  planting   110,   at  4H%    Cor 

40    yrs.     68,18 

Taies.  3  eta  per  annum,  at  («%  for  40  yra,,.        3.21 
Management    and    protection,    16    cts.,    at    4*^% 

for   40   yrs.    IS.OS 

Sawing  or  hewing  400  ties,   at  10  cts. 40.00 

Hauling   400    tiei    at    fi    cts, lO.OO 

Total,  400  ties,  at  48  eta ttSS.GS 

By  the  above  estlniate  400  ties  would  be  produced  per  acre  every 
40  yrs.  at  a  colt  of  48  cts,  each.  Including  compound  interest 
charges  at  4^%.  Hr,  Sterilng  states  that  the  estimate  of  10  yra 
will  hold  for  red  oak  and  Scotch  Bnd  red  pines :  while  chestnut 
should  niake  ties  In  30  to  35  yrs.  and  locust  In  25  to  10  yrs., 
if  not  eaten  up  by  the  borers.  The  trees  at  the  end  of  this  period 
should  average  IS  Ins,  on  the  stump.  The  tax  rate  of  8  cts.  par 
acre,  used  above.  Is  far  below  the  present  rate,  but  Is  what  would 
be  considered  a  fair  charge  In  a  European  forest 

Cost  or  Making  Hawed  Ties.— Prom  a  pine  tree  that  Is  14  Ids. 
diameter  at  the. height  of  a.  man's  shoulder,  from  3  to  S  pole  ties 
may  be  made.  The  tlea  are  hewed  8  to  Si^  ft  long,  6  Ins.  thld^ 
with  two  hewed  faces  8  Ins.  wide,  and  the  hark  on  the  sides  U 
peeled  with  a  tie  peeler.  It. La  said  that  a  skillful  man  can  cut  and 
make  40  to  60  of  these  ties  per  day,  but  it  would  not  be  safe  to 
figure  on  such  an  output.  In  the  state  of  Washington.  26  to  SS  Hr 
ties  per  man  per  day  ate  a  fair  output.  This  includes  cutting 
down  the  small  flr  trees  from  which  the  ties  are  made.  Tbe  men 
who  do  this  work  are  called  "tii  hackers." 

In  Missouri  26  white  oak  ties  per  man  per  day  are  regarded  as  • 
good  output,  the  men  receiving  10  cts.  per  tie. 

A  Cheap  Way  of  Loading  Ties — The  following  described  devlcci 
Is  simple  and  well  adapted  to  handling  other  materials  than  ties. 
It  oonslBts  of  an  overhead  trolley,  traveling  on  a  4-in.  I-beam  that 
serves  as  a  rail.  In  loading  box  cars  with  ties,  one  end  of  thia 
I-beam  Is  supported  on  a  light  wooden  A-frame.  7  ft.  high  ajMl 
standing  about  16  ft.  from  the  car  door;  the  other  end  of  the 
I-beam  enters  the  car  door,  and  Inside  the  door  It  is  fastened  to  two 
bars  ( 14  X  3  Ina)  that  branch,  forming  a.  Y  wtth  curved  biutche^ 
BO  thai  one  trolley  can  run  toward  one  end  of  the  car,  another  trol- 
ley toward  the  other  end.  The  trackway  In  the  car  Is  hung  from  the 
roof  rafters  by  clamps.  ,  From  each  of  the  trolleys  is  suspended,  by 
a  chain,  an  L-shaped  lie  stirrup  for  carrying  a  tie.  Two  men  un- 
load a  tie  from  a  truck  and  place  It  on  the  tie-stlrrup,  one  man 
(one  on  each  trolley)  runa  the  tie  Into  the  car,  the  track  having 
a  slight  down  grade,  and  one  man   (one  at  each  end  of  the  car) 
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asalBts  In  unT willing  and  plllnx.  The  man  th«n  takes  the  trolley  off 
the  track  and  carries  It  back  to  the  loader^  Thus  with  a  gang 
of  6  men  as  much  work  Is  done  as  with  10  men  unaided  by  thla 
device.  A  gang  of  6  men  loaded  3.32B  large  creosoted  hewn  ties  In 
9  bTK.,  no  effort  being  made  (p  make  a.  record.  When  limed  they 
unloaded  a  truck  of  80  ties  Into  the  car  En  2  mlna  Creosoted  ties 
weigh  200  to  2CI0  lbs.  each,  and  as  one  man  by  using  n  trolley  can 
easily  transport  them  it  [a  evident  that  much  labor  Is  eaved.  I 
would  suggest  the  use  of  a  elmllar  device  for  handling  sacks  of 
cement  (2  sacks  on  a  double  stirrup),  tor  handling  brick,  two-man 

Cost  of  Burnettlilno  Timber  and  Ties,*— The  following  data  re- 
late to  the  cost  of  treating  timber  by  the  ilnc  chloride  process, 
known  as  burnettlztng.  The  extremely  low  cost  of  preserving  tim- 
ber In  this  manner  will  doubtless  astonish  many  of  our  readers  who 
are  more  familiar  with  the  relatively  high  cost  of  creosotlng.  In 
this  article  we  shall  show  that  bumettlzlng  costs  about  tZ-60  per 
1,000  ft.  B.  M.,  or  3  cts.  per  cu.  ft;  and  in  a  subsequent  article  we 
■ball  give  similarly  detailed  Dgures'  showing  a  cost  of  fit  per  H, 
or  19  eta  per  en.  ft.   for  creosatlng. 

The  plant  has  a  capacity  of  2.B00  ties  per  day,  and  the  following 
1b  the  average  cost  of  a  year's  work: 

eta 

«.3  lb.  zinc  chloride,  at  3.8  eta 1.14 

F>iel,  at  I3.B0  per  ton 0.2B 

OH,  etc   0.0S 

Current   repairs    0.10 

Switching  engines,   etc 0.10 

Deprecldtlon.    10%    of    (75,000    plant    divided    by 

2^600,000    cu.    ft O.tO 

Labor     l.OG 

Total   per   cu.   ft 3.00 

The  ties  were  7  x  9  Ina  by  8  ft.,  containing  3.5  ou.  ft  each,  hence 
the  cost  per  tie  and  per  1,000  ft.  B.  U.  Was  as  follows: 

Cts;  Per 

per  tie.       H  ft.  B.  li. 

2lnc  chloride,  at  3.8  eta  lb t.OO  tO.»E 

Fuel     0.87  0.21 

Oil,    etc 0.21  O.OB 

Current   repairs   O.aB  O.OE 

Switching  engines,   etc 0.3B  O.08 


Total    lO.BO  12.60 

Tba  amount  at  ilno  chloride  par  cubic  foot  I*  aomewhat  less  than 
Is  commonly  used,   being  0.8  lb.  as  compared  with   0,4  to  O.t  lb. 


'Enptneerltig-Cotitractlna,    July    8,    1907. 
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during;  the  year,  these  ties  being  purchased  at  the  mills  Iti  Texas 
for  23  ctK.  each. 

Cost  of  CraototFnQ  Piles  and  Ties.* — In  our  Issue  of  July  3  we 
gave  the  itemized  coat  o(  burnettixinK  ties,  the  total  cost  being 
(2.60  per  1,000  ft.  B.  M.,  or  lOH  cts.  per  tie  of  T  z  9  laa  x  8  f L  The 
following  data  relate  to  the  cost  ot  creosoting  ties  and  pllea. 
Creosoting  la  a  much  more  expensive  process,  but  the  bumettlxtng 
treatment  is  of  no  use  where  timber  Is  coustantiy  exposed  to  the 
sctloD  of  water,  as  is  the  case  wherever  piles  are  used.  Water 
leaches  out  the  sine  chloride  in  a.  comparatively  small  time  when- 
ever the  timber  Is  constantly  aubmerged,  and,  even  where  It  Is  ex- 
posed to  frequent  rains  the  sine  chloride  Is  diMOlved  little  bj  little 
until  there  la  no  longer  enough  left  In  the  timber  to  protect  It  from 
the  fungus  ot  decay.  Couid  someone  devise  a  method  of  filling  the 
outer  pores  of  bumettlsed  wood  with  some  waterproof  compound 
It  would  be  possible  to  use  the  sine  chloride  for  preserving  the 
body  ol  timber  ttiat  Is  eitposed  to  water.  For  example.  It  might 
be  practicable  to  treat  the  surface  of  burnetcixed  timber  with  the 
Sylvoster  process  which  has  been  so  successfully  uaed  in  water- 
proofing masonry,  namely,  by  coating  with  soft  soap  and  alum  in 
•uch  a  manner  aa  to  fill  the  pores  with  a  curd  like  precipitate- 
Indeed,  it  might  be  practicable  to  treat  timber,  flrst  with  itnc 
chloride  and  subsequently  with  creosote,  so  that  the  creosote  wouM 
form  the  outer  protective  ahell. 

The  following  coBta  represent  the  average  of  a  year's  work  In  a 
plant  having  a  capacity  of  600,000  cu.  ft,  or  6,000,000  tt  B.  M. 
per  annum. 

The  cost  of  treating  the  timber  waa  as  follows,  per  ctL  ft ; 
Cts 
percu.fL 

l.OB  gals,  creoiote,  at  ll.B  eta 12.08 

Fuel  (I3.E0  per  ton)  and  other  supplies 1.8z 

L&bor     S-TB 

Depreciation,   malntanance  and  repairs l.EO 

Total     19.16 

This  Is  equivalent  to  HB  per  1,000  ft  B.  M.,  which  Is  more  than 
slic  times  as  expensive  ae  burnettlslng. 

A  7  K  »-ln,  X  8-ft.  tie  contains  3.1  cu.  ft-,  hence  the  cost  of  creo- 
aoting  each  tie  was  OT  cts..  as  compared  with  lOU  cts.  by  (he  slue 
chloride  process  (burnettliing). 

About  300,000  lln.  ft  of  piles  were  creosoted.  and  tt  woi  found 
that  the  piles  average  l.Il  cu.  ft.  of  timber  per  lln.  ft  ot  plla. 
Hence  the  cost  of  creosoting  was  11 U  eta  per  lin.  ft  of  pile. 

In  analysing  the  above  costs  per  cu.  tt.  It  will  be  noted  that  the 
Item  ot  depreciation  and  maintenance  Is  I.G  cts.  per  cu.  ft.  which  ts 
eQuivalent  to  31.80  per  M.  This  item  Is  based  on  an  allowance  of 
10%  per  annum  for  depreciation  of  a  KE.OOO  plant,  plus  nirrent 
repairs  and  Insurance. 

'BntHnamring-Contraetlni;,  Aug.   T,  ISOT. 
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Bee  the  MCtlon  on  Timber  In  Uila  book  (or  further  data  on 
creoeocinff. 

Coit  of  Treating  Tie*  With  Zlne  chloride  and  Creoiote,  Qa<ei- 
burg,  III.*— The  CbicaKO,  BurllDKton  &  Qulncy  Ry.  btu  built  a  plant 
for  tre&tlng  ties  at  QaleeburK,  111.  The  plant  la  situated  on  a  tract 
of  SO  acrea  with  a  apace  for  tracks  having  a  capacity  of  2,000,000 
ties,  although  at  present  there  are  tracks  (or  a  etoraxe  o(  only 
1,000,000.  For  Are  protection  In  the  yard,  hydrants  are  spaced 
300  (L  apart,  being  ftupplled  with  water  from  i  100,000-Kal.  storage 
tank,  fed  by  a  well  1.300  ft.  deep.  The  tracks  In  the  yard  are  laid 
With  three  rails,  as  narrow  gage  ears  are  used  to  deliver  the  ties 
to  the  retorts. 

The  plant  was  located  at  aalesburg  as  It  Is  the  connecting  point 
o(  the  Burlington  lines  with  the  south,  the  principal  source  o(  the 
supply,  and  on  this  part  of  the  system  there  are  always  available 
stock  cars  tor  the  shipment  of  the  treated  ties.  Box  cars  cannot  be 
used  (or  this  purpose  on  account  of  the  odor  which  is  retained  In 
the  cars  when  loaded  with  creosoted  timber. 

The  main  building  Is  152  x  IIG  (t.,  divided  Into  three  rooms,  one 
containing  three  retorts,  another  the  engines  and  tanks,  the  third 
being  the  boiler  room.  There  is  also  a  test  room,  fitted  up  for 
treating  (our  ties.  The  building  U  of  reinforced  concrete  through- 
out. The  window  sashes  are  of  metal,  glased  with  wire  giass,  while 
the  doors  are  all  covered  with  sheet  metsL 

The  retort  room  is  the  full  length  o(  the  building  and  SB  ft.  wide, 
the  retorts  being  132  ft.  long  and  t  tt  in  diameter,  made  of  %-ln. 
steel,  (umlsbed  by  the  Allls-Chalmers  Co.  Each  has  a  capacity  of 
(BO  tl««.  while  tho  plant  treats  t.OOO  ties  in  24  hra 

There  are  three  IGO-hp.  boilers,  one  being  for  emergencleB.  There 
la  no  cblmney,  Induced  dratt  system  being  used.  The  engine  room, 
30  X  HE  ft.,  contains  an  Ingersoll-Rand  compressor,  with  a  capacity 
of  625  eu.  ft.  of  free  air  per  mln.,  a  Knowies  Ore  pump,  three 
Knowlea  pressure  pumps,  one  Knowies  oil  pump  and  one  Battle 
t^-eek  vacutun  pump.  There  is  also  a  small  electric  light  plant  in 
this  room. 

The  tank  room,  39  x  EO  ft,  contains  a  ZS.OOO-gnL  steel  working 
tank  and  a  tO0,O00-gaL  steel  miilns  tank  tor  creosote.  On  tho 
outside,  close  to  tlie  main  building,  are  the  storage  and  measuring 
tanks,  one  B0O,00O-gaI.  steel  tank  for  creosote  storage  and  two 
B.OOO-gaL  steel  tanks  (or  measuring  creosote,  two  BO.OOO-gal.  wooden 
tanks  for  sine  chloride  and  ooe  2G.00D-gaL  iron  storage  tank  for  ilna 
chloride.  The  two  steel  outside  tanks  are  arranged  for  heating 
with  steam  coila. 

The  plant  Is  arranged  with  its  pipe  connections  between  pumps, 
tanks  and  retorts,  so  that  the  straight  sine  chloride  process.  o(  the 
two,  known  as  the  Card  process,  may  bo  used  on  one  retort  or  on  all 
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three.  In  the  Card  procera;  which  la  a  mixltQcatloa  of  the  Rutser. 
the  xlQc  chloride  and  creosote  sre  contlnuouBly  agitated  under  pree- 
•ure  by  centrlfuEal  pumps,  and  ordinary  coal  tar  creoaate  can  be 
u«ed.  Kach  retort  In  connected  with-  aa  electrically  driven 
centrKugal  pump,  which  (orces  the  liquid  In  at  the  Inttom  and  ex- 
hausts it  from  the  top  of  the  retort.  The  vacuum  In  retortn  la 
obtained  by  a  Baracwauth  tuiroinetrlc  condenaer.  with  an  auxlllair 
air  pump  C^xlSxlZ  las.  havlns  a  connection  with  the  air 
chamber  of  the  condenaer.  The  condenalns  pipes  are  placed  on  the 
root  of  the  engine  room. 

The  Butger  process  has  been  used  In  Germany,  but  it  requires  a 
creosote  havlnx  special  qualities  and  la  expensive.  !□  the  AUar- 
dyce  pr«cea8  the  tine  chloride  la  put  In  first  and  then  the  creosote, 
while  the  RupInK  process  alms  to  reduce  the  expense  for  creosote 
by  llrst  Alllns  the  wood  cells  with  compreaaed  air  and  then  coatlnx 

Eteasoned  ties  are  treated  directly,  but  if  green  they  are  flnt 
steamed  under  pressure  of  E  to  SO  Iba  from  1  to  S  hrs.  The  sap 
Is  blown  oft  every  15  to  SO  mlna  With  the  Card  process  a  vacnuni 
Dl  ZT  to  28  Ina  Ih  held  on  the  r«torl  for  an  hour,  and,  with  the 
vacuum  still  on,  the  mixture  of  ilnc  chloride  and  creoaote  Is  run 
Id  by  gmvlty,  entirely  lIlllnK  the  retort,  ahd  requires  about  18.0O> 
gala  The  liquid  Is  heated  to  180°  F.,  and  at  this  temperature  the 
two  InKTedlenta  do  not  separate  as  rapidly  as  In  a  cold  solution. 
The  centrifugal  pumpa  are  then  started  and  the  liquid  Is  circulated 
at  the  rate  of  2. BOO  gals,  per  mln.  and  the  whole  charge  Is  cbaoged 
every  T  or  8  m!na  At  the  aame  time  the  pressure  pumps  are 
started  and  prensure  gradually  Increased  to  ISO  lbs.  and  held  at 
that  for  i  to  4  hra,  or  until  a  autllclent  amount  of  the  liquid  la  ab- 
sorbed by  the  timber. 

The  preesure  pumps  are  connected  to  the  E,DDI}-gaL  meaaurtng 
tanks  which  have  gauges  Operated  by  floats,  and  In  this  way  the 
volume  of  liquid  forced  Into  the  timber  Is  known.  When  the 
gauges  show  a  aufllclent  amount  the  pressure  Is  released  and  the 
remaining  liquid  Is  forced  back  Into  the  mixing  tank.  Then  a 
vacuum  of  24  to  28  Ins.  Is  created  and  held  for  an  hour,  taking  oat 
all  surplus  liquid  Into  the  underground  tanks,  where  It  la  allowed 
to  settle  and  then  returned  to  the  mixing  tank.  This  last  treatment 
Is  for  the  purpose  o(  removing  the  surplus  creosote  remaining  on  the 
surface  of  the  tle&  so  they  can  be  handled  comfortably,  and  E0« 
gals,  saved  from  each  retort. 

The  retort  door  la  then  opened  and  the  cars  withdrawn  by  wire 
cable  operated  by  electric  motor  and  switched  to  the  plattorm, 
where  Ihey  are  loaded  directly  for  Bhlpment,  Each  tie  la  mariwd 
wllh  a  short  thick  nail  having  the  year  of  treatment  on  Ita  head. 
The  ties  are  loaded  by  the  Aniler  loader  at  a  cost  of  SS  cts.  pet 


An  approximate  cost  at  the  new  plant  is  as  follow! : 

Lana    t  28,000 

TrackB    60,000 

Sewers     5,000 

Well     8.060 

Platfoim    3,000 

Bulldlns    30,000 

Three    retorts    10,000 

Tanks  of  all  kinds 10.000 

Pll>es  anci  valves  and  labor 20.000 

Pumps     0,000 

Boiler   and    settliiKS S.OOO 

Electric    Hght    plant 3,000 

Mundy   bolBta    2.S00 

tl9B,&00 
Thirty  men  are  employed  In  the  offices  and  plant,  Ihere  being  a 
chief  engineer  and  chemlit.  2  engineers  and  2  assistant  engineer* 
for    day   and    nigtat,    3    sub-foremen    and    1    motormeD.    besides   the 
laborers. 

The  liquid  used  la. a  mixture  of  17%  creosote  and  83%  line  chloride 
•Olutlon.  the  latter  containing  3%  chloride  and  the  rest  water.  The 
creosote  has  a  spetmc  gravity  of  1.01G  and  contains  about  35% 
naphthaline  and  5%  tar  acid.     The  coat  of  creosote  la  t\  to  T  cts. 

The  cost  of  treating  a  pine  tie  Is  estimated  as  follows: 

Per  Per  lie  . 

eu.  ft.  (3cu.  ft.) 

O.B  lb.  flry  sine  chloride,  at  lets. *0.020  (0.060 

0.8  lb.  creoMte,  at  3  eta 0.024  0.0T2 

I>bor,  fuel,   supplies  and  supt 0.013  0.040 

Interest    and    depreciation 0.005  O.IE 

Total     J0.062  10.187 

This  flgure  Is  the  cost  during  (he  winter  montha.  The  cost  Is 
leaa  In  warm  weather — probably  as  low  as  IS  cts.  About  40%  of 
the  ties  treated  at  this  plant  are  red  oaks,  and  35%  yellow  pine,  the 
rest  being  gum,  elm^  beecb.  birch,  etc. 

The  plant  was  designed  under  the  supervision  of  T.  B.  Calvert, 
cblel  engineer,  and  F.  J.  Crelger,  who  now  has  charge  oC  the  plant. 

It  will  be  noted  that  at  8.2  cts.  per  cu.  fL,  the  cost  of  treatment 
la  equivalent  to  «6.1T  per  1,000  ft.  B.  M. 

Coat  of  Traatino  Ties  and  Their  Life.— In  1885  the  A..  T.  A  8.  F. 
Ry.  began  treating  ties  by  the  linc-tannln.  or  Wetlhouse.  process- 
Up  to  1901,  Its  cost  of  treating  some  4,000,000  ties  Is  said  to  have 
be«n  It  to  IH  cts.  per  tie. 

New  Mexico  mountain  pine  ties  having  a  lite  of  4  yrs.  when  un- 
treated have  a  life  of  of  10^  to  II  yrs.  when  treated. 

In  1888  the  Chicago,  Rock  Island  A  Padflc  Ry.  contracted  to 
have  ties  treated  tor  18  cts.  per  tie. 

Some  4,750,000  hemlock  and  tamarack  ties  had  been  treated  up 
to  1901.  and  the  average  life  ot  thCM  ties  has  been  1014  to  mi 
ynL,  depending  on  location. 
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In  1887  the  Soutbem  P»cUlc  By.  began  bumBtUzinf  Uea  (itnc 
chloride  procera)  without  mbaequent  treatment.  Up  to  IBOl  It  bad 
treated  2,500,000  pine  ties,  which  Ual  4  yrs.  when  untreated.  The 
life  of  the  treated  ties  waa  7  jt*.  where  the  rainfall  waa  hea*]' 
<OI]dden  Division)  ta  more  than  9  yrs.  where  the  rabiffiU  was  lUttt 
(Del  Rio  Dtvlrion).    The  averose  of  all  was  8)4  yro.  life. 

Not  tncludlnK  Interest  or  deprecIaUon  of  plant,  the  cost  of  treat- 
ment was  only  8,44  cts.  per  tie,  In  189S. 

About  0.14  lb.  dry  ilnc  chloride  was  tised  per  co.  ft.  of  Umber, 
or  half  the  standard  uaed  In  Buope. 

Life  of  Treated  TIei.— The  records  of  treated  phie  tlea  tak«n  ont 
of  the  A.,  T.  ft  8t  F.,  itiowed  the  foliowJnc  averocea: 

Ure,yn. 


1902 10.T0 

These  ties  were  treated  with  the  two-tnjectlon  W^hause  procciK 
These  figures  relate  only  to  the  ties  removed  on  account  of  rot. 

Life  of  Ties. — For  the  fiscal  year  ending  June  30.  IBOl,  seven 
railways  reported  that  untreated  oak  ties  (white.  poM,  burr,  etc) 
were  In  use  on  the  toUowlnK  mlleaffe: 

Miles  of  MUeaor 

main  line.  all  tracK. 

Chicago  and   Northwestern   (Hadtson  Dlv.>..        814  784 

Illinois  Central   (Eighth  DIv.) 286  HI 

Illinois  Central   (Sprlngfleld  Dlv.) 4G4  BEt 

Nashville,  Chattanoosa  A  St.  Louis I.ISE  1,414 

Penn.   Lines    (Ptttsburc  Dlv.) 448  S»4 

Southern  Ry.    (Kastem  Dlst) I.ZOO  8.T49 

Southern  Pacific    (Atlantic  System) 2.107  2,StT 

Total    8.218  10,011 

There  were  17,471,118  oaK  ties  In  these  tracks;  and  (.147.684,  or 
It.8%  more  renewed  during  the  year,  which  Is  equivalent  to  a  Ills 


Railway. 
ClilcsKo  and  Qreat  Western, 
Cblcaco  and  Northwestern., 

nilnoK    Central    

Na*}..  Chatta,  ft  St.  L. 


Norfolk  ft  Western White  Oak 

PItU   ft  Lake  Erie 

Boston   A   Maine Chestnut 

Illinois   Central    (Louisiana)...    Cypress 
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The  PreDch  State  naJlwaj  gave  the  followlnc  as  the  lite  of  creCK 
■oted  ties: 

Life  Years  on 

Main  line.       Sldini.         Total. 

CreoBoted  pine   IE  6  20 

CreoBOted   oak    IS  T  26 

Craorated  beech 20  10  tO 

EBtlmated  Life  of  Tie*  In  1S>4.— Bulletin  No.  S  (1834)  of  the  For- 
ettD'  Dlrtrion,  U.  B.  DepL  of  Agriculture,  etatea  that  when  there 
were  HE, 000  mllei  of  track  (all  main,  branch  and  side  tracka)  In 
their.  8.,  71,000,000  ties  were  annually  required' lor  renewala.  Thla 
Is  equivalent  to  124  ties  renewed  per  mile  of  all  tracks.  If  there 
were  i.goo  tiee  per  mile,  the  life  was  S.T  yrs.  The  estimate  of  Tfl,- 
OOO.OOO  ties  tor  renewals  may  be  accurate,  since  the  reports  of 
the  railways  to  the  Interstate  Commerce  Comm  lesion  give  the 
number  of  ties  used  each  year  for  renewals. 

rtue  to  the  use  of  heavier  rails  than  were  common  In  1894  (IG  yra. 
ago),  the  lite  of  ties  Is  greater  now  than  then. 

Life  of  Ties  as  Affected  by  Weight  of  Rail — Mr.  F.  H.  Dudley 
states  tha.1  on  the  New  York  Central  Ry.,  when  SS-llk  rails  were 
used,  the  life  of  a  yellow  pine  tie  was  S  or  3  yra  Since  the  Intro- 
duction of  lOO-Ib.  rails,  the  life  has  increaeed  to  II  ^  yrs.  The  ties 
are  no  longer  cut  by  the  rails  nor  Injured  by  the  frequent  tamping 
requlrwl  with  lighter  ralla  He  states  (In  1901)  that  not  B%  at 
the  ties  are  now  removed  for  other  causes  than  decay,  whereas  40% 
of  the  ties  under  S5-Ib.  rails  were  taken  out  tMcause  of  cutting 
under  the  rail  and  other  injury.  Eighteen  tlee  used  per  30-ft.  rail 
length,  or  3.1ES  per  mile.  The  average  tie  renewals  from  1890  to 
1900,  was  291  ties  per  mile,  or  9!4%.  for  untreated  ties  of  all  kinds. 
Spacing  ot  Ties  on  Different  Rellweys.— In  1901  the  toliowing  was 
the  spacing  of  ties  on  dlflerent  railways; 

Ties  per  mile. 

Main  track.     Bide  track. 

Baltimore  A   Ohio 2,SG0  Z,fiBO 

Chicago    ft   Or«at   Western 3,000  3.S00 

(Chicago  A  Northwestern 2,990  2,100 

C.  IT  ft  SL   P. 3.000  1,840 

C,  C.  *  at.  U 3,000  2,890 

Illinois   Central    3,1(8  2,140 

Louisville    ft    Nashville 2,810  2,112 

Michigan    Central    3,108  :,tTE 

Nashville.  Chatta.  A  St.  L. 2,900  t,(40 

New   York  Central 3,000  2,100 

Norfolk  ft  Western 2.811  2,000 

Penn.    Lines    (Pittsburg  Div.) 2,818  3,288 

Pittsburg  A   I^ke   EHe 2.840  2,040 

Southern  Pacific  (Atlantic  Byst.)...      2,810  2,004 

Southern  Ry.    (Oastem  Diet.) 2,310  2,040 

Wabash    (Detroit  DIv.) 2,990  2,800 

Union  Pacific  (2,816  on  branches)..      2.9S2  2,(40 

It  Is  probably  very  close  to  an  average  to  say  that  there  ore 
S.OOO  ties  per  mile  ot  main  line  and  branches,  and  2.(40  per  mils 
of  sidetrack  and  yards,  In  the  railways  of  the  United  Statea  Since 
diere  are  0.4  mile  ot  sldetracke  and  yards  per  mile   4  main  track 
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and  brancbea  the  average  o(  all  tracki  would  then  t>e  2,820  tlea  per 
mile  of  track. 

Labor  Coat  of  Henewlna  Ties.— The  cost  ol  dlBtrlbutlng  Dew  tle^ 
takinx  out  old  ties  and  layiUK  new  onea,  and  dLspoBtiiK  of  the  old 
ties  by  bumlnB,  Bvecaged  as  follows  lor  the  years  1904  and  19K 
on  one  of  the  dlvlaloiis  of  the  Northern  Pacific  By.  In  Watblngton  i 

Per  new  tie. 

DiBtrlbutlQS    ID-OtS 

LaylnE    6A10 

DlRMMlnK  ot  old    tie O.ODl 

Total     lO-HT 

Wa«e»  averaged  t1-*i  per  day  for  sectEon  men  and  t!-00  per  day 
Cor  section  foremen.     The  ties  were  laid  on  a  gravel  ballast 

Price*  of  Tie*  and  Labor  Cost  of  Renewals — In  ISOI  the  follow- 
ing: was  the  cost  of  ties  and  of  placing  them  In  track  on  several 
typical  railways; 

;    i\  Si  a  |:  i;    ii 


Is  Ii 


So.  Pacific    Redwood  38  1  1  U  lOH  GIH 

Ulch.  Cent Oak  iS  lU  *%  t  10  CD 

Wabash   Oak  40  1«  6  1  10  Gt 

N.    r.   Cent Y.  Pine  89  Itt  4  1  10  7J}4 

Louisville  *  N Y.  Pine  45  lU  IE  llt( 

Denver  ft  R.  I Red  Spruce  33  1          %  I          IH  >' 

Ho.  Paclflc  Oak  IZ  IH  E  %       t%  4*Ji 

Lake  Shore  ft  H.  S. Oak  58  lU  IS  74% 

Union  Paclflc Oak  SE  ...  1%  lij  10  llfi 

Union  Pacific   Wyo.  Pine  40  ...  i^  2  11  GIM 

Average  Price  o(  Tie*  In  America The  annual  reports  made  by 

the  different  railways  of  America  to  the  Interstate  Commerce  Com- 
mission contain  statements  of  the  number  of  ties  used  In  renewals 
and  of  the  average  price  paid  for  ties  at  the  point  of  dlatrlbutlcai. 
Unfortunately  the  reports  made  by  the  Interatale  Commerce  Com- 
mlBSlon  contain  none  of  these  data.  However,  the  reports  give  the 
total  cost  of  tie  renewals  each  year,  which  i*  approximately  IlID 
per  mile  of  all  track.  If  there  are  2,800  ties  per  mile,  and  if  10% 
are  renewed  annually,  then  the  avecags  cost  of  ties  Is  4E.4  eta  This 
does  not  Include  the  cost  of  distributing  and  laying  the  tlea  If  11% 
ot  the  ties  are  renewed  annually,  the  average  cost  of  ties  is  1Z.I  cti. 
per  tie.  It  la  reasonably  certain  that,  including  side  tracks  sad 
yard  tracks,  tie  renewals  (untreated  ties)  average  10  to  11*  per 
year  for  American  railways,  variations  from  this  average  depend- 
ing an  kind  of  wood,  climate,  weight  of  rail,  etc. 

Cost  of  Qravel  Ballast.— A  common  amount  of  gravel  ballast  b 
1,800  cu.  yda  per  mile  of  track,  and  rarely  need  the  cost  exceed  it 
eta  per  cu.  yd..  Including  the  labor  o(  putting  the  ballast  under  tb* 
ties  and  surfacing  the  track.    A  not  unusual  contract  price  Is  IT  eu 
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p«r  cu.  yi.  tar  loadlDg  ballast  on  Hat  can  with  Bteam  sliovela, 
unloading  with  ballast  plows,  and  putting  under  the  ties,  and  sur- 
faclnK  of  track.  In  addition  to  this  the  railway  company  must 
pay  the  cost  ot  hauling  the  ballast— worit  train  service — which 
Should  not  exceed  17  cts.  per  eu.  yd.  even  for  a  haul  of  100  miles. 

The  followlnK  Is  a.  topical  gang  lor  loading,  hauling  and  unloading 
ballast: 

Bteam  Ahovel.  Per  day. 

1  foreman,    tlED  per  mo t     t  00 

1  englneman.   1126  per  mo. 4.80 

1  cranesman,   190  per  mo j.60 

1  llremani  160  per  mO 2  30 

1  watchman,    tsD   per  mo 2.38 

1  timekeeper.  {GO  per  mo 1  30 

e  pit  laborers,  at  lE.OO 12  00 

«  laborers  "throwing"  pit  tracks  and  repairing    12.00 

Total    t  iS.tO 

Bepalra  to  steani  shovel 8.00 

Total  steam  shovel  loading ^  G3.10 

HauHno  Baliatt. 

1  conductor    t     S.60 

2  brakemen.   at   f  2.G0 G.OO 

Engine  service  on  work  train. 

1  englneman   |  i.sa 

1  fireman    2,B0 

Coal  and  oil 8.50 

Engine  rental  andrspalra: : : is, 00 

27.60 

Engine  service  "apottlng"  cars;  .■ ; ; ; 27.50 

Rental  and  repairs,  40  flat  cars,  at  tO.EO 20.00 

Total  hauling  ballast t  SS.GO 

Vntoading  and  DittrtbuUng  BalUut. 

1  operator  of  unloading  plow t  S-00 

10  laborers,   at  12,00... 20.00 

Coal  and  oil  for  unloader 4.00 

Rental  and  repairs  of  unloader 1.00 

Total  unloading  ballast - t  31.00 

Grand   total '. $107.70 

When  this  crew  Is  handling  800  cu.  yds.  of  gravel  per  day  the 

Cts. 

Loading     fl.7 

Hauling 10.4 

Unloading    3.9 

21.0 
In  addition  to  fils.  the  labor  cost  of  tamping  ba11a«t  undor  ties 
Hud  track  surtaclng  >s  about  12  cts.  per  cu.  yd. 

It  often  happens  that  gravel  pits  must  be  stripped  of  overlying 
earth,  that  considerable  grading  Is  necessary  tor  tracks  Into  the 
pit  that  the  gravel  Is  cemented  and  requires  some  blasting,  and 
that  "pit  rent"  must  be  paid  tor  the  gravel.  All  these  items,  how- 
ever,  will  rarely  amount  to   7   cts.   per  cu.   yd.,  »  that  the  totaJ 
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coat  of  Um  sravel  In  Uie  track  should  rarelr  exceed  io  ct«.  per 
cu.  yi. 

Where  trafSc  on  a.  roed  ta  ao  congeated  that  a  ballaat  train  cannot 
averaKe  more  than  100  milea  traveled  per  day,  and  where  the  load 
bauled  la  only  ISO  cu.  yda.  per  train.  It  la  evident  that  6  tripe  of 
10  mile*  and  return  will  be  required  to  haul  SOO  cu.  yda.,  and  to  the 
OKure*  above  siven  muat  be  added  another  train  for  each  additional 
10  tallea  of  dUtance  from  the  gravel  pit  to  the  dump.  However, 
on  long  haula  it  1«  obvious  that  much  heavier  train  loada  will  ordi- 
narily be  uaed,  thu>  keeping  the  coat  down. 

Ceat'Of  Oreval  and  Rock  Ballaatlna  Old  Track.* — The  fallowing 
matter  baa  been  taken  from  the  report  of  a  committee  read  before 
the  1907  convention  Of  the  Roadmaatsre  and  Maintenance  of  Way 
Aaaoclatlou :  On  a  northern  dlvlalon  of  the  Chicago  A  Northweatem 
Ky,  the  coat  of  ballasting  one  mile  of  tiack  with  gravel  waa  tl.OSO, 
figured  on  the  baala  that  3,400  cu.  rda  o(  material  would  be  need 
per  mile.  The  gravel  waa  unscreened  and  unwashed  end  was  weed 
Juet  aa  It  came  from  the  pit  The  gravel  was  placed  for  a  12-In. 
raise  with  standard  gravel  roadbed  on  the  top  of  11%-ft.,  tiope 
\y,  to  1,  and  10  ft.  wide  from  bottom  ballast  line  to  bollaat  line. 
The  Itemixed  cost  per  cubic  yard  was  .as  follows : 

Percu.  yd. 

Cost  of  gravel  loaded  on  cara  at  pit $0,070 

Hauling  and  unlMtdlng,  GO-mlle  haul 0.107 

BallaatTng    0.123 

Total    fC.SOO 

On  a  dlvlsloD  of  the  Lake  Shore  ft  Michigan  Bouthem  Ry.  for  tb» 
year  ISOe  the  cost  of  t>allaBtlng  with  gravel  was  as  followa: 

Percu-ydL 

Gravel,  washing  and  loading fO.lS 

Hauling   O.OT 

Dlgglna  out  old  ballast O.IE 

Unloading  and  placing  in  track O.IE 

Total    tO.GB 

For  crushing  limestone   %   to  tH   InK  In  alie  Ibe  cost  waa  Ml 

Percu.  yd. 

Cost  of  stone tO-G36 

Digging  out  old  ballast O.ISO 

Hauling,  unloading  and  placing  In  track 0.100 

Total (1-086 

For  ballasting  with  crushed  stone  on  a  division  of  the  Atchlacn^ 
Topeka  A  Santa  Fe  Ry.  the  cost  waa  aa  followa: 

Percu.  yd. 

Crushed  stone  at  crusher,  loaded  on  cars tO.615 

Haul,  EO  miles O.OGS 

lAbor   (Mexican)   Inserting O.IIO 

Total    ii.oo' 

'Engitieerino-CimtTaetlng,  Dec.  ZG,   1907, 


For  a  li-ln.  r&lM  t.iOD  cu.  rda.  ot  ballast  are  uwd  per  mile, 
nwkloe  th«  ewt  tS.IOO.  The  preaent  sUndaril  on  thia  rood  requires 
the  ballut  to  be  dr«ued  level  vltb  the  top  ol  the  ties  for  the  full 
Istiph  of  the  tie  and  9  Ina.  beyond  the  ends  of  tlea.  makliiK  the  top 
widths  of  the  balUM  *  ft  ftad  elvtng  a  slope  of  1 K  to  1 ;  this  gives 
a,  roadbed  11  ft  wide  from  ballast  line  on  one  side  to  ballast  line  on 
tbe  other  Ude,  with  a  11-tn.  ralae. 

Cost  of  Oravel  Ballastlnfl.— Atmut  SO  miles  of  slDgle  (rack  rail- 
road were  ballasted  with  gravel  sulDclent  to  talse  the  tlea  H  Ins. 
Ties  had  lO-ln.  face,  were  i'^  tt  long,  and  there  were  II  ties  to  a 
SO-ft.  rail.  A  tVi-yA.  steam  ihovel  was  used  to  load  flat  cars. 
About  4  ft  ol  earth  had  to  be  stripped  off  the  gravel  pit  The 
rravel  was  hauled  by  two  train!  of  3E  apron  flat  cars  each,  each 
car  halding  6  to  T  cu.  yda  Two  locomotlvea  were  used  to  haul  these 
trains  and  one  locomotive  In  the  pit  to  spot  cars.  The  cars  were 
unloaded  with  a  plow,  and  It  will  be  noticed  that  the  damage  to 
the  cara  caused  by  the  plow  was  very  hlsh.  The  cost  to  the  rail- 
Way  company  per  cubic  yard  ot  ballast  In  place  was  as  follows : 

Cts.  per  en.  yd. 

Pit  rent   1J4 

Loading,  hauling  and  dumping IS^ 

Repairs  to  cara 6 

Bhoveling  and  tamping  ballast  Id  track B 

Total  per  cu.  yd. 30 

Common  laborers  were  paid  $1.ZE  per  10  hra 

Cost  sf  Cemented  Oravel  Baliait.*— There  are  two  crlnclpal  point! 
In  tbe  teirltory  eaat  ot  Memphis  where  cementing  gravel  Ib  worked 
for  the  purpose  of  supplying  ballast  to  railroads;  one  at  luka,  MIul, 
on  the  Southern  Ry.,  known  aa  the  Tishomingo  Gravel  Pit  owned 
and  operated  by  the  Tishomingo  Oravel  Co.,  ot  Memphis.  Tenn., 
and  ona  at  Perryvllle,  Tenn..  on  the  Uempbia  ft  Faducah  DJvlalon 
of  the  Nashville,  Chattanooga  A  St  Ixmla  Ry..  owned  and  operated 
by  the  Perryvllle  Oravel  A  Ballast  Co..  of  Hemphia,  Tenn. 

Aa  the  character  of  the  gravel  and  the  manner  of  working  the 
two  pita  are  somewhat  dllterent  they  will  be  handled  separately. 

Ttahomitigo  Oravel. — Thli  Is  a  water-nom  gravel  lying  In  a 
compact  maas  requiring  blasting  before  It  can  be  handled  with  a 
steam  ehoveL  It  Is  composed  of  20%  clay,  5%  sand,  and 
76%  gravel.  This  gravel  as  a  rule  la  small  and  none  of 
It  large  enough  to  require  crushing  to  make  It  suitable 
for  ballasting  purpoaea  In  order  to  get  It  In  shape  to 
load  with  steam  shovel.  It  ta  loosened  up  by  blasting.  This  Is  ac- 
complished by  digging  a  tunnel  about  SOxSS  Ins.  In  croBS-aectlon 
Into  tbe  material  a  distance  of  about  26  ft,  (hen  turning  at  right 
anglea  for  a  distance  of  10  ft  (see  Fig.  S).  This  digging  is  done 
by  a  man  lying  down  using  a  pick  with  a  very  abort  handle.  The 
cost  of  digging  the!e  tunnela  la  50  eta  per  ft 

*giigHuerinB-0«ntraclina,  April  14,  1900. 
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Tho  charEB  la  placed  In  the  extreme  end  or  the  tunnel  and  > 
portion  of  It  refilled  aa  ahown  on  sketch.  Froai  TE  to  100  carioadB 
of  material  Is  lootened  up  at  each  blaat  TlUs  material  !■  then 
loaded  br  ateam  above)  onto  cara     The  coat  of  thia  material  la  aa 

Percu-rd. 

Loading  t0.09 

HauIlQK   O.IO 

UnloadlnB  and  dlatrlbutlnx 0.07 

Putting  under  tlea  and  aurfadnK 0.11 

Total    tOAl 

Tbe  advantages  of  ita  u«e  are:  Small  cost,  quick  cenenUm:  auall- 
tlea,  holda  track  In  line  and  surface  well  under  fairly  heavy  trafflc, 
does  not  churn,  very  little  dust  and  has  gr«at  ralstooca  to  eroslOB 


i 


Fig.    S.— Chamber   Blast. 

by  water.  Considered  an  excellent  baltastlng  material.  Baa  the 
dIsadvBjitaKe  of  growing  Drollflc  crops  of  weeda  and  iraa^  maklnK 
It  costly   to   keep   clean. 

PetTiivlUe  Gravel. — Thle  Is  an  angular  gravel  lying  In  compact 
maaa  requiring  blasting  before  it  can  be  liandled. 

Idrge  pockets  of  clay  are  encountered,  making  it  preferable  to 
load  by  hand  In  order  lo  get  the  best  material.  It  Is  composed  of 
10%  clay  and  90%  gravel,  with  chemical  nnalysls  of  37%  dllca, 
2.5%  alumina  and  O.E%  iron.  There  Is  found  in  thia  pit  considerable 
large  stone,  which  has  to  be  crushed  before  It  is  suitable  for  uoa. 
The  cost  of  this  gravel  per  yard  la  as  follows: 

Per  cu.  yd, 

F.  0.  b.  oars  at  pit lO.iTJi 

Hauling.  lOO-mile  train  service 0.20 

UnloadUig    and    distributing 0.04 

Stripping,  putting  under  and  Surfacing '. .    0.20 

Total     10.71  U 
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Co«t  of  Wathino  Qravel.— A  large  grrkvel  washing  plant  w*b  built 
Id  190S  bs  the  Lake  Shore  ft  HlchlKon  Southern  Ry..  at  Pleasant 
LAke  on  tbe  Ft  Wayne  branch  of  the  IJake  Share.  The  plant 
handles  S,000  cu.  yds.  of  raw  gravel  dally.  A  TE-ton  steam  Bhovel 
with  a.  SU-yd.  buclcet  load*  dump  cars,  which  are  dumped  Into 
two  hoppers  that  discharge  upon  two  Inclined  conveyors  (mad«  by 
the  Unk-Belt  Ca),  having  a  capacity  of  4,000  cu.  yds.  per  10-hr. 
day.  The  conveyors  discharge  upon  a  short  Hume  (8  ft.  long)  where 
the  gravel  encomitera  the  water.  Thence  the  material  posses  over 
several  fixed  screens,  all  material  larger  than  2-ln.  being  shunted 
to  a  gyratory  rock  crusher. 

The  washed  gravel  for  ballast  collects  In  hoppers  whence  It  Is 
drawn  oft  Into  cars,  and  the  sand  (all  material  larger  than  H-ti-) 
collects  In  other  hoppers,  whence  It  Is  drawn  off  Into  cars. 

The  output  for  a  typical  day  Is  as  follona: 

Raw  gravel    3,270 

Washed  gravel   1.33S 

Washed  sand  1,BE0 

The  following  Is  the  crew  required  to  operate  the  plant: 
1  foreman. 
1  clerk. 


1  carpenter. 

E  men  on  two  sand  settlerj. 
t  men  dumping  gravel  cars. 
i  men  keeping  track  clean  at  washer. 
10  men  repairing  cars  and  calking  ballast  cars  with  hay. 
S  locomotive  crews  delivering  graveL 
S  locomotive  crews  removing  washed  gravel. 
1  steam  shovel  crew. 
30  men  in  section  gang 
The  washing  plant  Is  driven  by  a  ZOO-hp.  Brie  steam  engine,  but 
the  driving  load  on  the  engine  Is  only  132  hp.,  of  which  lOE   hp.  Is 
re>iulred  to  operate  the  pump  supplying  the  wash  water.      A   10-ln. 
■fngle-etage   centrifugal    turbine    pump    (Worthlngton),    having    a 
2,400-gaI.  rating  under  a.  90-tt.  head,  Is  used;   but  the  pump  Is  not 
called  upon  to  deliver  more  thsn  l,eso  gala 

The  cost  of  the  plant  and  land  was  as  follows; 

Flant  for  washing t2E,0Oe 

land    IK.OOO 

Grading 10,000 

Bridge  work   i.600 

Miscellaneous 6.000 

Track    38,000 

Total    i»!,(00 
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AaaumlQK  that  the  ktkvsI  pit  will  be  exhauoted  In  E  jt»n,  wt 
have  Che  following  annual  and  daily  coat  (200  days  par  year)  ; 
Per  year.  Per  day. 

Plant.  1G%  Qf  fiE.ODO f   S.TSO  tlS.TG 

Track.  10%  ol  fSS.OOO 3,600  18.00 

QnidlnK.  20%  of  f  10,000 S.OOO  10.00 

BrldKlDK,   10%   of  ti.GOO £00  1.50 

MlaeellaoeauK,  S0%  of  16,000 1,000  E.OO 

lAnd,  10%    of  tlE,000 S,0OO  lE.OO 

Total    tlS,8Ga  (■>.» 

AsauminK  that  1,000  cu.  ydi,  of  Mnd  and  gt«vel  are  produced 
dallr,  hair  of  vhlch  la  nod,  for  whlcb  there  la  no  market,  we  haT« 
the  following  cost : 

Percu-yd. 
Per  day.        of  graveL 

<^rattnc   expenae    $1CO.OO  lO.lGT 

inant  and   land  depreciation 03.15  O.OK 

Plant  interest  (at  B%  of  tSS.GOO)..     13.35  0.015 

Total      tlEl.tO  30.118 

Thla  doea  not  Include  the  coat  ot  strljvInK  the  gravel  which  waa 
about  6'A  eta  per  cu.  yd.,  maklnK  the  total  coat  of  this  wadied 
gravel  nearly  30  eta  f.  o.  b,  cars. 

For  description  and  drawings  of  thia  Pleasant  Ldhe  wadiing 
plant,  and  for  hints  on  ballastlBK,  see  Btiglneeriiiii-CantraeHnff, 
April  14,   1009. 

Cost  Of  Ballasting,  Using  Dump  Cars,— The  Goodwin  steel  car  la 
largely  used  by  contractors,  and  railway  companies^  for  ballsBtlng 
and  for  dumping  earth  and  rock  on  standard  gage  tnuJia  Its 
dimensions  are  3S  fL  long,  9  ft.  >4  in.  height  alMive  rails,  and  It 
weighs  1T,E0e  lbs.  Ita  capacity  Is  10  cu.  yds.,  or  80,000  lbs.  A 
train  of  cars  can  be  dumped  at  one  time  all  together,  or  one  at  a 
time,  by  one  man  operating  a  compressed  air  valve,  or  they  can  be 
dumped  by  hand.  The  car  Is  so  designed  tliat  Its  load  may  be 
placed  between  the  rails;  on  ^ther  side  of  the  track,  or  on  both 
Hides,  or  In  any  combination  of  ways  desired.  In  grading  and  bal' 
lasting  11  miles  of  track  with  30,000  cu.  yds.  of  gravel,  during  the 
winter  ot  1904-5,  an  average  train  of  i  40-cu.  yd.  Ooodwln  cars  was 
used,  the  average  haul  being  14^  miles.  The  gravel  came  from 
the  pit  quite  wet,  but  required  little  or  no  spreading  as  plows  and 
scrapers  are  not  needed  when  these  cars  are  used. 

Mr.  W.  B.  Stimson.  Superintendent  Grand  Rapids  A  Tndlaoa  Ry., 
gives  the  following  data  on  the  loading  and  hauling  of  gravel  for 
ballast: 
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Rodser  ballaft  ear*  were  ueed,  workloE  two  trains  of  25  cars  per 
train.  Sixteen  roUea  of  track  were  balUited  with  1,0E9  carloads,  or 
ZO.80O  cu.  yds.  of  gravel,  or  1,300  cu.  yds.  per  mile,  the  averave 
haul  beliuc  T  mile*.    The  cost  was  aa  follows  for  the  IS  rollea: 

Total.  Per  day. 

Two  train  crewst  12  days  each (  ITE.OO  II4.ES 

Locomotives,  enstnemen  and  watchmen.  199. 2E  10.40 

Fuel  for  locomottves SG4.10  21.17 

Telegraph   operator    15.50  l.iS 

Pit  foreman  28.84  S.40 

Pitmen    10D.3G  B.t« 

Bteam  shovel.  Including  rent  at  Aovel, 

fuel  and  wages S2S.ES  24.96 

Total,  at  B.3  cts.  per  cu.  yd. |1,09S.B8  891.JB 

Id  addition  to  this  It  cost  S.T  cts.  per  cu.  yd.  to  spread  and  tamp 
the  gravel  la  the  track,  each  laborer  averaging  TE  ft.  of  track  per 
day.  Including  In  the  expanse  of  G.S  eta  per  cu.  yd..  Is  the  coet 
of  moving  the  two  trains  and  the  steam  nhovel  184  miles  to  the 
pit.  and  half  a  day's  time  setting  up  the  shovel  and  getting  ready 
to  work ;  so  that  the  actual  working  time  of  the  shovel  was  only 
10  Vi  days,  making  an  average  of  2,000  cu.  yda  loaded  per  day  of  13 
ta*.  The  depth  of  the  face  at  which  the  shovel  worked  was  only 
8  ft.     The  above  Is  an  exceedingly  low  cost. 

The  Rodger  ballast  car  Is  B  ft  9  Ina  x  34  ft  over  sills,  weighs 
28,000  Iba.  and  Its  capacity  Is  tO.OOO  Iba,  or  20  cu.  yda  of  gravel 
b^ped  measure.  The  car  Is  hopper  bottomed,  with  plows  and 
■crapers  for  spreading  the  balla«t  One  car  la  dumped  at  a  time  and 
fills  about  80  ft  of  track. 

cost  of  nock  Ballast.— The  Railroad  Oasette.  Nov.  10,  I90«,  p. 
43S.  gives  the  following  cost  of  re-ballastlng  an  E:astem  railway: 

Pereu.yd. 

Bock  on  cars  at  Rockland  Lake (O.STG 

Floatage  Irom  Rockland  Lake. D.0S6 

Distribution  by   train   (Rodger  cars  and  ballnst 

plow)      0-03E 

lAbor  putting  In  track 0-OB8 

Total    ..I0.7B4 

This  does  not  Include  cost  of  preparing  the  old  track,  forking  up 

old  ballast,  llfUng  track,  etc 

It  Is  estimated  that  lO.lE  per  cu.  yd.  would  cover  the  added  cost 

of   putting  rock   ballast  In  a  new  track,   Including  cost  of  lifting 

track,  tampInK  muCaclng.  etc 
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No.                   Lbs.                        I>escrlptloii.  Price- 

fl                       BO                             RiKtd,  Bolted  $17.00 

10                       80                             RlSld,  Bolted  St.OO 

10                       SG                              Sprlne  R  1S.S* 

8                       60                             Rigid,  Bolted  1S.O0 

8                       85                             Rigid,  Bolted  M.O* 

8                       TE                             Rigid,  Bolted  2S.GS 
Type  A                  80                             CrOHlDK  Bolted          I3S.D0  to  It&M 

10                       TS                             SpHng  R.  Bolted  GI.OO 

T                       SO                             Rigid.  Bolted  ST.SO 

10                       80   (Hk'i              Spring  R  19.15 

10                       ST    t*«")              Spring  B.  «.tO 

18                    80  (6H")             Kgid.  Bolted                45,00  to  TO.OO 

Rail  braces,   3.32  Ibe.  each.  SKch t       -10%    * 

Rail  Joints  (8D-lb.  rail),  Weber,  Insulated G.2S 

Rail  Jolnta,  Atlae,  com J.7B 

Rail  joints.   12-ln.   for  80-lb.  rail l.BO 

Replacera,  Little  Qlaat    IS.OO 

Rail    bender,    roller 143.00 

Rail  chairs,   caat,  per   100   lbs. 1.18 

Rail  chairs,  wel^ta: 

4   Ina  high,   19.E  lbs. 

i  Ins.  high,  IS.I  lbs. 

Switch  stand.  Ramapp,  low '"  "" 


iackln    place!.... ...;...... 40.00 

drir  


Track  Jack 


Total    11,400 

8.T  tons  rails   (relayera),  at  (ID 171 

IB   ties,  at  lO.flO 9 

Miscellaneous  material   IGO 

Labor  laying  track,  etc TO 

Grand  total ft.SOS 

No  piles  were  used  tn  foundation. 
The  cost  of  50-ton  track  scales,  11  ft.  long,  on  the  tfortliem  Pft- 
Clllc,  in  1899,  averag«d  as  follows; 

Scales.    dellvBTBd    I    BBO 

Other  materials    170 

Labor  (1175  to  1800) iso 

Total f  1,000 

The   cost  of   go-ton  track   scales,   GO   ft   Ions.  In   190E,   waa  m 

I1.IE0 

S50 

Total    tTioO 


Co*t  of  Wat«r  Tank*.— On  the  Chimgo  ft  NorthweBtem,'  in  ] 
tbe  folloirInK  was  the  coat  of  four  different  GD.O<ljk§a).  ta 
lexil  ft.,  on  U-:tL  posts:  ,« 

Tank  No.  1, 
Material: 

Water  tank.  Includtng  hoopa,  etc. t  ITE 

Two    S-ln.    slandplpe 380 

S40  ft.  a-in.  pipe,  valvea,  etc S15 

1  bbl.  pitch  and  1   bbl.  oakum T 

Poata,  caps  and  braces £09 

Stone,   cement,   etc.,   for  foundation 309 

108  ft.  4-ln.  gaa  pipe 13 

Total  material    tl.GlT 

Building   tank    t  2fll 

Bulldlnc   masonry   foundation 201 

Palntlnr  tank.  2  coats SB 

Ldylng  pipe  and  BettlnK  atandplpea ITS 

Total   labor    t  <7I 

Qntnd    total     f  1.193 

Tank  Ko.  S. 

]fal«rtal: 

Tank,  and  posts,  braces  and  caps t  iOt 

One    S-ln.    standplpe ISO 

Tiro   S-1d.   Bate  valves l;; 4G 

eOS  lbs.    lead    II 

410  ft.    g-ln.    cast-Iron   pipe 2GG 

Lumber    for   well,    pump   houae   and    standplpe 

foundation    13 

80  ft.  4-ln.  gas  pipe 16 

Paint    10 

Stone,   cement    etc 389 

Total   material    H,18S 

Building  tank    I  JSl 

Building  foundation   ISD 

trying:  pipe   199 

Paint^K  tank,  S  coats ^3B 

'  DlgglnE  well  (l«  ^  IB)  and  waUinx  tt  up 290 

Total    labor    J  MS 

Grand  total   »3.0O8 

TiNK  No.  "S. 

MateHat: 

Tank    I  "6 

On*  lO-ln.  Etandptpe 22} 

BO  ft   10-ln.  cast-iron  pipe 72 

PIttlnss  (or  pipe  and  standplpe «» 

Foundation   for   tank  and   standplpe IBO 

Paint    i£ 

ToUl   material    I  '» 

<Poste^  etc.,  seem  to  iMvs  bean  omltttd.). 
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Labor: 


-vnK  tank   I   a»8 

"-      'ouQdaUon  13S 


Pdntlng,   i   CO 


Untlng, 

Total    l»bor    r~S»6 

arand  total   II.ITE 

Taite  No.  4. 
Jfatfriol; 

Tank     t   »04 

10-ln.   atandplpe    2SG 

eo  ft.   12-111.   caM-lroD  pipe T! 

Valvea.    elbows,    etc SE 

a.ESfl  Iba   lead,   at   S%   ota. 8T 

aso  pieces  6-ln,   cBHt-fron  pipe 1,210 

Paint     20 

Material    for   Btandplpe 21 

Material   for   tank 119 


Total   material    |8,1M 

Building  tank    t  *ii 

Laying  3,000  ft.  pipe,  at  30  eta 900 

Building  foundation  of  tank 112 

Building  foundation    of  Btandplpe IS 

Painting,   2   coata Z» 

Total   labor    t    987 

Grand  total   13,140 

The  cost  of  a  iex24-fL   tank,   on  the  C,  R.   I.   ft  P.,  In   IS»<, 

Tank  with  12  hoop* ISTS 

Indicator B 

Set   T-ln.    ditures tS 

12    Iron    post    caps S4 

Rail  Joists,  at  tG  per  ton 13 

Substructures    (Incl.    frost   proofK.) 198 

Paint     IB 

Foundation    stone    69 

Labor   erecting  tank 16E 

Uibor   painting   tank 24 

Labor  on  foundation IIS 

Total    (978 

On    the    Lehigh    VaUey    Ry..    In    1S96,    a    20-tt.    tank    cott    m 

lollowa : 

t,7B0  Iba  wraugbt-lron  hoops,  at  3  cts. t  88 

4, GOO  ft    B.    M.    of    3-In.    cypress   for    staves   And 

bottom,    at    $23 128 

TOO   ft.  B.  U.  jel  pine   (1x3)   for  false  bottom, 

e.o'oo  !l  B.'M."white'i)ine,'at'iioM!;;!. !!.■;!"!  iso 

Nails,    door,    ladder,    etc 80 

EO  cu.  yda  masonrr  foundation,  at  IE. 00 880 


Lead,       

lAbor  erecting  tank.. 


. .1918 
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On  the  Northern  Padflc  from  1890  to  IBOO,  the  average  coat  ot 
IE  tankit  11x14  tL,  waj  aa  foUow*: 

Uaterlals    t   900 

LaDor     800 

Total    |1,700 

In  no  c*a«  does  thii  Include  pump,  pump  houM,  well.  etc..  but  II 
doei  tnelude  pipe,  foundation,  etc 

The  coat  of  a  typical  water  tank  on  the  Slrla  Ry.,  In  1901,  vaa  as 
loUows  for  a  60,000-sbL,  14  x  24-ft.  tank: 
Ta*k  aitd  Bubitmctwre: 

lSx24-fL    pine   tub I    875 

tO,S70   Iba    Bt«el   trenle,    at   tt.tG 831 

49  ft.  Iron  ladder IS 

9  squares  slate  for  roof 17 

9  squares   tar   paper 3 

40  Iba  yellow  metal  alate  nails 7 

118  ft.  galT.  rtdge  roll 4 

Pine    80 

Nails,  etc lo 

14  sala   paint    16 

OS  bblK  cement gg 

.30  cu.  yda.  crushed  stone U 

11  cu.  yda  sand   IS 

■  OOO   brick    63 

Ifaaon    labor    13B 

Carpenter   labor    1ST 

Total    tl's<9 

PIvmMitff.- 

Standpipe,   10-ln.,   complete %    ilG 

lO.TB  tone   10-ln._  caet^lron  pipe.  "" 

BGl  iba"iead 


length    (II  ft)    10-ln.   Ranged  pipe 

•--'->  and  1  sleeve  (10-ln.)., 


S  elbows 

iSl  Iba   lee.-    

ISO  ft.   galv.    pipe    (3-ln. 


Infftor 


1  angle    valve    (2-ln.) 1 

70  ft  eewer  pipe   (4-ln.) 1 

1  Iron   grating  for   drain   pit 4 

1  galv.   Iron   float,   beam   and   chain 4 

4  pr,   pipe  flanges   (S-ln.>,   etc e 

t  ntpftlea  (3-ln.),  4  elbows  and  1  tee i 

Labor   of   plumbers 1G8 

Total    plumbing    t    840 

Grand  total    (2,709 

Cost  of  Track  Tank,— The  form  o(  track  tank  shown  In  Fig.  9. 
1,200  ft.  long,  on  the  B.  A  O.  R.  R.,  coat  as  follows,  In  1890; 

Repairing   roadbed    t   1.094 

L&bor  placing  trough   and  pipe 3.13G 

Trough,    including  shop  work 4,169 

Crosa-tiea,    pipe  and   other   material 2.S3S 

Hauling    81 

Total      II0.38E 

The  trough  was  of  steel  J/16  In.  thick,  made  In  30-(t.  sectlona 
The  above  cost  Includes  TS  ft  of  S-ln.  caM-lron   pipe  and  two 
standptpes  for  use  of  freight  engines. 
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The   cost   of  opera.tias   *uoh  a.   trmck   tank  mu  aa  toUowa  i 
Two  pumpmen,  &t  (4B.0fl t  >0- 


--    --  »1.B0 lt.SI 

Ordinary   r^nira   14.00 

Total    IHi.SO 

ExamplM  ol  Pracllca  In  Tumtabia  Cenatructlon,  With  Soma  Dat* 
o«  Coata.* — Tha  foUowloB  test  cooalata  ol  a  teriea  of  lettera  dla- 
cuaalns  aaven  aabjecta  nisKAsted  by  a  committee  aa  foUova: 

(1)  Proper  length,  allowlns'  tor  probable  future  Inereaae  In 
lenctb  of  locomotlvea  (2)  PIat«  slrder  lablea,  and  coat.  (1)  Caat- 
Iran  tablea.  and  coat  (4)  Qallowa  frame  tablet,  and  coat.  <G> 
Othar  deailT'iB,  and  coat.  (8)  Foundation,  circle  wall,  pavtng  If  any 
and  pit  dralita8«.      (T)   Power  for  operation;    electricity,  air  and 


Fig.   9.— Track   Tank. 


/.  P.  Conlv,  Botton  d  Ifaina  A.  A.— Anticipating  tbc  probable 
length  of  a  turntable  required  for  future  locomotive  service,  la 
rather  an  uncertain  problem  ]uM  at  thia  period.  However,  It  la  the 
opinion  of  many  that,  on  the  division  where  I  am  located,  the  lately 
purchased  steam  locomotlvea  have  apparently  reached  their  eco- 
nomical limits  In  both  lenph  and  weight,  provided  the  cloaa  of 
trallla  remains  similar  to  that  which  la  now  being  handled. 

The  largest  engines  on  our  divtrion  are  turned  easily  on  turn- 
tables TO  ft  long.  Thli  la  now  our  standard  length,  and  as  far  aa 
we  are  able  to  predict,  will  answer  for  future  requirements. 

The  steel  work  In  these  tables  ccst  approximately  (i.EOO  on 
board  COTS  delivered  to  our  road  by  the  contracting  bridge  com- 
pany. There  Is  nothing  unusual  about  the  design.  However,  I  will 
mention  that  we  specify  that  four  cost  steel  end  wheels  ahall  be 
furnlihed  on  each  end  of  table  and  the  center  pivot  bearing  ahall  be 
of  Che  diac  pattern ;  meaning  that  the  table  tuma  en  a  compoal- 
tlon  disc  on  top  of  the  center  cast  steel  pivot  casting,  Instead  of  on 
the  familiar  roller  bearing. 


'Bngititeti^e-Contraetlto,  Oct.  2 
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Our  turntable  Muter  foundatloiis  have,  of  late,  been  made  o( 
concrete,  being  10x10  ft  on  bottom  and  bearing  on  pllea  when 
there  Is  doubt  about  the  earth  being  eulDclently  eolld  to  carry  the 
nuixiRium  load  on  thlB  area  without  ■eltling.  The  bottom  course  ot 
concrete  ta  generally  2  tL  In  depth.  The  foundation  Is  then  stepped 
tVk  ft.  square  by  2  ft.  thick,  and  a.  granite  cap  &  ft  square  by  I  ft 
In  depth  la  placed  on  top  to  recel-re  the  cast  steel  center  pedestal. 

There  are  330  cu.  yds.  of  masonry  In  our  TO-ft.  turntable  pits. 
The  whole  outllt,  including  turning  motor,  costs  us  between  tE,O0t> 
And  fT.DOO.  Figures  vary  for  ditterent  locations,  depending  upon 
whether  or  not   we  are  obliged   to  drive  piles,   provide  expensive 


Practically  all  of  theee  new  outBte  have  been  put  In  Where  older 
and  nnaller  tables  were  Inatalted  and  as  the  older  tables  were 
kept  In  service  luat  as  long  aJi  possible  so  bs  to  avoid  delays  to 
engines;  our  work  has  always  been  made  mora  expensive  than  If 
new  tables  were  constructed  where  we  would  not  be  handicapped 
by  keeping  the  old  table  in  use. 

We  use  gBBollne  power  turning  device. 

The  floors  of  the  turntable  pits  are  covered  with  a  coal-tar  con- 
crete paving,  about  two  and  one-half  Inches  thick,  somewhat  sim- 
ilar to  that  which  Is  used  extensively  In  small  cities  and  towns  In 
New  England  for  sidewalk  aurfacea  This  gives  a  fairly  hard  and 
elastic  surface,  and  does  not  crack  when  soil  underneath  heaves 
With  frost,  and  Is  comparatively  smooth,  so  that  It  Is  easily  kept 
clean  and  snow  may  be  removed  from  pit  without  much  trouble. 
Tbe  cost  18  about  SO  cte.  per  sq,  yd. 

A.  B.  Beard,  PhJIodetpAla  if  Reading  Bii.— The  cost  of  our  plate 
■Irder  standard  T&-ft.  table  In  place  ready  for  the  track  rails  Is 
11,786.00,  as  follows: 

Masonry     |2,6OO.00 

HiscellaneouB     600.00 

Table    <,78E.0O 

fT,78E.O0 

A  tE-ft  ptate  girder  table  has  been  In  service  at  the  roundhouse 
at  Reading  since  1837.  This  was  manufactured  by  the  Pottstown 
Bridge  Co.  E:nB<nes  of  all  classes  are  turned  on  this  table,  the 
number  turned  every  2i  hrs.  (although  the  table  Is  short  for  some 
engines)  Is  75  to  SO.  The  cost  of  this  table  in  place  was  (E,gZ5. , 
Thle  table  at  present  Is  operated  by  an  B-hP.  gasoline  engine,  manu- 
factured by  the  WlUlamsport  Qaaollne  Engine  Co.,  the  cost  of  same 
In  place  was  a  fraction  over  11,000,  and  costs  for  operating  atraut 
tltE  per  month,  this  Includes  labor,  oil,  gasoline  and  repairs;  we 
are  now  arranging  to  install  an  electric  motor  on  the  same  table 
to  replace  the  gasoline  engine. 

S.  E.  Schall,  LeMgh  Talley  R.  R.— Our  80-ft  turntable  is  con- 
structed as  follows:  Deck  plate  girders  B  ft.  «14  Ins.  deep  at  cen- 
ter wid  3  ft.  8i4  Ins.  at  ends;  spaced  e  ft  c.  to  t,  conical  wheel 
CMltar  bearings  with  live  ring,  built  for  a  moving  load  of  Cooper's 
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B.  EO  engbiM  or  4, GOO  lbs.  per  Iln.  ft  of  table.  Coat  about  |S,lflB 
delivered  t.  o.  b.  can  wltlilii  200  mllea  of  bridse  sbop. 

The  center  foundation!  ajid  circular  lim  walla  are  Ksuerallr  of 
concrete,  the  circular  rail  reeting  on  short  sawed  ties.  The  top 
of  rtm  In  covered  by  a  white  oak  Uniber  coping  to  act  as  a  cushloD 
with  roll  tie-plated.  The  pit  Is  paved  with  concrete  about  S  Ina. 
thick,  and  provided  with  drainage.  For  ouUrlng  districts,  and 
tables  not  used  extensively,  the  rim  wall  Is  at  times  omitted,  using 
only  a  segmental  wall  at  entrance  and  run-off  ot  table,  using  bal- 
last under  the  ties  of  circular  ralL 

For  operation  we  have  In  use  electric  motors,  gasoline  engliie 
motors  and  air  motors;  all  are  giving  satlstactlon.  When  electric 
power  Is  at  hand.  It  Is  tbe  most  suitable  power  to  use ;  wnen 
electric  current  must  be  purchased  from  other  parties  or  when  nons 
Is  available,  gasoline  engine  motors  of  from  S  to  10  hp.  will  pieve 
very  satisfactory.  Tbe  air  motor  will  also  prove  efflclent  If  properly 
Installed  and  arranged  to  take  proper  adhesion  on  circular  rail,  ob- 
taining a  sufficient  supply  of  air  from  locomotives  to  be  turned, 
unless  the  air  can  be  taken  from  a  compressor  near  by.  The  air 
motor  will  not  turn  as  many  engines  In  a  given  time  as  either  of  the 
other  two  kinds,  on  account  of  the  time  required  In  making 
couplings,  but  for  outlying  districts  It  Is  the  best  motor  attach- 
ment available  at  this  time.  The  cost  of  Installing  one  of  the  motors 
ranges  from  |900  to  11,200. 

A.  A.  Wolf,  Chicaffo,  MHvxiukee  iC  S(.  Paul  Rtl.—We  use  8E-(t 
turntables  on  mountain  division  where  the  heaviest  power  Is  used, 
and  TS-tt.  tables  on  other  main  11ns  divlalona  We  have  three  types 
of  the  plate  girder  tables,  which  we  distinguish  as  throuiAi.  seDil- 
through  and  deck.  The  reason  for  these  various  designs  Is  occa- 
sioned by  the  dlBlculty  In  many  places  of  getting  drainage  from  tbg 
pit  to  a  sufficient  depth  to  accommodate  a  deck  table.  These  plate 
girder  tables  cost  from  16.000  to  t8,GO0,  varying  somewhat  wttb 
local  conditions,  pertaining  to  the  nature  of  foundation^  etc  Tb» 
labor  amounts  to  from  86  to  40%  of  the  total  cost 

For  plate  girder  tables,  wa  use  a  concrete  center  pier,  circle  wall 
and  circle  rail  foundation ;  the  circle  wall  and  foundation  for  clrcls 
rail  being  of  monolithic  construction.  Piles  are  always  used  under 
center  foundation,  except  at  places  where  solid  ledge  rock  Is  found. 
Plline  Is  used  under  circle  wall  except  where  rock  or  other  firm  soil 
Is  found.  We  do  not  make  IC  a  practice  to  pave  the  pits.  Drain- 
age Is  provided  by  means  of  connection  to  roundhouse  sewer  or  to 
low  adjacent  ground,  according  to  local  conditions. 

We  use  gasoline  and  electric  motors  only  for  i>ower;  tbe  electric 
motor.  In  our  estimation,  fumlahes  the  Ideal  power  for  turntable 
operation  where  It  can  be  procured  without  excessive  cost.  At 
several  of  our  division  points  We  have  our  own  generators  and  ooo- 
sequently  the  current  required  for  operatlngr  turntable  costs  but  Twy 
little. 

I.  O.  WaOeitr,  NatKvittt,  Chattanooga  <f  St.  Louis  Rv- — Our  stand- 
— d  length  Is  70  ft,     Plata  girder  tables  cost  with  ties.  latches,  etc. 
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In  place,  13,200-    Maaanry  and  touodatlona  tS.OOO.    Tha  coat  of  th6 
masonry  Is  eitreniely  variable,  however. 

W.  T.  Itain,  Chicago  *  North  W»ttent  JZv.— Turntablea  newly  In- 
stalled In  the  future  abould  be  BO  ft  In  lencth.  A  TO-ft.  King 
Bridge  Co,,  deck  plate  girder  turntable  Inatallad  at  Chlcaga  Ave.,  In 
190T,  coat  as  followa: 

Material     t2,G70.4S 

Labor    2.262.00 

Total      UMlAi 

Ttila  table  replaced  an  old  tO-ft  dech  plate  Birder  and  was  In- 
atalled  under  continuous  trafilc  except  Cor  two  days  while  new 
concrete  center  pier  was  allowed  to  aet.  Over  400  englnea  wpre 
turned  every  24  )ir&  on  old  table  during  construction  of  new  circle 
wall  which  will  K<ve  some  Idea  of  condltlona  under  which  work  was 
done  and  reason  for  high  cosL  Table  Is  operated  by  10-hp.  electric 
motor  which  was  used  on  an  old  table  but  turnlshed  with  new  frnma 
A  TO-ft  King  Bridge  Co..  deck  plate  girder  turntable  Inatalled  In 
1»0T  coat  as  follows; 

Material   t2.RS0.00 

Labor    2.262.00 

Total    15,380.00 

Thta  table  replaced  an  old  GO-ft  Idsalg  plate  girder  and  waa 
liURslled  under  tratHc  In  same  manner  as  tbe  one  before  mentioned. 
About  tEOO  of  the  cast  was  due  to  renewal  of  radial  tracks.  The 
drele  wall  was  built  of  concrete  and  the  center  [iler  of  concrete,  re- 
inforced with  ecrap  rails  In  order  to  spread  the  load  over  old 
masonry  foundation.  Tbe  table  Is  operated  by  10-hp.  Pilling  air 
motor  and  haa  six  reservoirs  under  runways,  the  air  being  furnished 
by  air  compreaaor. 

A  SO-ft  Stroebel  deck  plate  girder  table  Installed  at  Chicago 
Ave.,  In  1S99,  on  old  niasonry  wall  and  new  center  pier,  ooat  |2,GD0. 
A  60-tt  Oreenleaf  cast-Iron  table  installed  at  Milwaukee,  18»9,  in- 
cluding new  center  pier,  coat  13,100;  the  table  alone  cost  tl.160. 
A  EO-Ft.  gallows  fiama  turntable  Inatalled  at  Bvanston  hi  1898  with 
timber  circle  wall  and  center  pier  cost  ftl83. 

Circle  walla  should  preferably  be  built  of  concrete  except  when 
table  la  renewed  under  trafflc,  where  rubble  masonry  can  be  used 
to  better  advantage  while  working  In  cramped  space.  Center  pier 
may  require  pile  foundation  unless  subsoil  Is  good,  where  a  ^read 
foimdBtlon  of  concrete  or  masonry  12  ft  square  will  serve.  The 
advantage  of  paving  In  pit  will  hardly  justify  the  additional  eipenae 
though  It  Is  easier  to  keep  pit  clean  when  paved  and  helps  the  drain- 
age. The  best  drainage  poaMble  ahould  always  be  secured.  Circle 
walla  ahould  have  an  offset  at  one  point  to  allow  of  examination 
and  repairs  to  end  rollers  and  tmxea.  particularly  where  table  has 
rollerB  between  girders.  Masonry  circle  rail  seat  should  be  extended 
al  two  points,  diametrically  opposite,  to  afford  suPiMrt  for  Jacka 
tor  raising  table  and  examining  center.    This  saves  placing  cribbing 
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Mt  Boft  KTouDd  when  xMag  Jacki  and  renders  Um  operation  nmdi 

Would  recommend  the  use  o(  electric  motor  (or  operating  table 
wherever  poulbie  and  where  service  demands  the  quick  handllnB  of 
engines ;  second  choice,  gasallne  engine ;  third  choice,  sir  motor. 
The  latter  slves  excellent  service,  where  there  la  plenty  of  time  for 
handling  enclnes  and  where  there  la  HufSclent  supply  of  compressed 
air  which  can  be  ptpc^  to  reservoirs,  but  It  Is  slow  In  operatloa 
where  engine  to  be  turned  must  supply  the  air. 

i.  O.  Cunningham,  Wabath  R.  R, — No  table  less  than  IB  ft.  iliould 
be  used.  Deck  tables  of  this  length  cost  ti.600.  The  foundation 
of  circular  wall  and  paying  should  always  be  of  concrete;  pit  should 
be  well  drained;  the  cost  of  this  tor  TG-ft.  deck  table  would  b« 
13.700. 

Electricity  Is  the  Ideal  power  for  operating  a  table.  It  this  can- 
not be  obtained  a  gasoline  engine  may  be  employed  of  about  I  hp. 
The  cost  of  the  electrical  equipment  would  be  11,160,  and  ft*  the 
gasoline  engine  equipment   Si. 000. 

W.  H.  Moore,  New  York  Haven  d  aartford  R.  R.— The  standard 
length  (or  turntables  on  our  road  1b  TG  fL,  but  we  build  some  tables 
SO  (t.  long.  The  approximate  average  cost  for  a  7b-tt,  deck  plate 
girder  turntable  Is  about  S3, 500,  and  for  a  half  through  plate  glrtlcr 
turntable  about  t5.750.  The  cost  of  loundallon  ot  the  circular  wall, 
etc.,  varies  bo  much,  depending  on  the  nature  of  the  ground,  that  It 
would  be  hardly  proper  to  name  any  average.  T  may  say.  however. 
that  for  a  concrete  pit  with  granolithic  floor  and  granite  center 
stone.  In  a  location  where  there  was  good  Arm  sand  requiring  no 
piles  and  where  drainage  could  be  cheaply  taken  care  of,  the  total 
cost  Is  about  t3.B0O.  For  power  operation  we  use  mostly  gasoline 
motorp  1  some  air  motors,  and  electric  motors  where  current  can 
be  conveniently  obtained.  The  cost  o(  power  Installation  averages 
about  1 1.000. 

O.  Aldrich,  Nevi  Torh,  Ntw  Bave*  4  Hartford  R.  B. — For  the  re- 
quirements of  modem  engines,  TS-ft.  minimum;  BO-ft.  recommend; 
TB-ft.  deck  plate  girder,  erected  complete  J3,fl00,  base  o(  rail  on 
table  to  top  of  center  pier.  <  f  L  4  Ins. ;  base  of  rail  on  table  to  top 
of  circular  rail,  1  fL  S  1ns. :  lE-fL  through  plate  girder,  cost  With 
floor  erected  complete,  tG.TGO.  Base  o(  rail  on  table  to  top  of  center 
pier,  3  ft  11  InK;  base  of  rail  to  top  of  circular  rail,  2  ft.  9  1ns. 
The  foundation,  circular  wall  and  center  pier  are  eonatrucled  of  con- 
crete; the  pit  is  usually  paved  with  granolithic  pavement.  The 
coBt  varies  In  accordance  with  local  conditions,  ranging  from  12,500 
to  14,000. 

For  power  we  use :  (a)  air  supplied  by  the  engine  being  turned ; 
(b)  air  supplied  from  compressors  In  adjacent  riiops ;  (c)  gssotlne 
engines;  (d)  electric  motors.  Electric  motors  preferred  where 
current  Is  available ;  air  motors,  supplied  by  compressors,  second, 
and  gasoline  motors  third  choice.  The  cost  of  power  Installation 
varies  from  |900  to  tl,200. 

N.  F.  Selmert,  Nortkem  Padfto  «v— The  Northern  PacISc  By. 
•-t  Installing  80  and  86-rt  tables     I  do  not  anticipate  any  power 
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In  Ibe  futUT«  which  will  call  for  the  use  of  a  larger  table.  An  SO-fi. 
through  table,  without  the  circle  rail,  and  welKhlng  114, 8GS  lbs.,  cost 
In  place  $1.SD0.  Such  a  table  was  Installed  at  Staples,  Ulnn.,  with 
concrete  circle  wall  and  center  foundation.  The  masonry  was  done 
by  contract,  and  the  installation  of  the  table  by  the  company  at  an 
expense  of  |3.9Z  per  ton.  The  framing  of  ties  and  other  timber 
coat  14.05  per  thousand  feet.    The  cost  was  as  toUowa: 

Labor.  UatorlsJ. 

Turntable     ¥211.44  t4,19B.62 

F^las   work    12.93 

Timber,  ties,  planicInK,   etc 3S.23  77.49 

Palntlns     27.49  14.78 


In  IBOB  an  SO-ft  table  of  the  same  type  was  lnatall«d  at  Ulune- 
apolla  repiactng  one  14  ft.  In  length.  The  fountlation  work  was 
done  under  traffic,  and  tho  chanKe  of  tables  was  dono  with  a  total 
Interruption  of  IB  bra;  Itemized  statement  follows i 

Labor.  Material. 

excavation     t    463.94  

Qravel     82.14         

Concrete   work    408.28  f    SGLEI 

Forma     21.7S  134.19 

Circle  rail   B8.74         

Table    proper    361.38  4,040.96 

False  work  Cor  curbing 16.24 

Removal  of   old  brlclt  curbing..      104.42         

Cleaning  girders   37.98         

Painting    23.T6  21.04 

Ties  and   coping 79.71  188.88 

EnglneeiinK   14.fl« 

11.632.09  16.117.61 

The  total  coat  was  ft,T49.70. 

I  consider  that  ordinary  conditions  do  not  require  the  neces- 
sity of  paving  for  the  pit,  but  good  drainage  Is  essential  in  most 

For  power  we  are  using  electricity  and  compressed  air,  while  some 
of  the  80  and  SG-tt.  tables  are  being  turned  by  hand.  Air  motor  In 
uae  at  Jameston-n,  X.  D..  oast  at  St.  Paul,  |4G0 ;  Installation,  119.81 ; 
total,  1469.81.  Electric  tractor  furnished  by  Nichols  ft  Bro.,  cost 
tl.104.37:    Installation,   1115.86:    total,   |1,220.22. 

W.  T.  Powetl,  Colorado  d  Bouthern  fli/.— The  up-to-date  table 
should  be  30  ft.  Ions,  with  a  capacity  tor  turning  200-ton  engines. 
We  installed  recently  an  SO-ft.,  200-ton,  through-plate  girder  table 
which  cost  as  follows : 


Labor  

Total   cost    ■  ■  $6,390.00 

This  table  replaced  ft  66-n.  (able  and  we  were  compelled  to  ex- 
cavate and  put  In  the  curbing  under  42  tracks  and  keep  them  safa 
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while  In  usa.  We  drove  H  plies  for  canter  foundation  and  capiwd 
It  with  a.  block  of  concrete  12  ft.  squBre  and  4  ft  thick:  a  dedi 
table  of  this  lengtli  and  capacity  would  coat  about  l«00  le«a  We 
usa  concrete  entirely  for  mawnry ;  rails  ara  tokened  with  bolts  and 
cast  clipst  the  bolts  being  set  in  the  concrete;  no  paving:  dralnad 
when  necessary.    We  use  air  power  with  a  two-cylinder  motor. 

/,  S.  Brotone,  Hew  York,  New  Houea  i  Hartford  R.  fi.^We  have 
recently  Inirtalled  an  80-fI.  table  at  Providence.  The  center  pier  Is 
of  concrete,  reinforced  with  ateel  rall^  on  account  of  the  irregularity 
of  the  supporting  material,  aa  It  waa  (eared  that  the  concrete  might 
be  fractured  by  the  load  it  laid  without  reinforcement.  The  outer 
WBilI  of  the  pit  B.nd  the  paving  are  also  of  concrete. 

White  an  accurate  record  was  not  kept  of  the  cost  It  was  spproxl- 
nalely  as  follows: 

SO-ft  Hteel  table  delivered  at  Providence t3.10D.00 

Placing  coping  and  circular  rait  and  moving  table 

into  pit    BOO.OO 

Concrete  In  outer  wall  and  center,  including  forms.   Z,SO0.00 

BxcBvation.  including  disposal  of  material l.GOO.OO 

Paving    SOO.DD 

Drain  pipe  to  connect  with  sewer lOO.OD 

Total     (9,000.00 

The  work  was  dona  by  the  company's  force,  and  the  hl^  cost  of 
excavation  was  due  to  the  (act  that  a  portion  o(  (be  work  was  draM 
In  (reesing  weather,  and  It  was  necessary  to  bandla  tbe  material 
more  then  once  before  its  final  disposal  by  work  trolna 

The  company's  standard  main  lino  turntable  Is  TB  fL  long,  but 
80  fL  Is  considered  better  at  points  where  the  largest  type  englnat 
are  turned,  to  permit  of  properly  balancing  them.  Dedi  plate 
girder  tables  are  used  where  sufHclent  depth  Is  available  without 
excessive  cost,  but  where  this  ii  not  feasible,  half  through  plate 
girder  tables  are  used.  The  superstructure  of  deck  tables  is  about 
10%  cheaper  than  that  o(  hal(  through  tables,  but  this  saving  I* 
balanced  by  the  greater  cost  of  the  pit,  so  that  under  ordinary  condi- 
tions the  total  cost  of  these  two  types  Is  about  equsL  Gasoline 
motors  are  generally  used  for  power,  although  electric  motors  may 
be  used  to  conBiderable  extent  In  the  future. 

/.  N.  Penuell,  iMke  EHe  4  "Weatarn  R.  R.—Od  our  main  line,  we 
are  taking  out  62-fL  tables  and  replacing  with  SO-ft.  tables,  usiDg 
the  old  ones  on  the  branch  llnea  Wa  have  two  of  the  old  cast-lmn 
tables,  50  ft.  In  length,  which  have  been  In  use  10  yrs.,  one  of 
which  Is  in  perfect  condition  and  the  other  about  worn  ouL  We 
have  only  one  of  the  old  style  gallows  frame  tables,  but  it  is  out  of 
d«te  and  will  i>o  replaced  with  a  more  modem  structure  within  two 
years.  For  the  foundation  and  circle  walls  wa  are  using  concrete. 
If  foundation  Is  not  absolutely  reliable,  we  drive  piles.  Drainage 
Is  Important  and  the  very  best  should  be  provided.  Our  tables  are 
all  iterated  by  hand,  except  one  which  we  are  now  operating  with 
air.  Would  recommend  electricity  wherever  It  can  be  had  In 
erecting  new  tables  we  make  provision  for  air  pipes  in  the  founda- 
tion, so  that  wo  can  use  air  in  the  future  If  wo  desire. 


Coat  of  TurntablM.— The  foUowInc  wai  the  estlmsted  coat  of 
turntables  for  the  N.  T.  Central  Ry.,  In  190Z : 

SUe  of  Turnlable.                        70  ft.            7B  ft.  SO  ft.  SB  fL 

Turntable  delivered,  f.  O.  b....fl.9eE          t2.400  CfiOO  fi,80O 

lAbor  erecting  t9G             430  tSO  500 

Pit   s.aoo         s.soo  4,000  4,200 

Uortar  for  turalnK ROO  900  900  900 

Tout    le.BOD  tT.ESO  17.980  (8,400 

Coat   of   Aah   Pit On   the  Northern   Pacific   a.   etandard   aah   pit 

with  brick  aide  walla  and  concrete  bottom  waa  bu[It  at  a  coat  of 
about  to  per  Un.  ft  in  1890.  The  width  between  the  aide  walla  la 
4  fL,  and  the  clear  depth  of  the  walla  la  SU  ft.  below  top  of  ralL 
The  brick  aids  walla  are  IT  Ina.  thick.  The  Hides  of  the  pit  are 
protected  by  caat-lron  plates,  %  In.  thick,  IS  [na  wide,  and  3  ft.  4 
ins.  long.  The  bottom  of  the  pit  la  paved  with  hard  brick  aet  on 
edge  and  bedded  on  8  Ina.  of  concrete.  This  concrete  foundation  ex- 
tenda  under  the  aide  walla  where  It  la  thickened  to  1£  Ina  for  a 
width  of  i  ft 

On  the  N.  T.  Central  In  1»02,  the  following:  waa  the  coat  of  dtfCer- 
«nt  typea  o(  aati  pita : 

Elevated  aah  pit,  113  per  Itn.  ft.,  plua  139  for  the  two  enda. 
Seml'depresaed  pits  on  the  main  line,  (20  per  lln.  tt.' 
Mtto,  for  minor  pits,  |16  per  lln.  ft 

Cost  of  Snow  Shcda.— On  the  Northern  Faclflc  R.  R.  (In  1B90)  the 
BtODdard  anow  ahed  on  level  ground  consisted  of  timber  benta 
(SzlO-lo.),  0  to  10  ft  apart  to  which  were  faatened  horliontal 
vtuddlng  (4xl0-ln.),  and  to  the  atudding  waa  aplhed  2-ln.  uprlEbt 
Biaing.  The  roof  waa  double-pitched,  with  rattera  4  x  10-In..  and 
aheeted  with  2-ln.  plank.  For  wet  anow,  the  benta  were  spaced 
(  ft  apart,  reauiring  304  ft.  R  M.  and  13.3  Iba.  of  Iron  per  Iln.  ft 
ot  BDow  Shed.  At  (30  per  M,  and  E  eta.  per  Ih.,  the  cost  was  not 
Quite  flO  per  lln.  ft  of  ahed. 

The  standard  snow  shed  In  througli  cuts  (single  track)  has  bents 
<  ft  apart,  and  tt  requires  4S4  ft.  B.  M.  and  14  Iba.  of  Iron  per  lln. 
ft.  the  coat  being  (IB  per  lln.  ft 

A  Randard  aldo-hlll  anow  ahed,  with  a  Aat  roof,  with  benta  t  ft 
apart,  contatna  034  ft  B.  U.  and  10  iba.  of  iron  per  Iln.  ft,  cOBttng 
ISO  par  lln.    ft 

None  of  the  foregoing  have  any  crlbwork.  being  entirely  aawed 
timber.  Nor  la  any  extra  excavation  involved  In  ihelr  conatructlon. 
These  aheda  are  not  dealgned  to  realat  anow  alldes  or  avalanchea. 

In  Trana.  Am.  Soc.  C  &.,  Vol.  29,  ISSS,  Ur.  Thomaa  C  Keefer 
haa  described  and  Illustrated  the  typea  ot  anow  aheda  built  (1887) 
In  the  Selkirk  Ut&,  on  the  Canadian  PaclDc  Ry.  Fifty-three  shedA 
total  7  tnilei  long,  were  built 

The  typical  "avalanche  shed"  haa  a  log,  rock-fllled  crib,  foimlng  a 
retaining  wall  back  of  which  la  an  earth  niL  Thla  forma  the  uphill 
aide  of  the  ahed.  The  roof  and  downhill  aide  are  of  sawed  timber. 
The  coat  ranged  from  (40  to  |T0  per  lln.  ft  of  "avalanche  ahed." 
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"Where  crlbwork  woa  not  oetaeO,    "gaUery  shada"  were  built  at  ft 
coat  or  tlG  Co  tU  per  lln.  ft. 

Con  of  Snow  Fancea.— The  standaFd  portable  •now  fence  ot  Chi- 
cago, Milwaukee  A  Bt.  Paul  has  tile  foUowJns  blU  ol  inatarial  tor  a 
panel  H   fU   Ions:  -    - 

LoKB,  3  pieces  i  x  6-ln.  x  14-fL,  No.  1  dcanmon. 

Boards,  ll  pieces  1  x  l-ln.  x  ll-ft..  No.  t  FeaelBg. 

8  carriage  bolts,   \ii  xi  Ins. 
i  No.   10  =  0.1   lb. 

it  wire  nallB.  gd.  =  O.S  lb. 

SO  wire  nails.  lOd.  =  0.7  lb. 

When  stakes  are  used  to  hold  the  legs  down,  use  G  Btahea  (rut 
from  2  X  t-ln.  x  2-ft.  No.  1  common  ripped  dlagoDally,  and  fastened 
to  the  legs  with  a  total  of  12  wire  dsUb  (200.). 

When  ground  la  Crosen.  use  drift  bolts  Instead  ot  stakes,  nnlng 
S  drift  botU  iVi  x  lE-ln.)  and  12  wire  staples  (S-In.). 

This  fence  contains  ISP  ft  B.  U.  per  panel  18  ft  long,  and  weltfu 
SIT  lbs  when  made  of  green  lumber.  In  1899,  the  cost  was  tl.GP 
pw  panel,  f.  □.  b.  cars,  complete  with  stakes  and  splkea 

On  another  Northwestern  ratlwar.  the  cost  per  18-ft.  panel  was: 
128  ft.  B.  M..  at  tIG,  Incl.  nalla tl-S* 

Total    tl-0* 

On  another  road  the  cost  per  K-tt  panel  waa: 

IGl  ft.  B.  It,  at  (17 I1.S8 

Bolts  ;;!  i !;;:;"!'";!"!"!""!;;  I ;;;;;!' "  o!og 

Labor    0.» 

Total  11.08 

On  the  C.  A  N.  W.  Hy.  a  statlonatr  snow  fence  Is  Isrgelr  tiaad. 
CMIar  poatB,  12  (t  Ions,  are  aet  4  ft.  In  the  ground  and  8  ft  apttrl. 
The  boards  are  1 1 10-ln.,  spaced  i  Ins.  apart,  leaving  an  open  wace 
of  12  Ina  next  to  the  ground.  The  cost  of  this  fence  per  IG-ft  panel 
was  as  follows,  In  1900: 

96  ft  B.   M.  boards,  at  tl*-EO |l.l> 

2  cedar  poata.  at  SO  eta. O.GO 

1  %  lbs.  lOd.  nails,  at  12.40 0.04 

Labor     0.80 

Total    |I«I 

For  costs  of  right  of  way  fences  see  the  Index  tinder  Fences. 
Coat  ef  Mall  Crsnea.— On  the  St.  Loula  ft  SontliwMteRi  Ry.,  la 
1902.  the  standard  mall  crane  coat; 

Crane  and  materials tllSO 

Labor     I.se 

Total    , tl».»5 
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Tht«  was  »  wooden  man  crane.  A  common  con  «I  woad*n  mall 
cranea  la  %li  to  |1G,  erected  In  place.  Iron  mall  cranes  com  about 
tSE  In  place. 

Cost  of  Interlocking  Slonil  Plant  and  of  Operation. — Mr,  J.  A, 
PeatKidy  estimate!  that  the  averagD  Interlocking  plant  will  have  a 
life  of  20  yra,  but,  to  be  on  the  conaervatlve  aide,  Bseumea  IE  yra 
He  eatlmates  auch  a  plant  will  coat  tS.OOO,  including;  croaa-over. 
4  derails,  4  high  signals  and  6  dwarfa 

To  operate  and  maintain  this  plant  would  coat : 

Interest.  4%  of  IS.tOO }    32D 

Depreciation.   7%    660 

Maintenance,   10.5%    840 

Operation   1,440 

Total    »!,800 

Ha  estimates  that  where  there  are  IT  trains  atopped  dally,  at  a 
coat  of  4I>  eta  per  stoppage,  the  yearly  cost  Is  ti,SOO  tor  stopping 
trelna.  Any  greater  number  of  trains  would  Justllr  an  Interlock- 
ing plant  merely  to  save  the  expense  of  stopping  tralna 

See  E*iri»ee<'ing-ConlractlHff,  February,  1906,  p.  49,  for  Hr.  Pea- 
body's  complete  discussion. 

Deftnltlon  of  "Mile  of  Railway."— In  discussing  railway  costs  per 
"mile,"  there  Is  great  danger  of  confusion,  for  there  are  three 
kinds  ot  "mllea  of  railway":  (1)  The  mile  of  roadbed,  equivalent 
to  the  mils  of  right  of  way;  (S)  the  mile  trackway.  Including  all 
1st,  2d,  id  and  4th  tracks  upon  which  trains  travel  regularly  be- 
tween stations;  and  (3)  the  mile  of  track,  including  all  tracks  ot 
every  nature,  main,  branch,  side  tracks,  yard  tracks,  etc.  Due  to 
the  dllTerent  meanings  assigned  to  the  "mile  of  railway,"  I  have 
Abandoned  the  use  of  that  term,  and  for  this  book  1  have  adopted 
the  three  terma  above  uaod:      <1)  Roadbed,    (S)   trackway,  and   (3) 

The  Interstate  Commerce  Commlsalon  usea  the  word  'line"  when 
referring  to  "roadbed." 

Iibuiy  engineers  use  the  word  "line"  when  referring  to  "roadbea." 

The  term  "main  line"  Is  also  ambiguous,  as  many  people  use  it 
to  Include  "branch"  lines. 

The  word  "branch"  has  no  definite  meaning,  as  a  rule,  and  re- 
tera  merely  to  lines  having  a  tight  traiSc,  and  generally  to  lines  that 
branch  from  the  main  line  and  do  not  carry  "through  trafllc." 

"Spurs"  is  another  ambiguous  term.  A  short  branch  line,  espe- 
cially one  that  aerves  only  one  class  of  traffic.  Is  commonly  called  a 

Logging  "spurs"  are  often  merely  temporary  lines,  too  long  to  be 
called  "sldlngB,"  and  yet  not  of  a  character  worthy  of  being  desig- 
nated as  branch  lines. 

"Sidings"  are  rtiort  lengths  of  track  at  stations,  where  trains 
Mss,  and  where  cars  await  loading  and  unloading;  also  short  tracks 
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•ervlns  factorica,  mllU;  etc.     SliIlngB  merge  Into  "yard  tradU"  ■! 
large  MatlODa. 

Average  Ceit  of  Raflwaya  In  America. — Many  seneralliBtkHia 
founded  on  meager  data  have  been  made  aa  to  Uia  probable  average 
coat  ol  American  rallnaya.  The  Int«ratate  Commerce  Comtniadoo 
receives  annual  reportg  from  all  rallwayi,  and  (tioae  reiwrta  give  ihe 
"cost  o(  road."  The  last  report  ot  the  Commtaajon,  for  the  year 
ISOfl,  gives  the  fnllowlng  as  the  total  of  all  roads,  taken  from  the 
general  balance  aheets  of  American  railways: 

Cost   Of    road tll,E8B,9 12.111 

Coal   of   equipment 831,386.617 

Neither  of  these  figures  mean*  what  it  seems  to  mean. 

The  following  waa  the  total  olleage: 

Single   track    (=  roadbed) »3.S<6 

1st,  ^d.  3d  and  4th  trade    (=trackway) £43.122 

All   tracks,   including  sidings,  eU 311,081 

According  to  this,  the  "cost  of  road"  would  be  tEA.iOO  per  m&e 
of  roadbed,  and  cost  of  equipment  would  be  33,740  per  mile  ot 
roadbed.  The  flrat  la  too  high  and  the  second  la  too  low.  The  "coat 
ot  road"  Is,  in  large  part,  the  price  paid  for  It  by  its  preaent 
awnera;  and,  aa  nearly  all  American  roads  have  changed  baadi 
at  leaat  once,  It  la  evident  ttuit  this  prioa  la  more  nearly  a  function 
of  value  based  on  net  earnings  than  It  Is  a  function  of  actual  coat 
of  conal  ruction. 

The  "coat  of  equipment"  Is  tar  below  the  actual  coat  ot  new 
eaulpment.  alnce  most  roads  report  the  depreciated  or  second-hand 
coat  of  eaulpment.  Indeed,  it  seems  that  aome  roada  report  merely 
B.  nominal  coat  of  equipment  to  escape  taxation. 

The  capital  stock  and  tunded  debt   (=  bonda)   reported  for  I>H 

Funded  debt   ....(   B,0«B.004.T46 

Capital  stock   6,»39,C70,t24 

Total    f  14.e9I.eT4,ST0 

From  this  It  follows  that  the  following  stock  and  bonds  were  out- 
•tandlns  per  mile  of  roadbed : 

Funded  debt   M'.IOO 

Capital   stock    31,200 

Total     f  ST.EOO 

Since  nearly  all  American  railways  have  been  built  with  money 
setured  by  the  sale  of  bonds,  It  la  evident  that  the  average  Ameri- 
can railway  (including  eaulpment)  has  coat  at  leaat  t:t,SO0  p«r 
mile  of  roadbed.  The  capital  atock  largely  repreaenta  the  capital- 
Ixed  value  of  the  net  eamlnga,  although  In  some  Inatancea  It  repre- 
aenta money  actually  expended  In  conatructlon  and  equipment. 

Of  the  176.458,000  spent  In  building  and  equipping  the  1.I4G  miles 
of  the  Northern  PaclAc  Railway  hi  Waahlngton.  38,848,000  was   ex- 
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pended  for  Improvements  (exclusive  of  «qulplnant>  llnce  ttie 
orlKlnal  construcllon.  If  thlB  Is  tsrlcHl  of  average  expenditures 
for  railway  Improvements  throughout  America,  It  would  be  necea- 
Bary  to  add  about  10%  lo  the  (3«,3O0  above  given,  which  Would 
maJce  the  average  cost  of  conetnictlon  and  aqulpment  about  flO.OUO 
per  mile.  It  has  been  the  common  practice  to  malce  moat  Improve- 
ments  out  of  earnings,  without  iemiliiK  bonds;  hence  It  Is  reason- 
ahly  certain  that  American  railways  have  actually  cost  at  least 
>40,000  per  rallo  of  roadbed  for  construction,  land  and  equipment. 
Nor  do  1  believe  that  this  cost  has  been  much  exceeded.  On  the 
other  hand,  the  cost  of  reproducing  the  satne  roads  to-day  would 
probably  exceed  this  sum.  and  mlKht  exceed  It  very  much,  the 
reason  being  that  lend  values  have  appreciated  so  Kreatly  since  the 
roads  were  built.  This  Is  Well  brought  out  elsewhere  In  this  book 
where  the  original  costs  and  costs  of  reproduction  of  Washington 
railway*  are  given. 

Coat  of  Railway  LInei. — In  EnglneerlnK  Uagaitne,  December, 
1S9E,  Mr.  J.  F.  WBllaca  gives  the  following  estimates  of  the  average 
cost  per  mile  of  single  track  roadbed  In  the  United  States: 

Class  of  Railway.  A.               B.  c. 

Right  of  way t  1,000        f  l.GOO  %  E.ooo 

Pnniortlonate  expense  of  terminals. . .  600  1.5t)D  E.OOO 

Bridges  and  culverts l.GOO  3,600  4.000 

Oradng     S.OOO  8.000  li.OOO 

Track  laid    8,000  8,500  7,000 

Ballast    (rock)    S.GOO  S,OOD 

Fencing     100                 400  400 

Telegraph    ZOO               !60  !6» 

Stations  and  water  supply BOO                  800  1,200 

Elnglneerlng    400               GOO  TOO 

Qeneral  and  legal  expenses SOO               400  GOO 

BQulpment.  cars  and  locomotives l.GOO  t.GOO  4,000 

Total     116,100  |!G,3G0  (40.150 

Class  "A"  is  a  branch  line,  2  passenger  and  4  dally  freight  trains 
Ulass  "B"  la  a  secondary  line,  connecting  small  cltiea 
Class  "C"  Is  a  trunk  line,  *0-lb.  rallK 

It  will  be  noted  that  the  Item  of  "Engineering"  la  considerably 
below  what  It  actually  cost  the  various  railways  In  the  state  of 
Washington.     Bee  pages  13DS,  1308  and  following. 

In  fact,  Mr.  'Wallace  la  low.  In  my  Judgment,  on  nearly  every 
Item  enumerated,  excepting,  perhaps,  general  and  legal  expense. 

Cost  of  a  Mlnlno  Railway.— Mr.  John  H.  Pearson  gives  the  fol- 
lowing cost  of  The  Wincheater  A  Beattyvllle  R.  R..  built  In  I8B3. 
The  road  Is  8  miles  long,  and  has  S  mllea  of  track  Including  sidings. 
It  was  built  to  open  up  a  mining  district,  and  It  runs  through  rugged 
country.  No  grades  exceed  1%,  and  the  maximum  curve  was  8', 
except  two  12°  curves.  The  cost  per  mile  of  roadway  (8  miles! 
was  as  f  ollowa : 
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o(  roadbed. 

1,     Prelfmlnary  mrreya |       19 

8.    Locating  wirveyH   IH 

S.     BnslDeerInK  during  construction STB 

4.  Stationery    ,  Ig 

B.     Office  furniture   ( 

5.  Tools     g] 

7.  Qradlng:  roadbed    I.JS) 

8.  Treaties   (at   t2i   per  M  In  place  and  Iron  «t 

9.  Culverts    I !  I !'"'!"!  X '!'!!"!  I  *1B9 

10.  L*Bal    expenses    10 

11.  Right    of    way 4J8 

12.  Cross  lies  <S1  cCa  each)   and  handling «9E 

13.  RaJlg  <5B-lb.  relayers,  at  ^25  per  ton) 2.370 

14.  Track    fastenings     GO* 

IE.  Switches     Hfl 

15.  Ballast  (1,000  cu.  yds.) 33t 

17.  Fenoes  and  cattle  guards 41 

18.  General    expenses    220 

IB.  Tracklaytns  and  surfacing  and  repairs 9G8 

20.  Water   station    ((1,380) 172 

21.  Depot   and   other   buildings    (81.S20) US 

22.  Engines,  cars  and  repairs   (18.013) "» 

13.  Fuel,  oil  and  waste v SI 

S4.  Conducting    transportation    JIl 

26.  Teleeraph    line 

28.  Three  coal  and  luml>er  switches 2,021 

Total    fl3.«E0 

N«t  revenue  from  operation   (MiOOO) Tie 

Balance    tI2.S0O 

Deduct  equipment   714 

Total  cost  of  conatructlon I12,1S< 

Since  there  was  1  mile  of  side  tiai^  to  8  runes  at  roadwa;.  the 
above  costs  Aould  be  divided  by  l.tSG  to  arrive  at  the  cost  per  mile 
of  track.    Multiplying  by  0.9  will  give  almoet  the  same  resulL 

Wages  ware  low  at  that  tlme^  comnion  laborers  recelvtog  (1.ZS 
a  day ;  teams,  IS.GD  ;  single  mule  and  driver,  |1.7S ;  foremen,  f  2.00. 
Cott  of  ■  Logging  Railway,  Pennsylvania. — Mr.  Wtlllam  Barclay 
Parsons,  In  Trana  Am.  Soc  C.  H.,  Vol.  2B,  p.  119,  briefly  dCKribes 
the  location  and  construction  of  7  miles  of  standard  gage  logging 
railroad  built  In  Northweacern  Pennsylvania  In  1890.  The  maxi- 
mum curve  was  18°,  and  the  ruling  grade,  3.3%.  The  country 
was  heavily  wooded  with  hemlock  and  very  rough :  clearing  and 
KTUbblng  costing  (EO  lo  $00  an  acre  for  a  right  of  way  GO  ft.  wide. 
Cuts  wera  10  ft.  wide  and  Alls  12  fL  Log  culverts  were  used  under 
banks  10  ft.  or  leas  In  height.  The  excavation  averaged  nearly 
11.000  cu.  yda  per  mile,  of  which  7.«%  waa  rock;  11%  looM  rocX. 
SC.2%  tou^  clay  (1  pick  to  I  shovel),  and  4E.2%  earth,  moat  of 
which  was  heavy  soil.  The  clearing  and  grubbing,  log  culverts  and 
excavation  when  charged  up  to  (he  excavation  cost  4«K  eta.  per  ca, 
yd.,  or  about  tE.OOO  per  mile.  (The  excavation  alone  probably  coat 
about  40  eta  per  cu.  yd.  The  toughness  of  the  earth  and  the  prea- 
ence  of  roots  mad©  the  excavation  expensive.     Wages  were  prol>. 
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•My  II.J5  per  lO-hr,  day,)     Tda  coat  or  one  mile  of  ftnlahed  road 
on  the  beavleM  part  of  the  line  was  as  follows; 

M.8«  tone  of  40-lb.   rnlls,  at   133.00 (8.074.38 

8$2   joints  complete,    at    |O.EE 192.40 

S.ZOO  Iba    Eplken,    at    10.0226 139.60 

2,000  cross   ties,   Bt    fO.lS 450  00 

Freight   on   materials IBS. 00 

Traoklaylng    400.00 

Qradlns    G.020.S2 

Trestles  (at  (17  per  M  In  place) 250.45 

Surveya,    Inspection,    etc 400.00 

Total  per  mile t9,0S3.82 

Cost  of  a  Short  Branch  Line,  Tcxai — In  1002  a  flrst-class  liranch 
line  was  built  In  Texas  to  sive  ttie  St  Loul«  Southireatern  an 
entrance  Into  DallsB.  The  line  Is  12.13  miles  idngle  track  and  haa 
1.G2  miles  of  stdlngB,  total  Ig.flG  miles  Of  track.  The  line  is  almost 
sntlrely  tangent,  and  follows  a  ridge. 

Total. 

EnglneerinE    f     S.32S 

Oradlng    48,931 

Bridges,  trestles  and  culverts 41.cei 

Ties    36.838 

Rails  (76-lb.>    37,807 

Trsr^k    fastenings    5.694 

a  and  switches ,       1.177 

_ 20.624 

TrackUylng   and    surracinK 9,611 

CroaalnBa.   cattle  guards  and  slgna 1.929 

Total !»310.0»2 

It  will  be  noted  that  land  and  equipment  are  not  Included,  nor 

Interest  during  construction. 

BoglneerlnK  cost  about  3%,   and  tracklaying  and  surfacing  coat 

about  t70D  per  mile  of  track. 

Cost  of  a  Cheap  Railway.  Qaoraia. — Ur.  A.  Pew,  In  Trans.  Am. 

Boo.  C.  E..  Vol  S3,  In  a.  paper  entitled  "The  Cheapest  Railway  In 

the  World,"  gives  the  following  as  the  cost  of  a  19-mlle  railway  In 

Cost  per  mile  of  road  and  track 13.140 

Coat  per  mile  tor  equipment 1,000 

The  roadbed  was  only  10  ft.  wide  In  Alls  and  14  ft  tn  cuts,  and 
the  excavation  averaged  4,000  cu.  yds.  per  mile.  The  excavation 
<wst  only  9  eta.  per  cu.  yd.,  wages  of  laborers  being  tl  I>er  10-hr. 
SsiT.     The  ties  cost  only  10  cts.  each,  and  46-lb.  rails  were  used. 

Report  of  H.  P.  Olilette  to  the  Washington  Railroad  Commlaiion 
on  the  Valuation  of  the  Rallwaya.* — Before  explaining  the  methods 
pursued  In  making  tlie  appraisal.  It  Is  as  well  to  record  the  fact 
that  the  stale  of  Washington  1>  the  first  state  In  the  Union  to  com- 
plete  the  valuation  of  Its  railways  (or  the  express  puriwae  of  using 
these  vaiuee  as  a  baala  for  rate   making.     Only  one  other  State 

*Silfftee«HN^Ca»{nictln0,  April   7.  1309. 
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RanwB7  CammiBtfon  takes  priority  o*er  the  WadiliiKton  BallrMi 
Commlaaloii  in  point  of  time  of  completing  a  valuation  of  tin  raU- 
way*  within  tbe  atate,  namely,  tbe  Texas  Baltway  CommlBslon :  Mt 
It  ihould  be  remembered  that  the  object  of  the  valuation  of  the  rail- 
ways of  TeZBB  was  not  for  tbe  purpose  of  rate  maklns,  but  for  tM 
IiurpoBe  of  limiting  the  iaaues  of  stocks  and  bonds — that  1^  to  pt«- 
vent  "stock  watering" — which  presents  quite  a  different  problem 
from  that  presented  to  the  WashlnKton  Railroad  Commission. 
Vastly  greater  Inleresls  are  at  stoke  than  when  railway  values  an 
to  be  used  merely  to  limit  the  Issue  of  stocks  and  bonds  of  railways 
Chartered  within  the  state.  Hence,  both  the  scope  of  my  InresUn- 
tlon  of  railway  values,  and  the  methods  used  were  radically  dlflei- 
ent  and  necessarily  much  more  complex  than  prevailed  fn  the  Texas 
appraisal.  For  example.  In  the  following  out  of  the  requirement* 
of  the  WaiAlngton  statute,  you  felt  Impelled  to  secure  all  the  data 
enumerated  by  the  Supreme  Court  of  the  United  States  In  the  cd*- 
brated  Nebraska  rate  case  known  as  the  Smythe  v.  Ames  case. 
The  Supreme  Court  held  in  Its  decision  of  that  case  that  a  lale- 
maklng  body  must  consider,   among  other  things: 

First.  The  original  cost  of  the  railway,  plus  Improvements  Mtd 
bettermenta 

Second.     Its  cost  of  reproduction  new. 

Third.  Its  present  value,  ascertained  by  deducting  Its  depred- 
ation from  Its  value  new. 

Prior  to  this  Washington  railway  appraEaaL  no  railway  con- 
mlaalon  In  America  had  ever  attempted  to  comply  with  the  de- 
cision of  tbe  Supreme  Court  In  the  Nebraska  case,  and  t  bellere 
that  all  the  failures  on  the  part  of  other  railway  comminltms  In 
their  rate-making  efforts  may  he  traced  directly  to  their  toiida- 
mental  failure  to  follow  the  Nebraska  rate  case  decision.  Flat  rat* 
making  has  proven  abortive,  l>ecauBa  of  attempts  to  maka  ntca 
without  full  knowledge  of  all  the  factors  which  tbe  Supreme  Court 
has  held  to  be  necessary  In  farming  an  Intelligent  judgment;  and 
prominent  among  these  factors  are  the  original  cost,  tbe  cost  of 
reproduction,  and  the  present  value. 

Two  other  states  besides  Texas  have  made  railway  amralsBlit 
namely  Michigan  and  Wisconsin:  but  In  neither  of  these  Insianess 
was  the  appraisal  made  by  a  railroad  commlaslon.  Both  tM 
Michigan  and  Wisconsin  appraisals  were  made  for  the  purposes  of 
takallon.  and  were  not  governed  by  the  Nebraska  rate  case  dedsioB. 

The  state  of  Washington  Is  the  first  state  to  secure  the  origUMi 
coat  of  the  railways  within  its  boundaries  and  Is,  therefore,  Uw 
Arst  state  to  Investigate  the  accounting  records  of  the  railways  wHll 
the  object  of  ascertelnlng  the  actual  original  cost  and  the  cost  oC 
Improvements  and  bettennentSL 

I  mention  this  fact  not  merely  for  the  purpose  of  putting  on 
record  the  priority  which  the  Washington  Railroad  Commlsdon  can 
Justly  claim  In  following  the  law  as  laid  down  by  the  BuprMOS 
Court  but  for  the  purpose  of  making  clear  the  magnitude  of  tlM 
task  confronting  the  commission  and  its  engineers  and  experts. 
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Sp««Ung  for  mywif,  I  found  the  precedeDta  «aubll^ed  hy 
Teza^  KlchlBBD  and  Wlaconiln  of  little  value,  either  In  deciding 
tb«  roathoda  to.  be  puraued  In  maklnK  the  appralaala  or  In  eatl- 
muting  the  probable  cogt  of  the  appralaaL  1  aacertalned  that  the 
atate  of  Wlaconsln  had  apent  about  (11  per  mile  of  railway  tor 
maklnfc  the  appraiaal  and  the  rallwaya  themaelvea  had  apent  an 
equal  aum,  makluK  a  total  of  about  (22  per  mile  for  the  Joint  worK 
done  by  the  state  and  by  the  railways,  for  they  both  worked  to- 
gether Id  maklnK  the  appralmle.  When  I  Blarted  the  appralwl  of 
the  rallwaya  of  WaehlnBtOn  I  believed  that  the  appraisal  would  cost 
far  loBB  than  fll  per  mile,  and  I  am  glad  to  say  that  the  cost  haa 
actually  been  not  more  than  tlS  a.  mile,  although  I  regret  that 
It  was  even  aa  much  as  that  I  had  no  precedent  to  guide  me  In 
eattmatlng-  the  coal  of  Koing  through  the  accounting  records  of  the 
railways,  and  I  uoderenlmated  the  time  and  labor  Involved  In  that 
undertaKlng.  Railway  accounting  records  nearly  40  yeara  old  had 
to  be  discovered  and  analyied.  I  say  "discovered,"  for  the  rall- 
waya themaelvea  did  not  know  the  nature  of  theea  early  record^ 
even  If  they  knew  of  their  very  existence,  which  In  many  cases 
they  dM  not 

At  thia  point  It  may  be  well  to  explain  that  theae  early  records 
are  far  from  being  worthleaa,  aa  many  persons  have  auumed.  for 
the  aubaequent  Improvements  and  betterments  can  he  added  to  these 
original  coata,  and  thue  bring  the  total  cash  expendlturea  down  to 
date.  This  total  cash  expenditure  Is  a  wonderful  aid  to  the  engi- 
neer In  estimating  the  cost  of  reproduction.  To  lUustrata  by  an 
example,  take  tbe  actual  cost  of  the  Item  of  "Engineer [ng"  on  the 
Northern  Paclflc  Hallway.  Up  to  June  30,  130B.  It  has  amounted 
to  |E,«(IO,0eO  for  the  state  of  Washington,  or  about  S%  of  the  total 
actual  ooat  of  construction  and  betterments.  An  Investigation  of 
this  aeemlngly  high  percentage  disclosed  two  big  Itema.  one  being 
about  $300,000  for  the  exploration  aurveys  In  the  Caacade 
Mountalna  At  the  time  theae  aurveys  were  made,  no  maps  were 
in  existence,  and  the  railway  englneera  were  compelled  to  explore 
the  entire  Cascade  Range  from  the  Canadian  boundary  south  to 
the  Columbia  River.  To-day,  In  reproducing  the  Northern  Faclllc 
Railway,  no  auch  elaborate  exploration  la  necessary,  and,  if  it  were 
eliminated,  the  coat  of  engineering  would  be  reduced  to  t:,6oa,000. 
In  like  manner  certain  other  Itema  of  engineering  would  be  reduced, 
ao  that  tbe  total  coat  of  englneerlns  should  not  exceed  12,500,000, 
which  ia  the  aum  that  I  used  In  eathnatlng  the  Item  of  engineering 
when  making  my  estimate  of  the  cost  of  reproduction.  It  would 
taka  aevenU  hundred  pagea  to  explain  my  analysis  of  the  orlgiDaJ 
coat^  and  my  uM  of  the  data  thus  obtained  in  guiding  my  judg- 
ment aa  to  a  proper  allowance  for  the  coat  of  reproduction  of  earA 
Item.  I  wlah,  however,  to  aay  had  I  not  secured  the  original  coua 
J  am  positive  that  my  costs  of  reproduction  would  be  nothing  betl^r 
than  engineering  guesaea  In  so  far  aa  certain  Itpme  are  concemiid. 
piOT  example,  the  coat  of  grading,  eqieclally  through  rough  Bad 
DMontalnoua  country  cannot  be  accurately   aacertalned   to-day   by 
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any  ensina«r  not  possesaeil  of  tbe  orlglDBl  recorda  showlnx  Um 
Quantltlea,  and  clasatflcation  of  excavmdon,  or  of  the  actnal  coMs  at 
dolus  th«  gradlnc  worlc  It  l>  true  that  In  the  entire  abMoce  at 
original  records  of  any  tort,  an  onginMr  can  so  Into  the  field,  and 
crora-aectlon  the  exIatlnK  "cuts"  and  "fllls,"  and  make  an  estimate 
of  yardage  of  the  dllfarant  claaacs  of  excavation,  but  I  should  never 
do  this  except  aa  the  very  leM  resort,  and  then  with  the  determina- 
tion of  adding  a  very  larKe  percentage  for  contlnKendea. 

I  may  atale  at  this  point  that  one  of  ttia  most  potent  reasons  for 
■ecurlns  the  orl^nal  quantities  and  orlftlnal  costs  ia  to  etbnlnate 
the  Item  of  "contlnKencles"  entirely.  It  sound*  little  enough  ta 
speak  of  10%  added  for  "contlngenclef^"  but  It  would  have  meant 
adding  ]uat  16,000,000  to  mr  eathnate  of  the  Northern  Pacific  Rall- 

Keverllng  br[ellv  to  the  cost  of  appraising  the  railways  o(  WbA- 
fngton,  attention  should  be  called  Co  the  lack  of  logic  In  estimating 
the  cost  of  such  appralaals  In  terms  of  the  mile  as  the  unit.  The 
Wisconsin  appraisals  cost  (IS  a  mile,  but  the  Wisconsin  railway* 
have  an  spprHlsed  value  of  only  f  30,000  a  mile ;  hence  the  Wis- 
consin appraisal  cost  TO  eta  per  11,000  appraised.  The  Wash' 
Ington  appraisal  cost  flS  a  mile,  but  the  Waahlngton  railways  have 
an  appraised  value  of  fED.OOO  per  mile;  hence  the  Washington  ap- 
praisal cost  20  eta  per  ¥1,000  miprBlaed,  as  against  TO  cts.  In  Wla- 
consln.  There  Is  not  the  sUghlest  dout^  that  It  costs  more  per  mile 
to  appraise  a  line  worth  100,000  a  mite  than  to  appraise  one  costing 
1iO,000  a  mile,  If  the  same  methods  of  appraisal  ai«  used;  for  tlM 
160,000  line  contains  many  more  structures  and  details  per  mile, 
and  higher  land  valuer  Involving  mare  labor  on  the  part  of  both 
accountants,  engineers  and  right-of-way  appralsera  If  this  la  so. 
It  Win  be  asked  why  the  Washington  appisloal  cost  leas  per  mile 
than  the  Wisconsin  appralml.  An  answer  leads  me  Into  the  nibject 
of  the  methods  used  In  making  the  Wasfalngton  MMimlMl,  for  npon 
those  methods  depends  the  relative  economy, 

Ifsthod*  of  Afpraiaal. — Before  entering  upon  the  tsutt  of  apprais- 
ing the  Washington  railways  I  had  secured  all  desired  Information 
as  to  the  appraisals  at  the  railways  In  Texa^  Michigan  and  Wis- 
consin. I  also  saw  the  engineer  of  the  Minnesota  Railway  and 
Warehouse  Commission,  who  had  been  engaged  for  six  months  on 
the  appraisal  of  the  Minnesota  rallwaya  I  found  that  the  Wis- 
consin and  Minnesota  methods  of  appraisal  were  practlcatty 
Identical  Both  slates  furnished  printed  blanks  to  the  rallwaya,  and 
required  the  railways  to  make  a  detailed  estimate  of  the  coal  ol 
their  own  property.  Upon  securing  such  eBtlmates,  the  stateif  engi- 
neers checked  up  the  appraisal.  This  method  Is  advocated  largely 
on  the  ground  that  It  avoids  duplicating  the  eicpenae  of  an  apprai^U 
the  assumption  being  that  each  railway  Itself  will  make  Its  tfwn 
appraisal  In  any  event,  whether  asked  to  or  not  TTierefore,  If  the 
railway  ts  required  to  make  Its  own  appraisal  first,  the  state's  engi- 
neer need  not  go  through  all  the  details,  but  can  accept  most  tit 
the  mailer  after  a  more  or  less  cursory  InspectlOQ. 
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1  waa  wholly  diuatiafled  with  thla  method,  for  T  relt  that  It  would 
nwko  It  alUMWt  Imperative  tor  me  to  accept  the  apprataali  made  bf 
the  rallwaya,  praotlcaUy  at  their  own  nguraa,  or  to  undertake  la 
tha  end  what  I  could  ]uBt  as  well  undertake  In  the  beglDnliiE, 
namely  an  Independent  InveatlEaClon  of  my  own.  I  need  scarcely 
aay  that  the  resulta  at  the  Inveatlgatlon  have  served  to  conflnn  my 
position  on  thla  point 

Neither  the  state  ot  UlnneBota.  nor  WlacoiiHln  had  gone  Into  the 
matter  ot  the  actual  cost  of  the  orlgliial  railway  property.  This 
seemed  to  me  a  serious  omission,  not  merely  because  of  the  Ne- 
braaka  rate  case  decision,  but  becsuae  of  the  Invaluable  data  that 
an  Inveatlcatlon  Into  actual  costs  would  disclose. 

In  eatlmatlng  the  present  or  depreciated  value  of  atructurca. 
rollins  stock,  etc.,  both  Hlchlgao  and  Wisconsin  had  aent  experts 
Into  the  fletd  to  estimate  the  percentage  of  preeent  value  of  each 
unit.  In  this  manner  40,000  freight  cars  were  Inspected  In  Michi- 
gan, and  their  "present  value"  estimated.  To  me  this  seemed  to  be 
not  only  a  useless  procedure,  but  very  erroneous.  Aalde  from  Iha 
sreat  expense  of  thus  Inspecilns  each  car  and  structure,  1  waa  ta- 
fluenced  by  a  belief  In  the  far  greater  accuracy  of  applying  what 
might  be  termed  "mortality  tables  of  structurea"  If  the  age  of  a 
man  la  known,  bis  expectation  of  life  can  be  estimated  from  mor- 
tality tablea  Insurance  companies  do  not  have  their  doctors  guesa 
at  the  man's  probable  life.  The  doctor  merely  reports  the  man  as 
not  suffering  from  dlaeaae,  and  the  Insurance  company  having  the 
man's  age,  appUea  Its  mortality  tables.  In  like  manner,  It  seemed 
to  me,  the  "present  value"  of  a  car  or  locomotive  could  be  accu- 
rately estimated  If  Its  present  age  were  known.  It  is  a  Well- 
eatabU^ed  tact  that  a  freight  car  has  a  useful  life  exceeding  20 
or  25  yrs.  If  the  average  car  has  a  life  of  2S  yra..  It  loses  4%  of  its 
life  every  year.  Hence,  by  multiplying  Its  age  In  yeara  by  4%,  Its 
lost  life  or  depreciation  la  accurately  ascertained ;  and  by  sub- 
tracting thla  depreciation  from  100  the  remainder  will  give  Its 
"present  value,"  expressed  as  a  percentage  of  Its  value  new. 

I  believed  that  It  would  t>e  far  less  expensive  to  ascertain  the  ag9 
of  tach  car  and  each  structure  from  the  recorda  of  the  companies, 
and  to  estimate  the  preaent  value  by  the  method  Just  explained, 
than  to  Inspect  each  structure  In  the  Held.  This  proved  to  be  th'> 
case,  and  It  effected  a  very  substantial  saving  In  tha  cost  of  a-j- 
pralaal,  while,  at  the  aame  time.  It  yielded  more  reliable  results. 

lu  tome  cases  the  records  In  the  engineering  offices  of  the  rall< 
it-ays  did  not  show  the  ages  of  existing  structurea,  but  In  such  cases 
their  accounting  records  showed  the  dates  when  structures  were 
built,  or  when  cara  were  purchased. 

If  practically  all  the  structures  shown  In  the  accounting  records 
are  still  In  existence,  and  the  money  expended  each  year  for  eacti 
claas  of  structure  Is  known.  It  Is  a  very  simple  matter  to  figure  tht> 
average  age  of  the  money  Invested  In  auch  structures,  which,  after 
all,  la  what  Is  needed  In  estimating  present  value.     To  Illustrate. 
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■oppose  there  «r«  a  mimb«r  of  MatloD  buUdlnss  In  eilatsDCB^  wtMM 
■ge  la  not  known.  Huppoae,  hoKerer,  that  tlO.GBO  was  speat  lor 
Mich  bulldlDKB  In  IS»t,  tlO.OOa  In  1900,  and  16,000  In  19SZ.  Ttua, 
In  1306,  the  averagn  ase  of  the  money  Invratad  Id  theae  buUdInc*  la 
■acert&lDed  Ihua: 

SIO.GDO  X  10  yra.  equa.li  1106,000  one  year 
20,000  x  g  yra.  equala  IISO.OOO  one  year 
f&.OOO  X     4  yra.  equals     (20,000  one  year 

tSS.GOO  i:    T  yra.  equals  |Zte,fiOO  oae  year 

Thia  Klves  a  total  of  fSS.EOO  Invested  T  yrs. ;  for  |3G.Cng  X  I  yr& 
equala  (248.000  one  year. 

The  rule  to  be  followed  In  all  auch  caaea  la  to  multiply  the  momr 
expended  each  year  tor  structures  ol  a  xlven  class  by  the  ace  Bi 
year^  add  all  these  products  together,  and  divide  by  the  total 
cost  of  all  the  structures  under  conslders.tlon.  The  quotient  Is  tM 
average  age  of  all  the  atructurea.  or.  more  strictly  speaklns.  tha 
average  age  of  the  money  Inveated  In  the  structurea.  If  aome  of 
the  atructuree  are  no  longer  In  existence,  thIa  method  can  still  be 
applied.  Take  railway  croaa-tleat  for  example.  Ascertain  the  total 
value  of  croBS-tlea  In  the  track,  then  go  back  throu^  the  recoida 
of  coat  and  tie  renewaia,  by  year^  until  the  total  cost  o[  the 
renewals  adds  up  to  the  total  value  o(  ties  now  la  the  track. 
Then  compute  the  average  age  as  at>ove  shown.  It  the  price  of  tlis 
baa  fluctuated,  aacertaln  the  actual  price  paid,  and  reduce  all  yearly 
expenditures  o(  renewals  to  the  present  price. 

It  will  be  Impossible,  aa  well  as  undesirable,  in  a  r^mrt  of 
thla  -character,  for  me  to  indicate  all  the  methoda  pursusd  in  the 
appraisal  of  railways,  but  some  of  the  radical  departures  frem 
precedent  ^ould  be  outlined,  particularly  wliere  a  result  is  secUTHl 
In  more  thorough  or  in  a  more  economic  manuer.  Moreover,  any 
chief  engineer  who  may  be  In  your  employ  In  the  future  will  M 
greatly  handicapped  without  an  outline  of  the  methods  pursued  In 
this  original  appralaaL 

In  aearchlng  the  records  of  the  railways,  I  did  not  conlSne  myaeU 
merely  to  their  engineering  and  their  accounting  bookSi  but  olUn 
found  missing  links  of  Information  In  the  moat  Incongruous  places, 
The  Oregon  Railroad  A  Navigation  Company,  tor  example,  had 
practically  none  of  Its  "construction  ledger^"  and  at  first  we  de- 
spaired of  being  able  to  piece  together  a  complete  [temlied  summary 
of  original  cost  Finally  we  found  an  old  tlsaue  copy  book,  Uook 
No.  61,  at  the  Aah  SL  Dock  In  Portland,  conlalning  coplea  oI  the 
audltor'a  distribution  sheets  ahowlng  coita  of  engineering,  grad- 
InK,  etc,  etc. 

Pot  several  months  our  work  waa  considerably  retarded,  not  only 
by  the  reluctance  of  several  of  the  railway  companies  to  assist  us 
In  finding  their  records,  but  by  the  incompleteness  of  the  records 
When  found.  Little  by  little,  however,  we  were  able  to  All  In  the 
gaps,  until  there  remained  not  10%  of  the  original  uuLScertalned. 
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VOT  the  guidance  of  any  englnaerH  whom  70U  roay  employ  In  the 
future,  I  give  a  llBt  of  the  moHt  Important  recordB  to  be  looked 
for  In  making  an  appraisal  of  this  character. 

1.  Animal  reports  to   Htockholdcre. 

2.  Annual  reports  to  Interstate  Commerce  Commlssjon. 

S.  Annual  report  of  chief  engineers  and  superintendents  to  the 
president  of  the  road. 

I.  Reports  of  minor  officials. 
B.      Progresa  protllea 

i.     Cross-section  and  quantity  books. 

T.     Final  estlmatea  on  contract  work. 

8.     Tissue  copy  books  of  final  estimates. 

8.     Ball  and  ballast  charts. 

14.     Bridge  books   (engineering  department). 

II.  BullOlng  books. 
]i.     Work  orders. 

IJ.     A.  F.  E.'s    (authorisation  for  expenditure). 

14.  Accounting  records  (a)  Construction  Ledgers,  (b)  Oeneral 
IjOdgera  and  their  accompanying  Journal^  (c)  Vouchers,  Regls- 
tars,  <d)  Vouchers,   (e)  Auditor's  Distribution  Sheets,  and  the  like. 

16.     Equipment  Registers. 

It.  Distribution  Book,  or  Disbursement  Accounts  Books,  contain- 
ing directions  for   accountants  to  follow. 

IT.     Confidential   Reports. 

In  my  Judgment  the  first  step  to  be  taken  In  appraising  a  rail- 
way Is  to  ascertain  its  physical  and  financial  history.  For  this  pur- 
pose the  annual  reports  to  stocktioldera  are  an  invaluable  source  of 
Information.  By  a  perusal  of  these  reporta  an  historical  map  or 
Chart  can  be  prepared  showing  the  limits  of  each  "tonstnietlon 
division"  or  branch  of  tha  railway,  and  the  dates  of  beginning  and 
completing  the  construction  work  on  it.  The  present  "operating 
divisions"  often  have  the  same  names  as  certain  "construction 
divisions"  of  the  road,  but  wholly  different  limits.  Hence  the  ne- 
cessity of  an  historical  map  In  order  to  avoid  contusion  In  Interpret- 
ing the  accounting  records  of  the  road. 

Having  prepared  a  map,  and  a  brief  history  of  the  road,  the  next 
step  should  be  an  investigation  of  the  accounting  department  ree- 
orda  The  tendency  of  a  civil  engineer  Is  to  go  to  the  engineering 
records  first,  but  this  Is  a  mistake,  (or  the  accounling  records  are 
usually  kept  In  a  mucli  better  shape,  and  contain  fewer  gaps.  Prom 
the  construction  ledgers,  an  Itemized  account  of  the  original  cost  of 
each  construction  division  la  secured,  and  having  been  secured,  the 
ne«t  stop  Is  to  check  It  by  tha  records  of  the  engineering  depart- 
ment, where  quantity  t>ookB  and  tissue  copy  hooks  of  final  esti- 
mates paid  to  contractors,  and  the  like,  are  usually  to  be  found. 
Freeiuently,  however.  It  happens  that  a  line  has  been  purchased,  ana 
that  only  the  engineering  records  were  transferred  at  the  time  of 
In  which  event  it  may  b«  Impossible  to  secure  the 
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KCcountlnK  recordii  except  by  goliiK  lo  the  original  <nmen  of  the 
property. 

HavlDK  Kone  rabidly  tbraugh  all  the  BocoimUns  aad  eoglntertog 
recordB  to  aacertatn  what  sapa.  It  any,  exist  as  to  orlgtiud  conMruo- 
tlon  data,  the  next  step  la  to  put  englneera  Into  the  Oeld  to  supply 
tha  mlaalng  UdIu  by  actual  Inspection,  measurement,  et<^  An 
attempt  to  estimate  by  field  survey  should  be  the  last  resort,  not 
only  on  account  of  the  Kreater  coet  oT  field  work,  but  because  Ot 
Itfl  greater  Inaccuracy,  and  finally — ^but  not  to  be  Ignored — beenust^ 
tn  case  of  a  legal  dispute  as  to  the  estimated  cost,  field  surveys,  and 
estimates  made  by  different  engineers  are  mtely  to  differ  widely. 
There  Is  always  so  much  that  cannot  be  seen,  like  the  foundation  of 
bridges,  the  percentage  of  loose  rocks  In  embankments,  etc..  that  a 
field  survey  should  be  used  only  as  a  last  resort.  And,  In  our  ap- 
praisal oC  the  Washington  railways,  field  surveys  were  made  (Wly. 
tor  a  very  small  percentage  of  the  total  mileage 

A  field  Inspection  of  every  mile  of  track  should  be  made,  prefer- 
ably by  an  engineer  riding  on  a  handcar.  This  engineer  should  be 
provided  with  complete,  up-to-date  profiles,  and  small  scale  plans 
of  the  road,  showing  all  structures  and  their  dlmensloiiB,  etc.  1 
made  the  mistake  of  accepting  the  existing  profiles  and  plans  lor 
use  by  the  field  Inspectora  These  records  were  ao  often  Incorrect, 
through  not  having  bech  kept  up  to  date,  as  to  cause  much  unnec- 
essary work  subsequently  In  checking.  Haste  Iti  sending  out  field 
Inspectors  is  a  mistake,  as  field  inspection  of  this  sort  Is  the  most 
Inexpensive  Item  of  an  appraisal,  and  can  be  quickly  done  even  with 
a  comparatively  small  force.  Ons  man  (m  foot  will  Inventory 
at>out  12  miles  of  ordinary  track  each  day,  or  twice  that  amount 
on  a  handcar.  Field  Inspection,  therefore,  should  not  be  begnn 
until  corrected,  up-to-date  profiles  and  maps  have  been  prepared, 
and  until  the  Investigation  of  the  engineering  records  has  been  car- 
ried far  enough  to  disclose  the  particular  structures  upon  which 
the  office  records  are  Incomplete.  By  doing  this,  the  field  Inspec- 
tion resolves  Itself  Into  a,  checking  off  of  structures  with  an  occs- 
alunal  pause  to  measure  some  structure  on  which  the  office  records 
are  detective. 

The  appraisals  heretofore  made  in  other  statea  have  been  based 
almost  entirely  upon  field  sur^'eys  and  Inspection,  do  sttempt  having 
been  made  to  secure  the  necessary  data  from  the  engineering  and 
accounting  records  of  the  railways.  Why?  The  answer  Is  found  la 
the  purpose  of  the  ^pralsal.  As  previously  stated,  the  purpose  ol 
the  appraisals  In  Texas,  Michigan  and  Wisconsin  was  not  the  same 
purpose  as  In  Washington.  Where  the  purpo's  ■■  taxation,  a  rail- 
Way  naturally  seeks  a  low  valuation  (or  Its  property,  hence  it  pre- 
fers to  refuse  access  to  Ita  own  records,  believing — and  believing 
rightly — that  what  cannot  be  seen  with  the  eyes  will  not  be  likely 
to  appear  In  the  appraisal.  An  appraisal  by  field  examlnallon 
•holely  Is  very  apt  to  be  below  the  true  value  of  the  property,  hence 
the  acceptabllUy  of  such  an  appraisal  by  the  railways  where  taxa- 
tion is  the  purpose  of  the  appraisal. 
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Severs]  of  the  prtnclpi,!  railway  syatem  In  WaAilnston  at  Urst 
reaUted  our  efforts  to  secure  the  records  tn  tbeir  officer  aad  itated 
thtiv  the  records  were  so  Incomplete  aa  to  be  valueleas.  Id  some  in- 
stancea  I  have  no  doubt  that  this  was  an  honest  opinion.  I  am  In- 
clined to  believe,  however,  that  their  motive  In  reaisting'  an  ex- 
amination of  the  records  was,  in  some  cases  at  least,  to  secure  an 
appraisal  which  could  be  fought  in  the  courts,  and  prolnbly  upset 
\tY  documentary  evidence  to  prove  Its  unrellHblllty  In  parti^  !(  not 
In  Its  entirety.  Therefore.  I  hold  to  the  belief  that  an  InveBtlgatlon 
of  t>oth  the  accounting  and  enKlneerlng  records  of  the  railways 
would  have  !>««>•  the  best  policy,  even  had  It  coat  many  times  what 
It  did  coHt  And,  to  ahov  my  reaaon  for  thla  belief.  I  will  cite 
JuHt  one  example.  In  testlfylnK  before  your  honorable  body,  Mr. 
Horelajid.  chief  engineer  of  the  Oreat  Northern  Railway,  has  esti- 
mated the  coat  of  earth  excavation  to  be  made  up  of  three  different 
ltem4  as  follows: 

Average  contract  price  up  to  1,000  ft  haul t0.!30 

Average   overhaul    O.oas 

Tmnsportatlon   of  men's  tools,   supplies (I.04S 

Total    t0.3IO 

Had  we  not  secured  the  actual  records  In  the  Oreat  Northern 
offlcea.  It  might  have  traen  a  dlfflcult  matter  to  convince  the  court 
that  the  last  two  Items  of  the  above  eatimate  are  ridiculously  high. 
Having  the  records,  It  will  not  ■»  so  difficult.  For  example,  the 
actual  cost  of  the  item  of  "average  overhaul"  was  Just  one-seventh 
of  Mr.  Hoxeland's  estimate,  or  one-half  cent  per  cubic  yard,  as 
ahown  In  my  statement  of  the  actual  cost  of  construction  of  the 
Great  Northern  Railway  In  the  state  of  Washington.  The  Item  of 
transportation  of  men  was  similarly  overestimaled. 

I  will  not  enter  Into  such  details  further,  but.  In  Justice  to  myself 
and  you,  I  feel  It  my  duty  to  explain  why  a  departure  from  prece- 
dent (n  ratlwav  appraisal  uoi  the  betl  poUcv.  Such  an  Illustra- 
tion as  the  above  will  serve  better  than  many  generalities  to  show 
the  character  of  the  reasons  for  our  exhaustive  Investigations  Into 
the  original  coat  of  the  railways  of  this  state.  Were  you,  as  a.  court, 
or  were  any  other  court,  confronted  by  the  conflicting  teatlraony 
of  exiwrt  engineers,  It  would  be  dlfflcult  to  arrive  at  a  Just  opinion 
as  to  proper  quantities  and  prices,  unless  the  actual  data  were  avail- 
able  to  guide  you.      The  data  are  available  end  are  now   In   your 


I  have  not  touched  upon  the  very  Important  matter  of  the  ap- 
praisal of  the  rolling  stock,  or  equipment,  further  than  to  say  that  I 
did  not  make  a  field  Inspection  of  IL  The  office  records  were  so 
complete  that  Rich  an  Inspection  was  superfluous,  and  for  the 
reason  above  given.  In  order  to  apportion  to  the  slate  of  Washing- 
ton its  share  of  the  cost  of  the  ndllng  atodc  It  was  neceaaary  to 
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appralM  the  entira  eaulpment  of  every  naiway  ■j'stem  «ita1ii( 
tbe  Btate.  Thla,  In  Itself,  la  no  slight  task.  Several  slates  tftonld 
■hare  the  cost  of  appralaiog  the  equipment  of  the  rallware.  ao  that 
the  whole  cost  would  not  fall  on  one  slate,  as  In  tbts  tnManca 

If  Washington.  Idaho,  Montana,  the  DaJutaa  and  HlnnesotA 
could  have  acted  in  concert,  the  cost  of  railway  appraisal  vooM 
have  been  very  much  less,  not  only  because  of  the  dlstrltnitton  of 
the  cost  of  appralslnK  the  equipment,  but  because  of  the  facility 
with  which  an  entire  railway  system  can  be  appraised  once  an 
engineer  becomes  familiar  with  the  accounting  and  engineering  rec- 
ords of  that  railway  system.  For  this  reason,  as  well  oa  for  others^ 
the  railroad  coDunissloners  of  certain  groupe  of  states  should  Rrlva 


The  appraisal  of  rlt^t-of-way  lajids  and  station  grounda,  aa  Ikr 
as  present  value  goes,  was  delegated  principally  to  three  right-of- 
way  experts,  men  who  had  been  buying  lands  for  railway  puiposss 
In  Washington  and  were  familiar  with  prices.  Tour  honorable  body 
adopted  a  method  of  arriving  at  land  values  which  was  entirely 
novel,  and,  to  my  mind,  a  vast  improvement  over  any  other 
method  hitherto  used  in  other  stales.  The  method  consists  in  call- 
ing  In  real  estate  men  In  all  the  large  cities,  and  securing  testl- 
inony  from  those  men  as  to  laud  valuea  Your  honorable  body, 
silting  as  a  court,  hears  the  testimony  not  only  of  the  regularly  em- 
ployed right-of-way  experts,  but  of  expert  real  estate  witnessw 
which  those  right-of-way  experts  have  consulted,  and  other  r«al 
estate  experts  which  tbe  railways  may  bring  In.  Hitherto  tIM 
practice  has  been  to  examine  all  real  estate  transfers  within  a  cer- 
tain distance  of  the  railway  property,  and  for  a  period  of  year* 
prior  to  the  appraisal,  and  to  base  the  appraisal  upon  these  trans- 
fers. Bince  property  for  railway  purposes  usually  costs  more  thsa 
far  other  purposes,  it  is  necessary  to  multiply  the  value  ascertained 
from  transfers  of  adjacent  property  by  some  factor,  this  tsctw 
being  ascertained  from  expert  testimony  or  otherwise.  Unfortu- 
nately the  records  of  the  real  estate  transfers  are  not  the  beet  erl- 
dence  of  the  value  of  the  property  transferred.  Indeed  tbe  reeonu 
are  often  made  so  as  to  conceal  the  real  value  of  the  property.  HVir 
this  reason  alone  the  method  devised  by  your  honorable  body  Is 
much  to  be  preferred.  Moreover,  it  is  a  leas  expensive  method  of 
appraising  lands. 

As  to  my  methods  of  appraisal  I  need  ear  little  more.  Uy  tftl- 
mony  before  vour  honorable  body  is  oomplete  on  those  matters,  bul, 
being  of  great  length.  I  have  thought  It  wise  to  summarise  certain 
features  in  this  report,  giving  also  a  few  suggestions,  which  mST 
assist  any  engineer  who  may  he  In  the  employ  of  the  Washington 
Batlroad  Commission  In  future. 

it  Is  needless  to  tell  you,  but  for  the  salce  of  public  record  1 
desire  to  say  that  on  all  the  smaller  railways  in  Washington  I  WU 
given  most  courteous  treatment,  and  had  ready  access  to  all  r*^ 
ordK    On  the  three  largo  systems,  namely  the  Qrsat  Northern,  tM 
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Ksrtlieni  Paclfle,  and  the  Oreson  Railway  t  Navicatlon  Com- 
pajv,  I  met  with  much  reBlBtance  at  llrHt.  and  lost  several  months  ol 
tlms  tn  cODMauence.  Denial  aa  to  tbe  existence  of  certain  Important 
record!  wbb  repeatedly  made — records  that  I  subsequently  found. 
Possibly  these  denials  were  made  In  good  faith,  but,  since  free 
access  to  all  records  was  not  given  me  iy  the  Oraat  Northern  and 
the  Northers  Faclflc  tor  a.  long  time,  and  then  only  after  I  pieced 
together  enoui^  Information  to  prove  the  existence  ol  the  desired 
records,  my  work  was  greatly  retarded.  I  think  that  these  rail- 
ways came  ultimately  to  see  that  It  was  an  error  not  to  put  all 
records  at  my  disposal,  and  all  1  regret  Is  that  they  were  not 
prompt  In  reaching  that  conclusion.  I  regret  It  not  only  because 
of  the  Increased  cost  of  the  appmlsal,  but  because  I  had  business 
duties  Id  New  Tork  that  made  my  return  Imperative  at  as  early  & 
date  as  possible. 

In  conclusion  I  wish  to  express  my  hearty  appreciation  of  the 
loyalty  and  seal  with  which  my  assistants  worked.  Those  In  the 
most  important  positions  worked  not  only  by  day  but  by  night.  I 
know  of  no  one  who  seemed  swayed  by  the  fear  of  "working 
IilmseU  out  of  a  Job."  Hy  two  principal  assistants,  Mr.  HYancla 
W.  Collins  and  Hr.  H.  L.  Oray,  deserve  special  recognition  In  this 
report  tor  upon  them  fell  the  brunt  of  the  tadc  Hr.  Collins  was 
located  In  Bt  Paul,  at  the  offlces  of  the  Great  Northern  and  the 
Northern  PacEdo  railways,  with  a  corps  of  men  under  his  direction. 
Mr.  Gray  was  located  In  Portland,  In  the  Offices  Of  the  Oregon 
Railway  *  Navigation  Company,  with  i»  similar  corpa 

To  your  honorable  body  I  wish  to  express  my  sincere  thanks  for 
the  many  valuable  BuggeBtlons  that  came  from  you  as  to  the  con- 
duct of  my  appraisal.  I  wish  It  were  possible  for  me  to  convey 
to  the  people  of  Washington  my  unbiased  opinion  of  your  honor- 
able body.  As  a  non-resident  my  opinion  Is  unbiased.  I  believe 
you  have  shown  great  wisdom  In  not  allowing  yourselves  to  be 
hurried  Into  action,  for  the  sake  of  belny  able  to  point  to  "remilta" 
No  ordinary  dtlien  can  realise  the  magnilude  and  the  Intricacy  Of 
the  problem  before  you.  It  can  become  appalling  only  to  one  who 
has  come  face  to  face  with  It,  and  has  delved  Into  Its  details.  Oa 
far  OS  t  know,  you  are  the  flrst  state  railway  commlaslon  In 
America  that  has  not  allowed  Itself  to  be  drawn  Into  action  on  rate 
mnltlng  before  securing  the  fundamental  facts  that  should  govern 
such  action.  One  of  those  fundamental  facts  Is  the  physical  value 
of  the  railways  In  the  state,  A  physical  valuation  la  absolutely 
essential,  If  for  no  other  purpose  than  to  determine  a  reasonable 
amount  to  set  aside  annually  from  earnings  to  cover  the  depreci- 
ation from  natural  agencies  and  from  wear  and  tear.  Tell  me  tne 
physical  value  of  a  given  structure,  and  I  can  estimate  Its  de- 
predation In  dollars  closely.  Conceal  that  value,  and  I  am  utterly 
in  the  dark.  It  has  become  the  fashion  to  "poo-hoo"  the  necessity 
of  a  physical  valuation  of  railways  by  commissions  hjiving  rate- 
making  powera  Even  had  the  Supreme  Court  not  ruled  as  to  the 
necessity  of  a  physical  valuation,  the  necessity  would  exist.  If  for 
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■M  Other  rMMon  tluui  to  Mlv«  tho  Important  i^oblam  at  annual  4e- 
prcclatlOD. 

Original  Colt  and  CoM  of  Production  of  tha  Oroat  Norttram  Rail- 
way (7BB  MIlea)  In  tho  Statt  of  WaahlnBton.*— Tbta  article  irlll  con- 
tain data  tliat  have  not  hitherto  appeared  In  print.  In  fact 
the  detailed,  actual  ooat  ol  conatmctlon  of  no  larKO  mlleax*  of 
American  ratlwar  ha*  ever  before  been  publlabed,   n  far   aa  ve 

Two  yeare  ago  the  Railroad  Commlsoloii  of  Wa^lnKton  con- 
ducted a  hearlns  at  nhlch  the  data  collected  by  the  Chief  naisl- 
neer  of  the  Commlulon.  Mr.  Halbert  P.  OlUette.  were  put  In  evi- 
dence, together  with  teetimon;  aa  to  the  methode  ueed  In  aecorlns 
the  data.  Mr.  Gillette  eubaeauently  condensed  hie  testimony,  aa  to 
■ourcea  of  Information  and  general  methodB  used,  Into  a  brief  re- 
port which  formed  part  of  the  annual  report  of  the  Commlsalan, 
and  was  reprinted  In  BnginenHnff-CoiUnicUng,  April  1.  1909.  It 
WBB  obviously  Impracticable  to  print  In  the  report  the  maaa  of  type- 
written Btotlstlcs  forming  Mr.  Glllette'i  exhibit!,  so  the  ComnUa- 
■Ion  wisely  printed  only  tho  results  a(  Its  "flndlngff'  after  listening 
to  testimony  submitted  by  the  rallwaya 

The  gathering  of  the  data,  kept  a  corpe  of  Mume  10  engineers 
and  land  experts  busy  for  a  year  In  the  ofBce  and  In  the  Held. 
Many  of  the  data,  are  of  a  character  meriting  putdldty.  We  have. 
therefore,  selected  the  most  Important  parts  from  Ur.  Gillette's 
exhibits  and  testimony,  and  will  publish  them.  The  llrst  Install- 
ment Is  In  the  present  article  and  relates  to  the  Great  Northern 
Railway. 

The  major  portion  of  this  road  In  Washington  was  built,  aa  a 
Bingle-track  line.  In  the  years  1891  to  1894.  It  was  built  by  con- 
tract nt  reasonable  prices,  and.  In  spite  of  the  fact,  that  a  rugged 
range  of  mountains  was  crossed,  the  original  cost  ot  *8M  miles  of 
line  was  only  J2I,BTS,7SO.  aa  shown  by  the  accounting  records,  or 
M4,4O0  per  mile,  Including  right  of  way  and  all  costs  except  roll- 
ing stock.  As  will  be  noted  below,  the  Item  of  engineering  was  1% 
of  the  total  cost. 

While  the  accounting  records  of  the  Great  Northern  did  not  con- 
ply  preclerfy  wllh  the  requirements  Of  the  Interstate  Uocnnierce 
Conunlsslon,  still  the  departures  were  few — end  for  the  tieat — so  the 
Items,  Bi  given  below,  are  practically  seit-ezplanatory. 

The  section  of  line  whose  costs  follow  embraces  the  line  a* 
originally  built  (not  Including  subsequent  additions  and  Improve- 
ments) from  the  Ida  ho- Washington  boundary  to  Everett,  from 
Seattle  to  Belfast,  and  from  Anacortea  1o  Rockport,  a  total  distance 
of  487. fl  miles.  The  original  cost  of  this  mUeage  was  as  shown 
In  Table  VI. 

*Snefneenng~Contractlna,  Dec.   8,  1»0». 
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fer  aile 

Item.  Total.  Roadbed. 

1.     Enclneerlng    t  C43,5ia.3y  I   ],31» 

*.     Bl^t   of   way 1,978,874.63  4,068 

3.  Real    estate     112,084.64  X3» 

4.  Clearing;  and   Krubblns 838.157.05  l.UUS 

8.     Oradlns     G.S34.879.IIU  11,843 

I.     Tunnels     3,744,888.1*  8,624 

7.     Masonry     ,.  489,431.08  »4( 

5.  CrlbblHK    and    bulkheodlns 348,387.42  714 

S.      Bridges    and    culverts 2,108,876.46  4,318 

to.     Catlle   guards,    road   crosalngB   and 

signs     114.274.711  334 

11.      Ties     684.484.37  l.mg 

13.  Ralls     2,894.843.83  6,U33 

IS.      Rail  fastenings    377.608,94  774 

14.  Frogs,    switches,    etc 82,433.73  1B» 

15.  Tracklaylng   and    surfacing 259,006,78  632 

]S.      Ballasting     630,483.41  1,088 

17.     Surfacing,  nillng  and  lining  track..  30,268.90  81 

IS.     Transportation   depL    buildings 300,141.08  616 

1».     Road    dept.    bides. 43,294,71  88 

20.     Roundhouses  and    shops 159.716.46  328 

11.     Fuel  and  water  stations 126,811,22  268 

22.     Docks,    wharves   and    Inclines 21,476.57  44 

13.     Columbia   River    incline 59,436,91  123 

24,  Other  buildings  and   Btructurea. , . .  12,138.70  26 

25.  Fences     11,219.03  22 

a«.      Tel^raph     22,921.68  47 

37.  Shop  tools  and  machinery 47,233.90  38 

38.  Protection  against  snow  and  Ice...  77.187.95  168 

29.     Locomotive   and    car   service 42.287.03  86 

SO.     General    expense    62.854,13  108 

.    11.     Transportation  men  and  materials.  45,066,31  92 

S2.      Insurance      549.90  1 

33.  Operating  expense 251.323.52  614 

34.  Interest    on    advances 244,442,96  601 

IE.     Bond    expenses    36.086,80  74 

>6.      Bond  Interest  during  conatr. 788.139.99  1,681 

37.    Wagon   roads   16,778.78            32 

Total     (21,672,873.67  |44,412 

There  were  4S8  miles  of  railway  line,  or  roadbed,  and  the  side 
tracks,  etc.  amounted  to  about   8%   additional;    so  that  the  costs 

"mile  of  line"  in  Table  VI  should  be  divided  by  1,08  to  arrive 


at  the 


■  "mile 


e  Items  In  Table  VI  bring  out  very  clearly  the  rough  char- 
acter of  the  country,  namely.  Items  5,  S  and  9.  The  Cascade 
Tunnel  comprised  almost  (he  whole  of  Item  8.  the  actual  cost  ot 
that  tunnel  being  |I. 824.212.  including  masonry  lining. 

The  original  grading  auanlltles  and  ciasslflcatlon  were  as  given 
In  Table  VII. 

The  part  of  the  Idaho  Dlvislan  that  lies  within  the  state  of 
Washington  was  4B.7T  miles  long.  The  Washington  Division  ex- 
tended to  the  foot  of  the  "switchback"  line,  which  was  called  the 
"Overhead  Line,"  over  the  Cascade  Hountalna  The  "switchback" 
WEiB  subsequently   abandoned   In   part  when   the  tunnel  was   com- 
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pleted.  The  S«lttl»  and  Uontana  (a  A  H.)  extended  along  Puget 
Soind  from  8«attltt  to  Belfaat,  The  Seattle  and  Norttiern  (S,  ft  N.) 
extended  from  Anacortea  to  Sauk. 

Tbe  contract  prices  were  quite  uniform,  and  were  about  as  fol- 
lowa  per  cubic  yard: 

Earth  excav.  hauled  lesa  than  SOO  ft (O.IT 

Earth  excav.  hauled  300  Co   1,000  ft 0.21 

Cemented  gravel  hauled  lesa  than  l.OOO  tt. U.ag 

Loose   rock    0.43 

Solid    rock    1.05 

Embankment   from   borrow   pits 0.17 

Overhaul,   for  each   lOD  ft,   beyond  the  tree  haul 
o(   1,000  ft.    0.01 

Gmdlns  was  paid  for  but  once. 

It   Is  Interenlng   to   note   that  the  averajM  grading  was  it.OOO 
CO.  y^  per  mlie,  claMlfled  as  follows: 

Percent. 

Earth  excav,  Withtn  800  ft 14.4 

Earth  eicav.  within   1,000  ft lO.a 

Cemented   gravel    it.l 

Loose  rock   6.3 

Solid   rock   1S,< 

Embankment  from  borrow  ptta J0.3 

Total     lOO.O 

There  was  less   than   EO   ft   of  overhaul  on   the  average  cubic 

yard  of  excavation,  or  less  than  %  ct  per  cu,  yd  for  overhaul. 

The  average  cost  of  grading,  Indndliig  overhaul,  was  about  40  cts. 

per  cu.  yd.  of  all  excavation. 

The  price  of   clearing  ranged  from    fSS   an   acre   In   the   Idaho 

Division  to   tlSO   in  the  Pacific  Division.     Grubbing  ranged   from 

tI4  a  station  in  the  Idaho  Division  to  125  a  station  in  the  Pacific 


The  price  of  tracklaylng  was  about  1230  per  mile  and  the  price 
of  aurfaclng  was  about  1200  per  mile. 

Items  !9.  10  and  SI  are  especially  Interesting  In  view  of  the 
absurd  testimony  that  has  often  been  given  as  to  these  Items. 

Item  13,  Operating  Expense,  Is  the  cost  of  operating  trains  over 
the  line  prior  to  Its  being  turned  over  to  the  operating  department 

Itrnns  14,  IS  and  se.  total  tS,li4  per  mile,  or  about  4.8%  of 
the  total  cost  which  shgws  that  an  allowance  of  G%  for  Interest 
during  construction  Is  ample,  although  It  has  been  frequently 
claimed  that  double  this  amount  should  t>e  allowed. 

A  short  line  was  built  In  northwestern  Washington,  from  Belllng- 
ham  northward  and  aouthward,  called  the  Falrhaven  Southern  By. 
Part  of  It  was  Bubseqnaatly  abandoned.  The  remaining  pert  was 
12.3  miles  long.  Its  cost  was  determined  from  the  accounting  rec- 
ords of  Its  original  builders,  to  which  was  added  the  costs  shown 
In  the  Qreat  Northern  Ry.  after  It  had  passed  Into  the  latter's 
hands.  Thia  total  cost  for  the  32.8  miles  of  line  was  aa  given  In 
Table  VIIL 
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Tabu  VIII.— Cost  or  Faisbatbn  Soutbun   Rt.   ()!.t  Hilbs  em 

LlNI  OR  ROADBHl). 


Iton. 

BuBlneerlaK    

Rl^t  o(  way 

Real  eitate   

Clearing  and  snibblnr  (very  beavy) . , 
QradlnK    

Cribbing   and   bulkheodlns 

BridgEB  and  culverts  

Catll«  Kuarda  and  sign* 

Ties    

Balls   

Rail   faMenlngs    

Frogs,   switches,   etc 

Trachlaylng   ttnd    surfacing 

Ballasting     

Tran^iortatloD   department   buildings.. 

Road   department   buildings 

Roundhouses  and  shops  

Fuel  and  water  stations 

Other  buUdlnga  and  structares 

Telegraph 

Shop    tools   and    machinery 

Iiocomotlve  and  car  service 

General   expense 

Insurance     


L  yds.  earth,  at  lO.Sl. 
I.  yds.  cement   gravel,   at   tV.ie. 
I.  yds.  loose  rode,  at  t0.40. 
L  yds.  solid  rock,  at  |1.01. 


This  Is  fairly  typical  of  the  yardage  per  mile  of  branch  line  bnOt 
through  "easy  country." 

Item  11.  tracklaylng,  does  not  Include  train  service.  Which  is  glna 
in  Item  24  for  the  entire  construction  of  the  road  and  Is  not  pro- 
rated to  the  other  items. 

No  Interest  was  charged  on  the  books. 

The  Spokane  Falls  and  Northern  Ry.  was  alas  built  In  the  earlr 
SO's,  hy  an  Independent  company,  whose  cost  records  could  not 
bo  secured.  A  Held  survey  was  accordingly  made,  and  Its  co«  was 
esllmaled.  using  prices  that  were  common  at  the  time  of  the  con- 
struction of  the  Una.  This  line  Is  IIO.B  mllee  long,  and  Its  original 
lave  been  as  given  In  Table  DC. 


TABLB  IX. — BlTHUTSO   OSIQIKiLL  COBT  OT  THB  SpOEANS   P'aU.B  AND 
NOSTBXKN    Rr.    (ISO.C    UlLSa    CV  LIMB  OB    SOASBXD). 

Per  mile 
IttOL  ofllnA^ 

EnKlneaHug:   |      GZ4 

Qraalng    G.IIJ 

Bridge!  and    culverts I,tl4 

Cattle  Kuarda  and  iIbiis 24 

Tlea   1,611 

Ralls    4,oai 

Rail  taatenlugs    711 

ProKB.   Bwltchaa.    etc 70 

TracklaTlns  and  surfaclngr  (tTOO  p«r  mile  of  trsck)....        8SG 

BallaatlDK    *D0 

TraDsportatlon    department    bulldlDtm tSS 

Road   department   buIldlogB tOT 

Fuel  and  water  ataUons 147 

Other  bulldlnss  and  structures 14 

Fences     B3 

Oeneral   «xpenae    lEO 

Bond  Interest  during  contructlon 7se 

Onuid  totaJ  tl<,44G 


In  addition  to  the  130.G  miles  of  line  there  were  20.79  nuiles  of 
sidetracks,  etc. 

It  will  be  noted  that  no  land  is  included  In  this  eatlmate,  but 
11,000  per  mile  of  line  was  the  estlmatiNl  value  ot  the  land  In  1908. 
It  was  certainly  much  less  originally.  This  line  was  probably  built 
for  tI7.000  per  mile.  Including  all  land. 

The  Great  Northern  Ry.  had  Just  completed  In  190O  a  stretch 
of  branch  line  in  northern  WashEnBton,  known  as  the  Washington  & 
Great  Northern  Ry.  The  completed  portion  was  SS.9  miles  long, 
through  a  mountainous  country.  The  grading  yardage  per  tulle 
of  line,  and  contract  prices,  were  as  follows: 


9,200  cu.  yds.  csrth  excav.   under   300  ft.,  at   fO.Ig 

E.ODO  cu.  yds.  earth   excav.    under    1.000    ft.,   at    fO.Il 

B.DOO  cu.  yds.  cement  gravel,  under  1.000  tL,  at  %O.Zi 

1,800  cu.  yds.  loose  rock  under   1,000   It.,   at  t0.4O 

S.900  cu.  yds.  solid  rock   under   1,000   ft.,   at  10.91 

ta.EOO  cu.  yds.  total  per  mile 

19,000  cu.  yds.  overhauled  100  ft,  at  fO.Ol 
The  actual  cost  of  this  Una  was  as  given  In  Table  X. 
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TaXIX  X. ORIOINAt,  CO«T  or  THB  WASHINOIOIt  AND  OOAT  NOTTH- 

■SN    RT.     (S3.3    HiLCS    Vr  IdNB   Om   HOADBBD). 

PermllA 
Item.  <a  llna. 

1.  Bn^neerlng     I  1,481 

2.  RieM  ot  way l,fl« 

5.  Real   eaUte    1 

4.  Clearing  and  C'Ul't'liig •*« 

6.  OradlnK     14,eSII 

8.  Tunnels    JS 

7.  Maaorry     9It 

8.  Brldgea   and    oulverta 3,CI| 

i.  Catire  guards,  road  croMlnga  and  sIkhb IT 

10.  Tlea     l.g» 

11.  Rails  i,m 

12.  Hall    taatenlngB 7lt! 

13.  Proga.    Bwllchea.    etc ISl 

14.  Tracklaylng    and    surtaclDS HSl 

16.  BallaWlng    1,0« 

18.  Surfacing,  filling  and  lining  track 3* 

IT.  Transportation    department    bulldlnga IM 

18.  Road    department    bulldinss l^S 

19.  Roundhouses  and  shops 2! 

50.  Fuel   and  water  stations SM 

51.  Other  buildings  and   structures t 

22.  Fences     SS 

23.  Telegraph      IJI 

24.  Locomotive  and  car  service 6iS 

2B.     General   expense    ii 

2(.     Transportation  ot  men  and  matdrlalt 2.ii» 

27.     Insuraneo  1 

38.     Operattnc  expense    I' 

29.     Interest  on  advances 'i.W 

SO.     Taitea    S« 

31.     Wagon   roads   11 

Grand  total ISS.EIS 

In  addition  to  the  83.9  miles  of  line  there  were  7.89  miles  ot 
sidetracks,  etc.,  whose  cost  Is  Included  above. 

It  win  ba  noted  that  Item  1,  Engineering,  cost  about  4%  of  tbs 
total ;  and  that  Item  29,  Interest  During  Construction,  was  about 
3%  ot  the  total. 

In  addition  to  the  foregxitng  lines  belonging  to  the  Great  North- 
ern there  was  a  short  line.  The  Columbia  &  Red  Mountain,  7.5  niiU-s 
long,  whose  original  cost  could  not  be  ascertained,  but  was  esti- 
mated to  have  been  t25S.327,  or  134.450  per  mite. 

The  preceding  costa  total  as  follows; 

Uain   line    HST.fi    miles) |21,S73.TE0 

Fairliaven  &  Southern   (32.3  mtlea) TZS.9I8 

Washington  &  Q.  N.    tB3.9  r' 


Total    original    cost. . 
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of  Ilnc^  or  t>TiT30  per  mile,  not  iBcludloC  rOlllnE  atoclL     ThU  la  very 
cIoBB  to  Uie  actual  orislnal  cost. 

We  come  now  to  the  addltloiu  and  Improvenrenta  made  «lnce 
the  orlsinal  lines  were  buUt.    Tbey  total  as  tollowa : 

Falrhaven  cut-off  line  <18.4  mtlee) t  »«Z.10i 

New   Bide   tracks    T47,2UR 

Higlit  of  way T4fi,J71l 

Real    estate     2,Sl!t.S13 

QradlDK  (moBtty  bank  widenlns) l.m.IBB 

TimneU     1,260,116 

Maaonry    T2M0> 

Cribbing  and   bulkheadlns IMET 

Bridces    and    culvertB 1CG,S2D 

Kalla     S^.IDI 

Tranaportation  department  bulldlnKB BOS.UeS 

Boad   department   buiidInK* S0.S4I 

Boundhouaes   and    ahopg 9D,3St 

Fuel  end  water   atatlona 19,334 

Grain  elevators,  coal  bunkerg,  etc. 101,833 

Docks  and   wharvea ElS.StS 

Other  bUlldlDKS  and   BtrueturcB 1T7,1K0 

Pencea     SH.EJi!! 

Telegraph    S.BBI 

Bhop   tools   and   machinery 98.130 

Protection  aBalnst  soow  Hnii  Ice lll.SUl 

Tata!  additions  and  Improvements flO.110,ES9 

This  brbiBB  the  cost  up  to  June  30,  1900. 

Unfortunately  the  account  of  New  Sidetracks  does  not  distribute 
the  cost  between  the  various  Items,  as  It  should;  consequently  Hr. 
Ofllette  adopted  the  following  dlstrlbuUon : 

Per  cent 


Ties    

Ralls    

Rail    fasteninss    . 


1    surfacing E 


Total     100 

In  this  manner  the  total  Itomlced  cost  (original  plus  additions 
and  improvements)  was  arrived  at  very  cloHeiy,  as  shown  In 
Table  XI. 

Table  XI  Includes  no  allowance  for  the  right  of  way  of  the  S.  F. 
*  N.  and  of  the  Columbia  *  Red  Mountain ;  but,  as  the  present 
■TOlue  of  that  right  of  way  is  only  »139,678,  It  will  be  seen  that  the 
grand  total  cost  was  about  I3B,10D,000. 

In  using  Table  XT  the  reader  should  be  cautioned  that  the  Addi- 
tions and  Improvements  were  not  recorded  In  the  accounting  de- 
partment exactly  under  the  same  headings  as  were  the  original 
construction  costa  It  was  an  error  not  to  have  done  so,  but  it  Is 
the  common  practice  of  railway  companies  to  make  this  mlslake, 
Xinglneerlng,  (or  example.  Is  not  recorded  as  a  separate  Item  In  the 
Additions  tud   Improvements   (except  on   the  "Falrhaven   Cat-Oft 
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Uoe,"  where  It  waa  3%  of  the  total)  ;  heac«  om  cannot  estimate 

the  total  cost  of  englneerlnK  on  any  part  ot  the  Gi«at  Nortbem 

work  other  than  tho  ortgituil  coHBtntcUoii, 

The  same  holds  true  of  Locomotive  and  Car  Service,  Tranaporla* 

tlon  of  Man  and  Uaterlals,  and  Interest  during  the  time  that  irork 

Is  In  prOBTess. 

Tablb  XI. — Orioinal  Cost  or  Ormat  No>thbbn  Rt.,  Plus  Addi- 
mrioxa  and  Impbotbuknts  Up  to  Jumi  30.  ISOfi  (7ST.TS  Mil^ 
OF  Railwat  LIN!  AKP  187.08  ICiLn  or  Sma  Tback  and  Otheb 

Fermlto 
Item.  Totel.  of  line. 

1.  BnslneerlnK    f      gS7,fit).10 

2.  Right  Of  war 1,886,!!' 

3.  Real    estate    2,834.5! 

4.  Clearing  and  grubbing *"  '■ 

5.  Oradlng    


9.      Bridges    and    i 


r    guards    road     crossings     and 


4.iee. 

'S76| 
8,17  E. 


.G,i!ll0.CS 
,5SB.I1 

,e8E.<T 

aires 

,137.81 
,G8i.94 
,779.13 
, GGl.su 


Ralls     ".'.'.'.'. '. '. '. '. '.'.'.'. '. '.'.'.'.    '. ', '. '. '. '. '. '. '. 

Rail  fastenings   

Frogs,  switches,   etc 

Tracklaylng   and    surfacing 

BuItnsCing    

Surfacing,  fllling  and  lining  track 

Transportation  department   buildings 

Road    department    buildings 

Roundhouses   and   shops 

Fuel  and  water  stations 

Qrain   elevators,    coal    bunkers   and 


23.  Dofks.  wiiarv. 

24.  Other  buUdlni 

2G,  Fences     

la.  Telegraph     , . 


i  and  s 


General   eipense 

Transportation  n 


3!i.      Bond    expenses 

3E.     Bond  Interest  during 


I4,>33.8» 
:7,88B.6T 
I0,»84.S5 
ie,9TG,87 
!T.18B.!T 
il,U<ie.84 
l8,eSB.8» 
IG.G3B.47 
ll,10B.BB 
IB.BBO.IO 
1,117.41 
I2,94S.4S 
IB.B41.11 


freight  tra; 
regarded  a 


I  the  cost  of  operating  pnsaenger  and 
ptlon  (before  th -" ' -" 

..:),      This  expeni 

It  of  construction. 
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Since  there   were   D.!J4   miles  of  Bidetrack  Knd  other  tmcks  p«r 
nlle  o(  llife.   the  costs  In  the  last  coluniD   of  Table  XI  must,  be 
llvided  by  1.S44   to  arrive  at  the  cost  per  mile  of  track.     Uultl- 
y  0.8  will  give  almost  the  same  result  as  dividing  by  1.244. 
15  does  not  Include  all  the  surfacing,  as  wilt  be  eeen  by 
lem   IT:    but  Item   IS  Includes  locomotive  and  car  service^ 
The  locomotive  and  car  Hei-rlce  of  Item  !>  relates  to  other  work. 

the  records  of  quantities  In  the  englDeerlnc  department  of 
t  Northern,  supplemented  by  data  In  the  sccounting:  depart- 
ment, and  by  field  Burveys  where  necessary,  Mr.  Gillette  prepared 
llie  estimated  cost  of  reproduelnK  (new)  the  Great  Northern  lines 
in  the  state  of  Wnshlngton,  na  detailed  In  Table  XII.  Item  2 
(lands)  In  Table  XII  Is  based  upon  the  llnal  "flndings"  of  th» 
Washington  Railroad  Commission. 


plying  I 
Item 


the  area! 


TABLI    XII — ^BSTIMATB    or    TUB    CO0T    OF    REPSODIJCttIO    TBI 
NORTHSRH    RY.     IM    WaSHIHOTON.   tJP   TO   JUNB    SO,    1906. 

(Te7.7E  MiLEia  OP  LiNi  AND  1S7.0S  HlLBB  or 
Sua  Tracks  aho  Tabd  Teacxs.) 

1.     EUigineerlng,  3\i%  at  items  3  to  26  Inclusive.. 

3.      Right  of  way,  etc. 

Terminal   land,   Seattle ttO,037, 

Terminal  land.  Spokane 1.662, 

Terminal    land,    Everett 1,U77, 

Terminal  land,  Belllnghtun GS2. 

Right  of  way,  and  other  Station  grounds 2,97G, 

Total  right  of  way,  etc 117,106, 

3.  Clearing  and  Qrubblng. 

Clearing,  4,»6B  acres  at  (100.00 t       4V6, 

Grubbing,    9. 521  sUtlons  at  620.00 19U, 

Cutting  dangerous  trees,  6.E06  at  62.00 II. 

Total  clearing  and  grubbing 6      700, 

4.  Grading. 

Barth  excavation   (SOO  tL  haul),  1,801,461  cu. 

yds.  at  10.20 1      Sflo. 

Karth  excavation  <l,0OO  ft  haul),  l.Oll.SIS  cu. 

yds.  at  lD.2t 

-Cement  gravel,  2.S9S.1E2  cu.  yds.  at  60.40 

Loose  rock,  l,18e,98&  cu.  yds.  at  60. GO 

Solid  rock,  3,216,064  cu.  yds.  at  61.10 8,GT1. 

Unclassified  excavation,  299,866  cu.  yda  at  lO.GO         14». 

Embankment,   3,771,060  cu.  yds.  at  10.20 761, 

Overhaul,    cu.    yda    hauled    lOO    ft,    S,361.1S6, 

at   60.01 83, 

Widening  roadbed   (acctg,  records) 1,142. 

Oradlikg  new  side  tracks  (acctg.  records) 186, 

Total  grading  (except  trestles  filled.  Item  g)  .1  0,019, 


,001.47 

.643.00 

.228.33 

!aia!uu 

.B60.02 


,970.B0 

,2<0.)t0 
,402.G0 
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e  tunnel  (masonrr  lined),  13,glS  lln.  (L 

_.    H80.00 1  :!,4M,M0.M 

Everett   tunnel    (In   sarth,    timber  lined),   1,253 

lln.  fL  at  tflO.OO IIS.HMS 

Seattle  tunnel  (double  trsch,  In  earth,  masonry 
lined.  %  owned  by  Q.  N.).  E.141  lln.  U.  at 
%    ot    JJSO.OO l.tit.tttM 

other  tunnels.  5.316  lln.  (t.  at  f  TE.OD S98,T<».aO 

W.  AG.  N.  tunnel,  lit  lln.  tt-  at  lEO.OO •.TH.OS 

Total    tunnels t  1. 1 1  MM.  01 

t.     Haeonry. 

Riprap,  alope  wall  and  retaining  wall  <aB  per 
acctg,    records,    after   deducting   biidse   and 

culvert     masonry) f       >>4S,T18.S4 

7.     Cribblnu  and  Bulhheadtng. 

Ah  per  o-ccauntlng  records t       37G,T7>.1I 

9.     Biidses  and  Culverta 

Trestles  (av.  IS  ft.  hlKb.  30,StO,tll  (t.  B.  M.  at 
tSO.OO,  and    I,:i34,5g3   lln.   tt.  piles  at  10.23). 

128,400   lin.   (t.  at  tlO-OO t  l,2K4.0ltO.llt 

Treaties  filled.  2.04S.038  cu.  yds.  at  |0.Z0 40M07.M 

Howe  Truss  and  Combination  Bridges  (8.D4S  IL). 

Spans  under  EO  ft..  96E  Un.  ft.  at  130.00 Jll,9lia.0« 

Spans  ED  to  100  ft.,  S25  Un.  ft.  at  fSS.OO 2l),gTE.0D 

Spans  100  to  150  ft..  3. BOS  Un.  ft.  at  145.00 lTS,eoG.OO 

Spans  over  150  ft.,  2,346  lln.  ft.  at  $60.00 140,760.00 

Steel  BrldKes   (11,722  lln.  ft). 

Steel   [n  place.   24.0O4,2ED  lbs.  at  tO.047E t   1.140.!0t.» 

Foundation  masonry,    30,267  cu.   yds.   at  (13.00         363,204.00 

Log  Culverts  (31,006  Un.  ft.  culvert). 

Cogs  In  piece.  538,741  lln.  ft  at  tO.16 86,198.56 

Timber  Culverts   <  12.922  lln.  ft.  culvert). 

Tlmbn,    2.180,232   ft   B.  M.,   at   t2S.OO 6S,6HC.II) 

Box  Drains   (3.T09    Un.   fL   drains). 

Timber,  63,080  ft.  B.  M.,  at  tiE.OO l.«14.0t 

Concrete  Culverts   (2.377  lln.  ft,  culverts). 

Concrete.  4.740  cu.  yds.,  at  19.00 EI. 660.01 

Stone  Box  Culverts  (3.306  lln.  ft  culverta). 

Masonry,   4,074  eu.  yds.,  at  |B.0O 20,370.00 

Vltrined  Pipe  Culverts  (11.870  lln.  ft.  culverts). 

12-In.  pipe.       694   lln.  ft.,  at  10,50 S47.»» 

18-ln.  pipe.    2.848   Un.   ft,,   at  »1.S0 3,701.40 

24-ln.  pipe.    A.B^S   ]In.   ft.,  at  33.60 lO.EED.HO 

i7-ln.  pipe,    3,583  lln.  ft.,  at  (3.00 10,749.00 

30-ln.   pipe.       687  lln.   ft.,  at  13.50 1,464.50 

Cast  Iron  Pipe  Culverts  <«,IG9  Un.  ft.  culvsrts). 

S-in.  pipe.         48  Un.  ft,  at  ll.BO 71.00 

18-ln.   pipe.       BOB  lln.   ft,,  at   tS.OO 1,818.00 

Ig-ln.  pipe,       852  Un.   ft,  at   34.00 I,4Vlf.DB 

S4-ln.  pipe.    3.119  lln.  ft.  at   tS.OO 18,714.00 

SO-In.   pipe,    1,324  Un.   ft.,   at  17.00 l.IOK.OO 

I6-ln.  pipe,        310  lln.  tt.  at  $9.00 1,100.00 

Total  brldKBB  and  culverts >  3,gE0,>SC.U 

9.     Ties. 

(954.8  miles,  at  3.000),  2.864.400  ties,  at  fO.EO.t  1,432.200.110 
10.     Ralls. 

054.8  miles).  98.237  tons,  at  »40.00 1  3.91*,4SO.0O 
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11.     Track  FaBleclngw. 

Spikes,    6,111.»80   lbs.,  at   fO.D2S t 

Angle    bars,    1S.54»,SSD    Ibe..    at   tO.OIS 

Bolta,   l.flS!,&40  Iba.,  at  ^0.03! 

Rail   braces.   3g2,SO0.   at   tO.lO 

Tie  plates  (2E%  of  line).  1,125.000,  at  fO.OB 

Total  track  fasteolnsB I 

IZ.     FroBB  and  Switches. 

Turnouts    (froKs),  1.031.  at  180,00 | 

13,  Ballast. 

Main  Una,   TST.T  miles,  at   11.000.00 t 

Side  track,   187.1  miles,  at  fSOO.OO 

Total  ballast  I 

14.  Tracklaylng  and  Surfacing. 

Main  line  and  side  track,  9S4.B  tnt.,  at  t100.00..f 

IG.     Fencing  RIgbt  of  Way. 

As  per  accounting  records  plus  20% % 

16.     Crossings,  Cattle  Guards  and  Signs. 

Signs.    J.020,    at    I2.O0 t  «,0 

Road  crOBBlngH   (grade),   1,044,  at  (6.00 S,2i 

CatUe   guards,    1»E,    at   (ZO.UO B.9i 

Tell  tales.  18,  at  126.00 *l 

Steei  highway  bridges,  1.748  lln.  ft.,  at  f 80.00.. 
Wood  highway  brl<&;e8,  1.381  lln.  tt.,  at  120,00. . 

Total  crossings,   ate % 

IT.     Telegraph  Lines. 

As  per  accounting  records  plus   20% f 

18.      Tcsnsportatlon  Department  Buildings. 

Passenger  depots,  frame.  9B,6T3  sq,  fL,  at  |1.IB.| 

Passenger   depots,    brick,   at  Belllngham 

Passenger  depot,   brick,  at  Spokane 

Passenger    depot,    brick    and    stone,    at    Seattle 

<14  Interest)   

Prelght   depot,   brick,   Spokane,    30.000   sq.    ft.. 

Bt    »1.00    

Trelght    depot,    brick.    E^'srett,    9,3 SO    sq.    ft., 

at  11.00   

Freight   depot,    brick,    Seattle,    16,245    sq.    tL. 

at   tl.OO   

Freight   depot,   brick,    Seattle    (stores),   27,440 

g.  «.,  at  13.60 
ghl    depot,    brick,    Seattle,    60,000    sq.    fl.. 

■•  at   ll.BO    

Freight   depot,    frame.    Seattle.    84,000    aq.    ft,. 


Freight   depot,   frame.    Seattle,    G6,O0O    sq.   fL, 
Freight   depot   frame,  eisewhere,  21,831  aq.  ft.. 

at   11.00    

Warehouses,  18,648  aq.  (t..  at  U-OO- ■ 

Stock  yards,  277,662  sq.  ft.,  at  10.04 

Track  scales,    9,   at   12.000.00 

Platforms,    wood    {other    than    depots),    88,422 
PlBIfomisf  cinder.'  26.B7S  'sq.'  ft.,'  at  I'o'.OB  '.'.'.'.'.'. 

Platforms,  brick.  600  sq.  ft.,  at  10.25 

Water  closets,  3,638  sq.  ft.,  at  tl.OO 

Station  furniture  (other  than  Seattle) 

Total   transportation  departmant  buildings..! 
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Ri>ad  Department  Buildings. 

Section    houaea    (white    men),    ES.GIS    eg.    ft, 

Bectlon     houaea     (JapaneM),     t'z.Sti     sq.     tL, 

at  i0.8«  

Tool  houaes,  HMO  sq.  ft.,  at  |0.50 

Total    road  department   bulldlog* t 

Round  Htniiea  and  ShopB. 

Round  housea.  brick.  55  alalia,  at  H.EOO.OO | 

Round  houaea,   frame.   IS   atalia,  at  1900, ao 

Cinder  pita.  290  lln.  ft.,  at  »6uT0« 

Turntablea,  9,  at  JS, 000.00 

Machine  and   repair   ahopa.    brick,    117,316   aq. 

ft.,    at    J1.26 

Machine  and  repair  ahopa,  framey  S.1Z3  aq.  ft., 

at    (0.5O    

Tranafer  tnblea,    Z.   at   |I,E00.00 

Repair  shede,  24,000  aq.  ft,  at  (0.25 

Total  round  houaea  and  ahopa 

Fuel  and  Water  Sutlona 

Water   atatlons,   51.  at   11. 700.00 

Coal  chutes  (5),   ET  pockets,  at  |I, 500.00.. 

Total  fuel  and  water  atatlona 

Shop  Toola  and  Machinery. 
Aa  per  accounting  records  plua  20% 


r.  Seattle,  60,41 


'  sq.  fL,  ! 


t0.50.. 


Total  grain  « 
Docka  and  Wharrea 

Docha,  Seattle 

Wharvea  elaewhere,  30,000  sq.   (L,  ; 

Total  docka  and  wharvea 

Other  Buildings  and  Structure*. 
As  per  accounting;  records  plua  20%    (10t,)0E 
.aq.  ft.  of  mlacolaneoua  buildings,  e'~  '  * 

Snow  Protection. 
Aa  per  accounting  records  plua  16%,   (consiat- 
Ing  mainly  of  iTbbS  lln.  ft.  snow  aheda}  . . , .     * 
t<gal  and  General  Expense. 

1  %    of  Iteraa   3   to   2«,   Incluaive 

Interest  During  Conatructlon. 

6%   of  Itama  1   to  27    (except  J),  Incluatve. . 
Btorea  on  Hand. 
Necaaaary  for  maintenance  and  operation... 


4.0C1.GO 
3,0««.I0 

«.ooo.ao 


Tola 


f   Iten 


)  29,  Inclualve. . 


PrclBht 
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E  Item  2  of  Table  XTT,  it  ahould  be  >aid  that  tha  Rail- 
road Commission  did  not  Include  any  land  not  needed  In  the  Im- 
mediate future  (or  railway  puiposes.  In  the  city  of  Seattle  there 
•aaa  land,  owned  by  the  Oreat  Northern,  of  the  estimaled  value  of 
19,097,490,  which  la  not  Included  In  Item  !.  In  Spokane  there  was 
Himllar  land  of  the  value  of  1221, TGO,  and  other  leased  lands  (bring- 
ing (18,000  yearly  Income),  whoae  value  was  not  determined. 

The  chief  engrlneer  of  the  Great  Northern  presented  an  estimate 
of  the  cost  of  reproduction  far  In  excess  of  thai  of  Mr.  Gillette 
above  given.  The  Railroad  Commission  Anally  determined  that 
(58,071, GG9  would  be  a.  ta\i  coat  of  reproducing  (new)  the  Great 
Northern  lines  In  Washington,  and  that  I53.S87.DS0  would  be  a 
(air  "present  value,"  or  second-hand  value,  of  all  this  property, 
Including  equipment 

The  accounting  and  engineering  records  of  the  Oreat  Northern 
had  been  so  kept  that  the  yardage  o(  earth  In  widening  roadbed 
(subsequent  to  original  construction)  and  In  building  new  slde- 
tracki.  could  not  be  ascertained  without  an  amount  of  labor  that 
did  not  seem  to  be  warrantea. 

Referring  to  the  last  two  entries  In  Item  i  of  Table  XII,  It  will 
be  seen  thai  they  total  (1,329,170,  or  about  14%  o(  the  total  of 
Item  4.  At  an  assumed  cost  of  20  els.  per  cu.  yd.  for  this  banlc 
widening,  etc..  there  were  about  641,400  cu.  yds.,  which  Is  equiva- 
lent to  865  cu.  yds.  per  mile  of  line.  Dividing  the  iicms  oC  yard- 
age In  Item  1  by  768,  the  miles  of  line,  we  have  the  following: 

Cu.  yda  per 
mile  of  line. 

Earth  excav.  (SOO  ft.  or  less  haul) 3.640 

Barth  excav.  (300  to  1,000  ft  haul) 6,090 

Cemant    gravel     8,200 

Loose  rock   I, CIO 

Solid   rock    1,280 

UnclasalPod   excavation    J90 

Bmbankment   from   borrow 4.910 

Total    25.0UU 

Widening   roadbed    (earth) 870 

Total    as, 870 

milng  trestles  (see  Item  S,  Table  IV) tin 

Grand    total    26.140 

In  Item  8  It  will  be  seen  that  the  trestles  averaged  18  fL  high. 
This  was  ascertained  by  dividing  the  total  sum  of  (he  profile  areas 
of  the  trestles  by  their  total  length.  Trcslle  filling  was  kept  in 
Item  8,  In  order  to  correspond  with  the  accounting  records. 

The  prices  assigned  to  all  classes  o(  construction  Include  all  labor, 
materials  and  costs  of  transporting  men  and  materials,  train  serv- 
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Item  1!,  Froca  and  Swttcbsa,  does  not  include  croaa-tlM.  which 
are  Included  In  Item   S. 

Item  II,  Telegraph  Unea.  vas  taken  trom  the  accountlns  recorda 
and  20%  added  to  cover  Increase  In  prices,  transportatlan  of  men. 
etc.    The  Qreat  Northern  does  not  own  the  telegraph  lines  entirely. 

Table  XIII  •ummarlces  the  coat  of  reproduction,  and  glvea  alio 
preaent  value. 

TABLI  XIII. COai   OF    KlFRODnCTTIOK   AMD  PB»KT   VALUI  OF  QaBAt 

NORTHKEM    AB   BSTIUATB)   BT    H.   P.   QlLLTTTa. 

Reproduction.  Candltlon.  Present 

New.            Per  cent  Value. 

1.     EnglneerlnK    ...»  1.077,e01  lOO.O  t  MTT,;;! 

a.     Right  of  way 17,10G.6»t        IDO.O  IT.lOMSl 

t.     Clearing  and  BTUbbInc 700,411         100.0  700.111 

i.     Grading    MIMH          HO.O  I0,E81,T9t 

G.     Tunnels    4,2(1.100          100.0  4,281,100 

S.     Masonry  (except  In  Item  8)         SSS,71t         lOO.O  885,719 

1.     Cribbing  and  bulkheadlng. .        876,770          St.O  '       St.«7t 

8.     BrldgM  and  culverts S.gE0,)88          78.1  ),011,<71 

a.     Ties     1,432,200            18.8  «(8,l(l> 

10.  Ralls    S.929.480            80.0  8,141, E84 

11.  Track  fastenlnga    787,279            80.0  611,821 

11.      Frogs   and    swltchea 82,840            80.0  88,111 

13.  Ballast    879,960          lOD.O  879,980 

14.  Tracklaylng  and  aurfacing.         888,360          100.0  (68,160 

15.  Fencing  rl^t  of  way 80.171            G4.t  43,801 

18.     Croaalngs,  cattle  guards,  etc         1SG.T74            80.0  187.197 

17.  Telesraph    lines    66.611            80.0  4G,I9g 

18.  Transp.    dept.    bldgit 981,E3G            89.B  880,28G 

19.  Road  dept.  bldgiL 96,968            76.0  71,938 

20.  Roundhouses  and  shops 100,808            88.8  2S1,I73 

11.  Fuel  and  water  stations 138,100            80.0  190,G8* 

12.  Shop  IooIh  and  machinery..         181,180            SS.D  117,811 
28.     Qraln    elevalora    118.100            79. D  9B,S0g 

14.  Docks  and  wharvES 848  869            79.0  Gil. 808 

tG.     Other  hldgs.  and  structures.         141,181            88.0  108.004 

15.  Snow  protection    118.991            71.4  167,103 

17.  Legal  and  general  expense.        807.888         lOO.O  107,888 

18.  Interest  during  conatr. 1,608.708          100.0  l.(08,70E 

39.     Stores    on    hand 360.904          100.0  180.904 


Tout  of  II 


a  29.. .181,119,402 


Qrand  total   tGG,81B,018 


tG1.9GG,41G 

In  arriving  at  an  estimate  of  the  Present  Value,  or  secood-hnnd 
value,  of  the  property,  Mr.  Gillette  determined  the  average  age  of 
each  claai  of  atructurea  as  explained  In  hli  report  to  the  Railroad 
ConunlasloD  (see  Enalneering-ContractiKg,  April  T,  1909).  Thai 
an  annual  depreciation  was  determined  from  a  study  of  the  record*. 
For  example,  the  average  age  of  existing  trestles  waa  4.1  year^ 
■nd  the  annual  depreciation  waa  taken  at  10% ;    bene*  tlte  present 

-idltlon  waa  100%  —  4.3  X  10%  =  88%. 


ytttra.     per  cent,    per  ct 
Cribbing  and   biilkhMidliiK. . 

Howe  trun  brldgea 

IjOK  ouIvertB  . 


Timber   culverte   

Box  drains  

Tle«    

Ralls,   trKck  faatenliiKS,   etc. 

Trannporlatlon   dept.    bldgrs. . . 

Road  dept.   bld|r> 

Roundhouses  and  ahops 


OraTn  elevators 

Docks  and  wharvei  . 
Other   buildings    .... 


3.0  8E.0 

4.0  TM 


The  rate  of  depreciation  of  F\iel  Stations  was  aantraed  at  3%; 
Water  Stations  at  2W%,  the  latter  being  lower  because  so  much  oT 
the  value  exists  In  piping,  reaervolrs,  etc. 

Blqulpment  depTeclatton  was  put  at  3.6%  per  annum. 

All  other  Items  were  regarded  as  having  suffered  no  depreciation. 
Grading  was  regarded  as  having  actually  appreciated  10%  in  value, 
due  to  the  "seasoning"  of  the  roadbed.  This  ts  equivalent  to  (1.330 
per  mile,  whli^h  was  regarded  as  a  liberal  allowance  for  expenditures 
In  track  maintenance  during  the  first  few  years  after  construc- 
tion, which  might  properly  be  charged  to  construction,  although, 
in  fact,  they  never  are  so  charged  In  the  company  books.  It  also 
provides  for  the  Increased  value  of  the  roadbed  due  natural 
settlement. 

The  actual  cost  oF  the  equipment  of  the  entire  Oreat  Northern  Rr. 
■ratem.  as  determined  from  the  accounting  records,  was  as  follows; 
up  to  June  SO,  1B08: 


:  and  miscellaneous . . 


The  actual  original  cost  of  the  Spokane  Falls  A  Northern  equip- 
ment  a*  purchased  by  the  Great  Norihem  Ry..  was  not  available, 
but  was  estimated  to  be  tl90,T4S,  composed  of  the  following  Items: 

Locomotives    t  71.500.00 

Passenger  cars  33,500.00 

Prelgtat  ears   60,340.00 

Work  and  miseellatieotia 11,402.04 

Total  |l>D,71i.0O 
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To  arrive  at  the  cost  ot  reproduclns  the  equipment  neir,  prearnt 
(1B06)  prices,  were  Hsnimed  and  applied  to  all  the  locomotlvea  and 
can.  Tlili  showed  an  locreaae  of  coat  of  about  15%.  hence  It  «■■ 
decided  to  add  15%  to  ttie  orlKlial  coat  (si  shown  by  the  bccdutiI- 
inc  records)   to  obtain  the  cost  of  reproduction  new. 

With  the  exception  of  the  locomotives,  the  entire  SQulpment  was 
Ihra  prorated  to  the  state  of  Washington  on  the  ratio  of  the  car 
mileage  of  the  entire  system  to  the  car  mileage  of  Washington.  The 
work   equipment   was  prorated   on    the   basis   of   the  miles  of   road 

The  cost  of  reproduction  and  the  present  value  o(  the  equlp- 
m^tt  for  the  state  of  Waahlngton  were  estimated  to  l>e  as  follows: 

Cost  of  Preaent 

Reproduction  Value. 

IiOComotlves     |l,3S4,740.7fl  }    878,779.38 

Passenger    can    71G,S»S.9I  4»4.«01.4: 

PretRht   cars    2.S20,OSE.a9  l,S3G.41(l.9g 

Work    and    mlBcellaneous 139,451.19  14T.15t.3e 

Total      |4,SE9,S24.10  t3,ZlS,74T.09 

The  present  value  (second-hani)  value)  was  not  ascertained  by  a 
Held  Inspection,  which  is  practically  impossible  of  satisfactory  ac- 
complishment anyway,  but  by  determining  the  average  age  of  each 
kind  of  equipment  and  multiplying  that  age  in  years  by  3.S5,  lo 
arrive  at  the  percentage  of  depreciation  suffered. 

Mr.  Gillette's  studies  of  the  equipment  records  indicated  lo  him 
that  the  average  locomotive  or  car  could  not  be  expected  Co  have  a 
life  exceeding  28  years,  and  that  it  would  therefore  be  liberal  to 
the  railway  to  allow  an  annual  depreciation  of  only  S.6%  in  arriving 
at  the  present  value.  He  selected  the  straight  line  formula,  rather 
than  the  sinking  fund  formula,  for  estimating  depreciation. 

In  determining  the  average  age  of  locomotives  the  standard  price 
of  each  locomotive  was  multiplied  by  its  age.  The  sum  of  these 
products  was  divided  by  the  total  cost  of  the  locomotives  to  secure 
the  average  age.  It  would  be  manifestly  Incorrect  to  use  the  actual 
average  age  obtained  by  dividing  the  sum  of  the  ages  by  the  total 
number  of  locomotives,  for  locomotives  dllTer  so  In  value  that  the 
"weighted  average"  must  be  obtained.  In  like  manner  the  age  of 
all  rolling  stock  was  determined.  It  will  be  noted  that  there  was  an 
average  depreciation  of  29. $7%  (since  the  condition  was  70.31%). 
Hence  the  average  weighted  age  of  all  equipment  was  29.67  .!-l.G  = 
8.34  years.  The  rolling  stock  on  the  Spokane  Falls  ft  Northern 
mtl  all  ID  years  old,  and  on  the  rest  It  was  aa  follows: 

Locomotives    S.B  yean 


Passenger  < 

Preight  caiB    i.. 

Work    and    miscellaneous 7.0 


The  coat  of  reproduction   of   the   Oreat  Northern,  per  "mile  of 
Uw>."  Is  given  In  Table  XV. 


T&Bia  XV. — C(MT  or  RaPioiiiicrioH   or  Ouut  Nosthirm   Bt.   m 

WAIHINOTON,    as    EBTIUATMI   bt    H.    p.    OlLLBTHL 

Per  mile 
of  line.* 
.t  I.40G 

.  tt.tn 


Knslneerlns     1  I 

llgV  -•  — 


Clearing   and    KTUbbing 114 

Qratllng    1J,B60 

Tunnels    ; 6,6&» 

MaBonry     1,080 

Cribbing  and  bulklteadbig 489 

Bridges   and   culverts E,024 

Tlea    1,878 

Ralle  6,1IG 

Track  fastenlnn   1,001 

ProBB  SDd   swltchee 107 

Ballaat    I,H8 

Tracklaylng  and   BurfaclDg 872 

Fencing  right  of  way lOE 

Cronlnga.   cattle  guard  and   signs 241 

Telegraph  lines   74 

Traneportatlon    department    bulldlnga. . . : I,SS4 

Road  department  buildings 12o 

Roundhouses  and  atiaps 391 

Fuel  and  water  stations aiO 

nnd  machinery. -  £36 


Orain  elevatoi_  .... 
Docks  and  wharves  , 
Other  buildings  and 

Legal  and  generai  i 
Interest  during  const 
Stores  on   hand 


Grand   total    172,703 

■There  are  1.244  miles  at  track  per  mile  of  line;  hence  multiply 
by  O.B  to  get  coat  per  mile  of  track. 

During  the  flscal  year  ending  June  SO,  1000,  there  were  4T3,- 
84T.iS7  ton-miles  of  Ireight  carried  over  the  Great  Northern  within 
tUe  state  of  Washington.  The  freight  car  mlleags  was  33.428, C9E 
car-miles  In  Washington,  or  0.881%  of  the  car-mileage  of  the  entire 
Oreat  Northern  system. 

Cost  of  the  Northern  Piclflc  RBllwsy  (1,046  Miles)  In  the  State 
of  Washington.*— This  Issue  contains  data  relating  to  the  Northern 
Paclflc  Ry.,  data  that  were  submitted  as  exhibits  by  Hr.  H.  P. 
Olllettc  In  his  testimony  at  the  hearlnKs  before  the  Railroad  Com- 
mission, but  not  printed  In  the  "flndings,"  which  contain  only  the 
coDClaslons  as  to  costs  reached  by  the  commission  after  hearing  all 
the  evidence. 

Work  was  begun  on  the  Northern  Pacific  In  Washington  In  1879, 
and  the  major  part  of  the  construction  of  the  main  line  was  done 
In  the  early  SO's.  The  task  of  ascertaining  the  original  cost  of  the 
Northern  Pacific  was  complicated  not  only  by  the  age  of  the  ree- 
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orda  but  by  the  purchao*  of  a  number  of  Importuit  branch  Ilnea. 
Tli«  purcbase  price*  were  available,  but  It  wa«  eiceedlDKly  d«Blrabla 
to  arrive  at  the  actutU  coot  to  tbe  buildera  of  Uiaae  branches  Tbli 
was  determined  with  considerable  accuracy  by  aecurlns  conatriiction 
quantities  from  old  enslneerlns  records  and  applylne  prlceg  currant 
at  the  time  of  conitructlon.  The  total  original  cost  of  main  line  and 
branches  In  WaatalnKton  waa  found  to  be  about  M4, 000,000,  Including 
Improvements  and  betterments.  Of  this  to(«!  80%  was  ascertained 
with  great  accuracy  from  the  accounting  recorda  Of  the  retnaln- 
Ins  20%  fully  half  waa  determined  with  almost  as  great  accuracy 
from  old  englneerInK  records,  leaving  only  about  10%  to  be  eltlniated 
by  field  Inspection. 

It  has  been  r^>eatedly  stated  that  the  original  cost  plus  Ini' 
provements  can  be  ascertained  tor  very  few  railways  in  America. 
Doubtless  this  assertion  has  deterred  other  railway  commissions 
from  even  attempting  to  secure  the  original  dobL  The  facts  arei 
however,  that  of  the  entire  railway  values  In  Washington,  not 
much  more  than  E%  were  such  that  the  original  cost  plus  improve- 
ments could  not  be  found.  Here  age  of  conetruction  has  less  to  da 
with  the  diniculty  of  arriving  at  original  coats  than  Is  commonly 
supposed.  The  greatest  dUDculty  exists  where  purchases  of  lines 
have  been  made  without  transfer  of  the  construction  ledgers  from 
the  original  owners  to  the  purchasera  In  many  Instances  such 
tnuisfera  of  ledgers  are  made,  and  In  nearly  all  cases  transfers  of 
cross  section  books  and  other  engineering  records  are  made.  Tbe 
Importance  of  securing  the  original  Itemlxed  costs  plus  Itemised  costs 
of  improvements  cannot  be  overestimated.  The  conflicting  testimony 
of  experts  in  court  Is  the  bane  of  a  Judge's  lite,  but  with  actual 
original  costs  as  a  basis  there  la  not  grtat  dllllculty  In  determining 
coats  of  reproduction,  for  wages  and  prices  are  a  matter  of  record 
and  the  increase  or  decrease  In  the  value  of  any  item  of  isilroad 
conatnictlon   Is  readily  ascertained. 

The  following  la  a  summary  of  the  mileage  of  the  Northern  Pa- 
cific railway  in  Washington  up  to  June  3D,  1906: 

MUea. 

Main  line (58.7  J 

Branch  Unas  (Incl.  Watii.  and  CoL  Rivers)  . . .    984.G1 

Total  lines 1,61E.1S 

Second   track,   main  line 41.fG 

?mrs 117.6» 
ard  tracks  and  aidlnga 400.75 

Total   track l.SOS.iG 

In  the  findings  of  the  Railroad  Commission  the  following  rolleaga 
was  assigned  to  the  Northern  Pacific : 

Uiles. 

Jfa'n  "no SS7.<8 

Branches   and   spurs 941.T4 

Total  lines , l,Slt.4t 
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Howaver,  we  shall  use  the  mlleaxe  determined  by  Mr.  Gillette — 
namely:  1,64G  miles  of  line — aince  the  followlnK  coats  are  baaed 
upon  that  mllease. 

The  original  cost  ot  the  Northern  PadDc  In  Waahinvton  plui  im- 
provementa  and  bettermenta  uii  to  June  30,  1906,  as  determined  by 
Mr.  Olllette.  waa  aa  given  In  Table  XVI.  In  Ullng  the  lait  column 
of  tbla  table  It  should  be  remembered  that  there  were  I.S4  milea  o( 
all  tracks  to  each  '^lle  of  line" ;  hence  to  arrive  at  the  cost  per 
mile  ot  track,  divide  the  itema  In  the  last  column  by  1.34. 

Tablm  XVI. — OstotNAL  Cost  op  the  Nobtkkbn  Pacific  Raelwat  in 
WABaiNOTON,  Plus  Iupbovbuentb. 
(I.«4E  mile*  of  line.) 


1.  BnKlneerlns    I 

I.  RlKht  of  way . 

t.  Real  estate 

1.  ClearlDK  and  grubblns 

B.  Grading;  ] 

S.  Tunnels   

'   I.  BrtdiKBi  trestles  and  culverts . 

8.  Hasonry 

t.  Ties 

10,  Rails , 

11.  Track  fastenings  

IS.  Frogs  and   switches 

It.  Tracklaylng   and   surfacing 

14.  Ballast  

IE.  Station  buildings  and  flxturea 

II.  EJnglne  houses  and  turntables 

II.  Engine  and  car  shops 

15.  Bhop  machinery  and  toots 

1».  Water  stations 

to.  Fuel  stations 

81.  Fencing  right  of  way 

IS.  Snow   fences,    etc 

3S.  Stocli    yards 

14.  Crossings,  cattle  guards  and  Blgns 

15.  Interlocking  and   signal  apparatus 

M.  IXacks.  wharves  and  coal  bunkers 

iT,  Transfer  boats  and  barges 

IS.  Section  and  tool  housea 

SB.  Miscellaneous  structures  

(0.  Telegraph  lines  

IL  Transporiatlan  charges  ajid  rent  of  equip- 


Total. 

mile. 

Sfi.ZTZ.OO 

:eO,StE.38 

827 

.U.T10.U 

738 

.s»,7ii.se 

9,479 

179,128.94 

;78,00T.2B 

1,38S 

520,B2B.0S 

6.182 

81.  Operating  expenses 

)S,  Construction  equipment  . 

84.  General  eipense   . 

85.  interest  and  d 


ST.  nndfstributed  e 


Total    183,979. 

88.  Equipment  (rolling  stock) 11,478,131.88 

Grand  total   176,467, 


,«20.9« 
,243.07 

,sei.i8 

,759.39 
,207.49 

,868.97 
,840.77 


94.72 
,064.11 
.8(0.64 
,706.  ei 
,666.29 


.910.86 

,743.76 
.744.03 
.190.63 
.009.14 


.772.61     |8S,895 
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or  tUa  tfl3,9T9.T72  coat  of  ConMrUctlon,  fG.g9e.TSG  ima  Spent  tor 
"Improvemeuta  and  bettennenta"  between  the  years  ISSI  aod  ISOL 
The  correipoDdlnB  improTement  expendlturea  prior  to  that  time 
(charged  to  "CoiiBtnictlon  B">  irere  tli951.9Tl,  makloK  a.  total  of 
18.8*8,707  spent  (or  ImprovoraentB. 

It  will  be  noted  that  Item  1.  Bnxlneedng.  omounta  to  nearly  t% 
of  the  total  cost  exclusive  of  equipment  This  very  high  percMitaie 
was  due  to  several  factora.  The  eiploratlona  for  a  pass  ttamosb 
the  Cascade  Hountslna  were  made  at  an  early  date  when  little  was 
deflnlteir  known  about  thetr  topography  and  Chat  exploration  alone 
cost  1800.000.  The  en([ineertnc  on  the  early  branch  lines  coat  t%  o( 
the  111,400,000  apent  tn  building  them,  due  in  part  to  alow  progress 
of  work  In  those  early  ^ya  A  very  considerable  part  of  the  early 
Northern  Paclflc  work  waa  done  by  company  labor,  which  added 
not  only  to  the  expenditures  for  engineering  and  aupervleton,  but  also 
made  the  entire  coat  of  the  work  greater  than  It  would  have  been 
had  It  been  done  by  contract 

Items  Z  and  3  are  small,  because  nearly  all  the  right  of  way  was 
given  by  the  government  But  aa  a,  matter  of  fact  It  should  be  a 
trifle  higher  than  given  In  Table  XVI.  to  provide  for  the  unaacei^ 
(ainable  original  cost  of  right  of  way  of  about  3S0  miles  of  branch 

Item  SI.  Transportation  Charges  and  Rent  of  Elqulpment  relates 
to  the  tHnk  charges  for  hauling  construction  materials  over  the  K  P- 
Ilnea.  Under  a  proper  system  of  accounting  this  Item  would  have 
been  distributed  to  the  materials  themselves. 

Item  32,  Operating  Expense,  relates  to  the  cost  of  operating 
freight  and  passenger  trains  over  the  lines  before  they  were  lonnally 
transferred  to  the  operating  department. 

Hem  3<.  Oeneral  Expense,  was  practically  1%  of  the  total  ooo' 
struct  ion  cost 

On  the  early  construction  work.  Involving  some  110,000,000,  this 
Item  of  general  expense  was  nearly  1%%. 

Item  3G,  Interest  and  Discount,  Is  Inordinately  hl^  It  consists 
mostly  of  discount  on  the  twnda  In  fact  tlie  first  t£2.400.oaD  ex- 
pended, more  than  15,900,000  was  charged  to  Interest  and  discount, 
or  nearly  27%  of  the  total.  Hence  no  general  concluatans  can  be 
drawn  from  this  Item. 

Item  36.  Legal  Expanse,  does  not  appear  in  any  of  the  accounts 
except  for  a  sroall  branch  line,  where  It  amounted  to  nearly  1 
per  cent  of  the  coat  of  that  branch. 

Item  ST,  Undistributed  Expense,  relates  to  certain  Item*  whldi 
were  so  entered  that  they  could  not  l>e  prorated  to  Washington  under 
any  delinlte  Item,  and  were  consequently  grou|>ed  here. 

The  cost  of  reproducinft  (new)  the  Northern  Padflc  Ry.  In  Wasii- 
logton.  as  estimated  by  Mr.  QlUette,  Is  given  In  Table  XVII,  the 
values  of  right  of  way  and  land  being  thos6  finally  determined  by 
~     '        il  Commission. 
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Tablb  XVII. — Cost  op  RapHWjnciNa  tbb  Nobthbhn  Pacific  Rail- 
way   IN    WABHINQTON,   as   ESTIKATB)    BI    H.     P.    QlLLriTB. 

(1,646  miles  of  line.) 

1.  Engineering'.  fi%  ot  Itemi  3  to  ST |  2.510,5gl).2a 

t.  Rlgbc  of  Way,  etc  : 

Terminal  land,  Seattle 13.038.176. GO 

Terminal  land,    Tacoma    7.818.006.00 

Terminal  land.   Spokane   e,30S,1IG.0O 

Terminal  land,   Eiverett    3SS,S30.0O 

Terminal  land,  Belllngham   9in  tkh  nn 

Right  of  war  and  other  station  grounJa 


S,29g,3S4.EO 

32.862,872.00 

944.GD0.D0 

■S0.B4O.0O 

9,BI4.0O 

117,811.04 
24,0E».1B 


Total  right  of  way,  etc t  3 

3.  Clearing  and  Qnibbing: 

Clearing,  9.44B  acrea.  at  (100.00 $ 

arubblng.   16,542  stations,  at  322.00 

Extra  trees  cut,   4,942.  at  (2.00 

Six  branch  lines  (from  acctg.  records) 

Improvements  (from  acctg.  records) 

Total  olearlnff  and  grubbing (     1,427,184. 

4.  Grading: 

Earth  excavation,  1S.GGE.9&8  cu.  yds.,  at  (0.22 

Earth  embank,  (barrow),  3,265,120  cu.  yds.,  at  (0.22 

Unclasslfled,  318,612  cu.  yda,  at  (0.50 

Cement  gravel.  3,483.838  cu,  yds.,  at  (0.40 

Loose  rock.   1.321.720  cu.  yds.,  at  (O.EO 

Solid  rock.  1.735,503  cu.  yda,  _aj:_(_1.10 


Overhaul.   I3!767i3B9  cu.  yds.   100  ft.,  at  (0.01,. 

Riprap,   186,064   cu.  yds.,   at   11.10 

Slope  wall,  3.360  ou.  yds,  at  32.60 

Log  cribs,    882,632  Un.  ft. 


4,084,730,78 
118,323.20 
159,286,00 

1,303.636.20 
eS0.86O.0» 

1,909,053.30 
13T,6T3.S» 
tO4.ST0.40 
S.3T6.4D 


cribs,    882,632  lln.  ft.  logs,  at  lO.lS 141,321,12 

,ber  cribs,   127,774  ft,  B,  St,  at  (2B.00 3,812.12 

branch  lines  (cost  from  acclg.  records) 1,11S.607.7( 


Total  grading-   t  1 

6.  Tunnels: 
Stampede.  9,844  lln,  ft.  (masonry  lined),  at  (180.00. .( 
Seattle,  one-half  interest,  5,141   (dbl.  track  In  earth). 


Total  tunnels    ... 

6.  Bridges,  Trestles  a 

Howe  Tusses  ani 

0-ft.  spans,      1   at   II, 

0-ft-  spans,      4  at  SI. 


Comblnallon. 


3  at 


1,000.00.. 
,(.600.00.. 
iS.GOD.OO.  . 


, _     (3.200.00 

■t.  spaiiB.      6  at  (7.000.00 

•t.   spans,  19  at  |7,BO0.OO 

ilscellaneous  spans  (2.390  lln.  ft.  at  (lO.OO)  . . . 
raw  spans,  1,626  lln.  ft.  at  (60.00 

Total  Howe  trossas  and  combination  spans. . . 
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Pile  and  frame  trenlas  (41,130  M  at  tSO.OOO,  and 
l,301,eit  lln.  ft.  pllei  at  o.JE ;  av.  helsht  trasUe 
19  fL),  188,978  lln.  ft.  at  I18.E0 

Trestles  filled  with  earth   (139.8(2  lln.  ft.),   5,988.784 


Steel  BrtdgeB: 

,    Spokane  River  at  Trent 

Snake  River,  Ainaworth 

Coliunbia  River,  Kennewick 

Tacoma  ChaoDsl   

ChehallB  River 

Walla  Walla.  River.  W.  4  C,  R 
Three  plate  girders   (280  ft.) 

(3S0  ft.),  N.  &  C.  R 

Steel  In  other  brldses,   18.eie,343  lbs.  at  0. 
Haaonry  Bbutmanta  and  piers  for  21G  spans. 


1,774,289.00 
[.1B7,7BB.80 


Total  Bteel  bridsea. 
Culvert* : 
las  culverta,   2(4.943  lln. 


Lag  culverts   264.943  lln.  ft.  Ion,  at  fO.ie t 

Timber  culverts,  6,015.024  ft.  B.  M.  at  138.00 

Box  dralni^  836,730  ft.  B.  M.  at  f26.00 


Total  log  and  timber  culverts, . 
Concrete  arch,  ll.EIO  cu.  yda  at  19.00. , 
Stone  drains,  8,781  cu.  yds.  at  18.00 


226  Itn.  (t.  a 
137   Un.  ft.  a 


lgl.G3S.IB 
103,680.00 
£1,848.00 


Total  masonry  culverts t 

Vltnaed  Pipe: 

Sa  lln.  ft  .at  J0.26 f 


614.G0 

les.s* 

169.80 


300  lln.  fL  at  fl.OO 

24  lln.  ft.  at  I.EO 

883  Un.  ft  at  3.00 

37  lln.  ft.  at  3.80 

731  lln.  ft   at  3.76 


1  Un.  ft  a 


4.76.. 


Ii,433  Un.  ft.  at      T.OO 

4,(ES  lln.  ft  at     9.00 

863  Jin.  ft.  at  13.00 

1,038  lln.  ft.  at  18.00 

618  lln.  ft.  at  21.00 

198  lln.  ft  at  35.00 

:orrusated  Iron,  960  ft  at  (3.00. . 


.  .  _    i^ulve 
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7.  Tlea: 

<!,iD5.Z4  miles  at  S.OOO),  6,G1E,T50,  at  tO-SD .t  3,307.876.00 

8.  Bal)a: 

iil.SeT  tons  at  MO.OO t  8,854,680.00 

9.  Track  Faitenlnga:  ^ 
Spikes  (e,EO0  lbs.  per  ml.),  14,J34,ISe  lb<.  at  tO.OI8..t  401,3tE.EO 
Anfcla    bars    (11,E0O    lbs.    per    mi.),    38,812,400    lbs., 

at     10.026 970,310.00 

Bolts  <1,BOO  lbs.  per  ml.).  3.909,450  lbs.  at  30,032...  127,022.00 

Rail   braces,   838.&S0   at   30.10 S3.89B.00 

Tie  plates,   1,E2G,000  at  lO.OB 122,000.00 

Total  track  faatenlnKS 3  1,704,582.90 

10.  Frogs  sjid  Switches: 

Switches,   2,BS0  at  380.00 ^ |  228,000.00 

1,«45  miles  at   (1,000.00 t  1,846,000.00 

660  miles  at  tSOO.OO 130,000.00 

Total  btOlMt    t  1,981.000.00 

12.  TracklarlDC  and  Surraclns: 

1,206.26  miles  at  tTOO.OO 3  l.G43,BT5.00 

13.  Fenclns  Right  of  Way: 

From  accolmtlnK  recorils  plus  20% t  227.682.00 

14.  Snow  Fences  and  Sheds: 

From  accounting  records  plus  iO% 3  166.6S6.0D 

16.  CroaabiKs,  Cattle  Guards  and  Signs; 

from  accounting  records  plus  20% t  122,222.00 

18.  Telegraph  Ldne*: 

From  accounting  records  plus  20% 3  248.835.00 

17.  Station  Buildings  and  Fixtures: 

Seattle  terminal  station  <U  Interest) 3  i80,000.00 

~    ]    combination    depots    (frame).    16T,UG2    sq.    ft.    at 

360,693.00 
162,106.00 

_.__...  32,200.00 

al  (rel^t  depots  (frame),  691,060  aq,  ft  at  31.00, . .  691,060.00 

S  frelKhl  depotH  (brick),  81.320  sq.  1%.  at  31-60 121.980.00 

Warehouses  (frame),  378,741  sq.  ft.  at  31-40 527,437.40 

720  wood  platforms,  1,000,790  sq.  ft  at  30.10 100.679.00 

16  cinder  platforms,  26,492  sq.  ft  at  fO.OO 1.689.62 


31.60   '. '. '... 

100  passenger  depots  (frame)    121,684  sq.  ft  at  11.2 
Spokane  passenger  depot  (brick),  8,060  sq.  ft.  at  14,0 


closets,    10,668  sq.   ft  at  |i.00 10.688.00 


t  platforms,  34,631  sq.  ft  at  t< 
198  waUr  closets,    10,660  sq.   ft  at  tl. 

Track  scales,  28  at  tl.300.00 as.iuu.uu 

Total  station  buildings t  2.109,804.67 

18.  Engine  Houses  and  Turntables: 

8  engine  houses  (frame).  27,686  aa.  7da  Bt  $0.76. ...(  20,701.60 

Engine  houses   (frame),  20  stalls  3900.00 13,000.00 

Engine  houses   (brick).   71  slsUs  at  11.600.00 106,600.00 

Turntables   28  at  12,800.00 78,400.00 

«ash  pits,  277  Un.  ft  at  f  16.00 4,156.00 

Total  engine  houses  and  turntables 3  227,819.60 
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^,        ,11,-'         J  »rt*iiie),    114,G:1 

Pll6  and   frame   treWlea   (**-'      .,-<. i  e7,Z<l.Ge 

1,S0*,BU   "n-, '^,  BU**  '    ,-  -."tMae*    (bTiek>,    M9,68S 

Tvitf™  nil^  ■  -i  >'  ■". 88S.088.6O 

■-■  ,'/^<ii  'f'tU  ■"<'  BtDr«  bouBco,  20.14G  aq. 

Steel  '      -i^^r^ 10.1II.60 

8P<*       >^'jr*"'^' " '"'" "»-as 

?■  '""t-L  "i**^  "*  *""  **"** *       '•W*>-'S 

"■  ^Suitln*  records  plu»  10% t         SGS.IOS-OO 

„'  k.  <I  pump  taouws,  etc   (from  accountliv  rec- 

«^^uiil)%) %        S9B,0S0.a0 

gf_  Fuel  Statlooa: 

r^ga  accountlnK  record!  plus  iO% I         9B,4S3.DS 

«.  Stock  Tarda: 

itJiAa.  SOLSBT  aq.  tt.  at  fO.OG t  tO.lM-U 

14.  luterlocklng  and  Slsnal  Apparatus; 

jMm  accounting  record*  plua  10% S1,C4g.(10 

IE.  Docks,  Wbarves  uid  Coal  Bunker* ; 

From  BccountltiK  recorda  plua  20% t      t.tlMiO"^ 

St.  Section  and  Tool  Hooses: 

124  section  houwa.  S9.8G6  sq.  ft.  at  tl.lG t        111,1)]-SD 

SO  bunk  bouses,  2ff.43D  sq.  ft.  at  tO.TO tO.COl.M 

14T  tool  houses.  2T,833  sq.  ft.  at  io.EO II.SIS.GO 

Total  section  and  tool  houses t       14MGS-Se 

2  T.  lUscellaneouB  Strticturea : 
From  accountlnK  recorda  plus  20% t     l,JSl,G30.«O 

28.  Legal  and  Oeneral  Expense: 

1%  of  Items  3  to  27  Inclusive $        tOt,ll(.01 

29.  Interest  During  Construction: 

S%  ot  Items  I  to  28  (except  Item  2) $     :.l*l,tl(.D4 

30.  Stores  on   Hand I         M0,(77.0» 

Total  of  Items  1  to  30  Inclusive 8  B>,2T8,0e4.T« 

31.  Equipment: 

LocomoUves    8     4,242,BB».(1 

p^^hf^' .::::::::::::::::::::;::::::::::::::::::    8:o4o:2h:« 

Work  and  miscellaneous S01,S7g.$G 

Total  equipment I  14,SS4,J77.11 

Grand  total  of  Items  1  to  31  Indutfve tlOS,<13,441.97 

It  will  be  noted  that  Item  1,  BnglneerlnK.  was  eHtlmaCed  at  t%. 
Instead  o(  the  3^%  which  was  used  for  the  Great  Northern.  Since 
enslneerlns-  had  actually  cost  the  Northern  Paciflc  G%,  Mr.  OllUIte 
considered  It  fair  to  allow  that  amount,  particularly  bi  view  of  the 
fact  that  there  was  a  large  mileage  of  cheap  branch  lines  where  the 
Item  of  engineering  would  form  a  larger  percentage  than  on  main 
line  construction.     The  Railroad  Commission,  however,  adopted  n 
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iH%  for  all  the  railways  In  the  state  as  a  tali:  allowance 
for  enBlneerlDB. 

Item  t.  Land,  does  not  Include  any  land  not  actually  uted  or 
needed  for  railway  purpaees  In  the  Immediate  future.  The  North- 
em  Pacinc  Ry.  haa  a  right  of  way  400  ft.  wide  on  much  of  Its  Una. 
given  to  It  by  the  govemmenL  The  Kallroad  Connnlsslon  allowed 
a  100  ft.  strlD  aa  belnc  ell  that  !■  actually  needed  for  railway 
purpoBca.  except  in  towns  and  cities.  In  addition  to  the  lands  owned 
and  used  for  terminals,  there  was  land  of  the  lollowlns  value,  which 
was  not  Included  In  Item  2  because  it  l«  not  needed  (or  railway  pur- 
poses at  present : 

Spokane   I   1,194,156 

Tacoma 4,9S0,«1T 

Seattle    S,2GD,000 

Total   (15,434,673 

The  value  of  the  right  of  way  land  not  needed  (or  railway  pur- 
poees  was  determined  to  be  $91S.1S4.  and  la  not  Included  In  Item  2. 
Item  4,  Gradinc,  Is  equivalent  to  the  following  yardage  per  mile 
of  line:        , 

Cu.  yda  per  mile. 

Earth  excavation    11,3£5 

Earth  embankment  (borrow) 1,990 

Unclassified 19B 

Cement  gravel  2,125 

Loose  rock   805 

Solid  rock 1,056 

Total    17,491 

■  branch  lines  (unclasslfleil) 1.700 

a  I^  S.  *  E.   (unclassftled) 130 

Improvements   (unclassified)    4,54G 

Treaties  filled    (Item  e> 3,050 

Grand  total 26.520 

The  Items  of  yardage  In  the  "6  branch  lines"  and  of  yardage  <n 
"Improvements"  are  eatlmated  by  assuming  that  the  unclasallled 
yardage  on  these  branch  lines  cost  40  eta  per  cu.  yd.  and  that  the 
yardage  in  Improvements  cost  SO  eta  per  cu.  yd.  Since  moat  of  the 
Improvement  yardage  was  bank  widening,  the  lower  unit  price  for 
this  unclasslfled  work  la  Justlfled.  By  referring  to  our  issue  ot 
Dec.  S  It  will  be  seen  that  the  yardage  per  mile  on  the  Great 
Northern  waa  28,570  cu.  yda  per^mile. 

Table  XVIII  gives  a  summary  of  Mr.  Gillette's  estimate  of  the 
coat  of  reproduction  (new)  and  the  present  value  (second  hand)  ot 
the  Northern  Paclfle  in  Washington.  The  annual  rates  of  depreci- 
ation of  the  different  classes  of  structures  and  of  equipment  were 
the  same  as  those  used  in  calculating  the  present  value  of  the  Great 
Northern. 
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TxBiM  XVIII. — Cost  or  Rspboocction  At 

NOBTHHIN    PACinC    RT.    IN   ' 

(l,e«6  Ulles.) 
Cost 

Df  repnidu 


VALin  or  THM 


t.  BngliierlnB t 

!.  Rlgiit  of  way,  etc. 

I.  ClearinK  and  srubbltiK 

I.  Qradlng    

>.  Tunnels 

1.  Bridges,  treHtles  and  culvarta 

r.  Ties    

i.  Rails 

i.  Track  laBtenings    

).  Ttosb  and  switches 

1.  Ballast 

I.  Tracklaylns'  and  surtaclng.  ■ 

I,  Fencing  riglit  of  way 

1.  Snow  fences  and  sheda.... 
>.  Crosdngc^  cattle  guards  und 

i.  Telegraph  lines 

r.  station    building    and    fix- 

l.  Engine  houses  and  turnlables 

).  Engine  and  car  shops 

I.  Shop  machinery   

1.  Water  stations   

!,  Fuel  stations 

).  Stock  yards 

I.  Interlocking  and  algnal  ap- 
paratus    

i.  Docks,  wharves  and  coal 
bunkers 

I.  Section  and  tool  houses. . . . 

[.Miscellaneous   structures... 

t.  Liegal  and  general  expense. , 

).  Interest  during  construction 

).  Stores  on  band 


I,lS7,lgG 

2,513, ass 

1,113.030 
T,TTt,S4S 
3,S0T,8TB 
B,8G4,egO 
l,T04,GSt 
iSS,000 
1,9S1,000 
l,513,fi7ll 

15S,E9S 


£48.835 

i,10S,8SE 
217,819 
939,984 
3&S.408 
39I),I}G0 
96,453 
!0,170 


146,8S3 

1,382.530 

Efti.ns 
S,e«l,21B  ,, 


e,Egt,EG7 
1,SS3,»18 
7,083,741 
1,163,638 
133,400 
1,981,000 
1,S43,(7S 
II5,21E 
li:,74S 


1,717,769 
ISE,3!t 
814,169 

199,713 
255,481 
73,976 
13,787 


Grand  total 3103,613.44! 


Tamlm  XIX. — Cost  or  Refhoductioh  op  thb  Nobthbbn  PAcma  IK 
Wabuinoton. 

Per  mile 

ol  line.* 

1.  Enslneertiig 

•:.  RlBbt  at  way,  etc 

:.  Clearlns  and  srubblnS'  ■ 

..  QradlDs    

i.  Tunoela   , 

t.  Brldseii  treaties  and  culverts 4,72S 

L  Ralla  ".■.■.■.■.■.■.'.'.■.■.■.■, 
}.  Track  tkManlngs  .... 
10.  Fron  and  vwltcbeB. . 
'..  BallaBt 


12.  Tracklkjliw  and  •urfacliiK.  ■ 

1).  Fencing  lisht  oC  way 

'.  Snow  feocea  snd  sheds. . 


IE.  CroHlnsa,  cattle  guards  and  elsus. 

16.  TeleEraph  lines lEl 

IT.  Station  DulldlnKS  and  fixtures 1,2SS 

18.  BoBine  house*  and  tumtablea ISt 

IS.  BoglDe  and  car  shops. . 

20.  Shop  machlneiy 

21.  Water  Btatlons 

2S.  Fuel  staOons 

23.  Stock  yards  . 


I.  Legal  and  general  expense. . 

I.  Interest  during ' "  — 

I.  Stores  on  hand. 


Grand  total |e2,S»3 

•There  are  1.34  miles  of  track  per  mile  ot  line. 
The  actual  cost  ot  the  equipment  on  tbe  entire  Northern  PtcMo 
Bystem,  up  to  June  tO,  1806,  was  as  follows: 

Locomotives    t]2,BTT,S2S.!3 

Passenger    Bfi7t,1t».S9 

Freight    21,416,740.43 

Work  and  miscellaneous 1,*CI4.18E.ll 

Trust  equipment    3,0S2.S20.4S 

Discount  and  commlaalon (I3S,SGS.42 

Total  equipment   f4MEG,g8Z.eS 

The  above  does  not  include  the  equipment  of  the  Washington  and 
Columbia  River  Ry.,  wfalch  was  estimated  by  Mr.  Gillette  to  hava 
cost  ma  follows : 

Locemotlvea    t  <0,000 
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The  coat  ot  the  locomatlrM  In  WaAlnston  wu  tMMd  VpOD  tb* 
coat  of  UioMi  actually  uaeil  In  that  ttttte.  The  com  ot  passenBcr 
and  freight  cara  waa  apportioned  to  Waahlngton  accordlnK  to  car 
mileage.  The  coat  ot  work  equipment  waa  apportioned  acconUus 
10  mileage  of  railway  line  operated.  On  this  taalB  the  lollowlns 
coata  were  arrived  at  for  the  at&te  of  WBahlnst«n ; 

Orlgtnat  Coat  Present 

coat.         reproduction.      value. 

LjocomoUvea    I,ES9,GSZ  4,24I,»E(I       3.71E.48t 

Passenger    l,&3S.lg4  1,417,691  StS.EH 

Freight    6,66E.DG4  S.040.2SS        6,888,380 

Woric  and  mlacellaneoui b24,8G1  SOl.ETg  42G,GI3 

Total   tIM7B,lll     114,334.977      3S,e77,R4T 

The  "coat  of  reproduction"  waa  determln«d  by  adding  1G%  to  the 
original  coat  to  provide  for  Increated  prices.  The  "present  value" 
waa  determined  by  deducting  from  the  "coat  of  reproduction"  a  de- 
preciation of  3.(%  per  annum. 

In  thia  connection  it  la  Intereatlng  to  note  that  the  report  of  the 
Northern  Faclflc  Ry.  to  the  Interstate  Commerce  Commioalon  for 
the  flacal  year  ending  June  30,  190S,  gave  the  value  of  the  equipment 
at  332,044,280,  or  about  70%  of  Its  orlgliial  cosL  Mr.  Qlllette's  esti- 
mate of  the  "present"  value  was  S7.d9i,  of  the  orlglDal  cost,  which 
shows  that  the  Northern  PadDc  Ry.  had  charged  oS  for  depredation 
only  slightly  less  than  Mr.  Qlllecte  has  estimated. 

It  Is  alBO  worthy  of  comment  that  many  railway  englneere  have 
erred  In  their  eEtlmates  of  the  coat  of  equipping  railways,  largely  be- 
cause they  have  talcen  the  total  cost  of  equipment  elven  In  ihe 
Interstate  Commerce  Reports  and  have  divided  It  by  the  total 
mlleaie  of  railway  lines.  It  has  not  t>een  genetally  known  that 
the  coata  given  In  the  Interstate  Commerce  Commission  reports  are 
depreciated,  or  second  hand,  values. 

In  rouBhly  estimating  the  probable  coat  of  equipment  of  B.  ateam 
railway  line  the  proper  method  la  obvloualy  to  baae  the  eattmate 
upon  the  ton-mllea  (or  car-miles)  ot  freight  per  year  per  mile  of  line- 
In  Engineering-Contraotins,  June  IS,  1907,  the  freight  carried  pet 
mile  of  railway  In  America  waa  shown  to  have  been  830,000  ton- 
miles  In  1804.  Since  the  Northern  Pacific  cairied  84E,ODD  ton-mlles 
In  1908  per  mile  of  line  In  Washington,  It  may  be  regarded  as  nearly 
typical  of  the  average  American  road,  eo  far  as  freight  la  concerned. 
On  the  other  hand.  Its  passenger  trafllc  is  considerably  leas  denae 
than  that  of  the  averam  American  road.  It  la  safe  to  say,  thcre- 
tora,  that  the  coat  of  the  equipment  of  the  Northern  Pacific  ia  fairly 
typical  ot  the  average  railway  In  America.  Roughly  q>eaklnK.  then, 
the  cost  of  equipment  of  an  American  lallway  Is  tlO  per  1,000  ton- 
mllea  carried  per  annum  per  mile  a(  line. 

During  the  Qscal  year  ending  June  30,  1906,  there  were  1,390,084,- 
487  ton-mllea  of  freight  carried  over  the  Northern  Fadflc  within  the 
atate  of  Washington,  or  846,000  ton-mllea  par  mile  Of  line.  This 
was  almost  50%  more  per  mile  of  line  than  waa  carried  by  the  Great 
Northern,  which  accounts  for  the  hlgber  cost  of  tbe  Northern  FaclBc 
equipment  per  mile  ot  line. 
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In  drawlnx  concluBEoiis  relative  to  the  probable  avertkce  coat  of 
railway  lines  ttarougtiout  the  country,  aerloiu  errora  have  bsen  made 
by  considering'  only  the  coata  in  one  or  Ivo  Btates.  It  will  be  noted 
tbat  the  cost  of  tennlnal  lands  In  Waahlngton  la  enormoua  when 
charsed  entirely  to  the  road  mlteage  within  that  state.  In  the  find- 
fncs  of  the  Washington  Railroad  Commission  It  was  determined 
that  tt,t%  of  the  entire  value  of  lands  used  by  the  whole  Northern 
Pacific  Ry.  system  exists  In  the  state  ot  Washington. 

The  Railroad  Commission  also  determined  that  t2,i%  of  the  entire 
-cost  of  tunnels  and  31.6%  of  the  entire  cost  of  bridges  on  the  N.  P. 
system  Is  found  In  Waahlnffton. 

These  figures  show  clearly  the  rugged  character  of  much  of  the 
country  traversed  by  the  N.  P.  In  Washington.  Unqueatlonably  the 
cost  of  Its  lines  In  that  state  t&r  exceeds  the  cost  In  any  other  state 
through  which  It  nasses.  The  same  also  la  true  of  the  Great 
NorthertL 

Cost  of  600  Miles  Of  the  O.  R.  A  N.— My  appraisal  of  the  Oregon 
Railroad  and  Navigation  Co.  lines  In  the  stale  of  Waahtngton  gave, 
briefly,  the  following  reaulta : 

On  June  30,  19DT.  there  were  501  miles  of  single  track  main  line 
and  branches  and  SS  miles  of  sidings  and  yard  tmclc  The  con- 
struction period  was  from  1ST6  to  1SS9,  but  most  ot  the  mileage 
was  built  in  the  SO'a 

The  toUowing  was  the  original  cost  of  construction  per  mile  of 
single  track  main  line  and  branches  (EOl  miles)  : 

Per  mile. 


..  Engineering  . 
:.   Superlntenden 


-.   Superintendence  and  Inspection 78 

S.  Right  of  way *00 

4.  Lands  and   depot   grounda 1,884 

e.  Grading 1,S03 

t.  Clearing  and  grubbing 85 

7.  Tunnels S<0 

8.  Bridges,  trestles  and  culverts 2.G18 

».  Ties 1.197 

10.  Ralls    6,583 

11.  Track  fastenings   884 

12.  Frogs  and  switches Si 

13.  Ballast  E2« 

14.  Tracklaying  and  surfacing 798 

IE.  Fencing,  croasingH,  cattle  guards  and  signs IIS 

18.  Telegraph  lines 4 

IT.  Station  buildings  and  flzturea 845 

18.  Section   houses    141 

19.  Knglne  houses  and  shops 190 

20.  Turntables  60 

SI.  Shop  machinery  and  tools 10 

12,  Water  stations  285 

a.  HIscellaneouB  structures   39 

14.  Legal  eitpenaes 8 

16.  Interest  and  discount GTS 

IB,  Oenersl  expense lOS 

ST.  Taxes  8 

!B.  Vlscellaneous,  undistributed. 581 

Total  original  construction 123,931 

Betterments,    undlstribuled    2.388 

Grand  total t2S.319 
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Permile. 

1.  BoKlneerinc  (1^%  of  Itona  2  to  11) t  '06 

2.  OradliiK    <,8M 

i.  Tuiui«l8    140 

4.  BridB«a,  trestlea  aad  culvertB 1.781 

E.  Tlea  1  get 

e.  HallB   4,B16 

T.  Track  (anenlngs- BIS 

8.  Frags  ajid  swltchea 71 

9.  BalUat 711 

10.  Tracklayliyc  and  mrfaclDK gig 

11.  PencEng  right  of  wajt 3E( 

11.  CrOBBings.  cattle  guards  and  algns 44 

15.  InterloclclnK  and  slgiial  apparaiiu 48 

14.  Telesraph  lines SO 

IE.  SUtl on  building!  and  flxtures ISI 

16.  Shops,   roundhouses  and  turntables ItE 

IT.  Shop  machinery  and    tools 40 

18.  Water  station 1«( 

19.  Fuel  stHtioni El 

10.  Storage  warehouses Ill 

21.  HlBcellaneoua  structures 307 

12.  Taxes   8 

15.  Section  equipment It 

14.  Legal   and   seneral   expense    (1%    of   Items   to 

lo  22 )    sot 

15.  Interest  (E%  of  Items  I  to  14) I.OGE 

2S.  Stores  on  hand 481 

Total    I22.83S 

11.  Right  of  way  and  terminal  ground* 4,487 

Total    117,111 

28.  Equipment   (rolilng  stock) 1,9>< 

Grand  total |S0,11« 

^r  a  more  detailed  statement  of  the  forecolns  items,  consult  the 
flies  ol  Sngtu^eTing-ContraeUno,  year  1210. 

Note  that  there  were  88  miles  of  sldetraclu  In  addition  to  the 
EOl  miles  of  main  line.  Hence  the  above  costs  per  mile  of  main  line 
should  be  divided  by  I.ISS  to  ascertain  the  cost  per  mile  of  track. 

Appraised  Value  or  the  Btsam  Rsllwsys  of  Wisconsin.*— Id  our 
Issue  of  June  28,  1907,  was  published  the  appraised  value  of  the 
railways  of  Wisconsin,  as  of  June  JO.  1302.  The  followlne  Is  a 
brief  summary  of  the  last  valuation,  as  of  June  SO,  190T,  which  was 
completed  In  December,  1908.  under  the  direction  of  Prof.  W.  D. 
Pence,  Engineer  of  the  Wisconsin  Tax  Commission  and  of  the 
Railroad  Commission,  Table  I  is  a  summary  of  the  first  and  the 
last  valuations. 

*Ensineerinii-CoKtracH«Oi  Jan.  19,  1910. 


TAKLI     XX. COUPAKISON     BnWCBtl     FtSST     AND     FIFTH     WuCONBIN 

STSAM    RaAD    VALUATIONi. 

— Valuation  ai  of  date. — 

June  30.  1903.  June  SO,  190T. 

47  52 

J  lensth.  road  mileage S.SGS.aS  7,090.39 

Coat  of  reproduction; 

rty,    new    total tSOE,7(0.51>     tZ44,12g,Sfig 

t  ot  reoroductlon : 

.^_ -IIS  condition,    total Jtg.TGS.ElS        19t,E39,314 

Rsproductloa  cost  per  mile  of  line : 

Property  new 

Present  value  per  mile  of  line 

Per  cent  condition s£.d  sn-t 

The  mllease  on  June  30.  1O07.  was  aa  followe: 

Uain  line S.ElS.es 

Mnin  line,  ioint,    M  ll>t«reat 9.80 

1  line   ESl.Sa 


431.6. 

TWrd  track   40.03 

Fourth  track 36.64 

Total  "trackwar"  7.S»8.ia 

Spurs  and  sldlnKi l,S23.t3 

Spura  and  aiding  Joint  M  lotereat 62.83 

Spura  and  sldlnga  Joint,  \  interest 1.32 

^ura  and  siding  Joint,  %  InterVM D.2B 

Croaaovera    0.04 

Orand  total  track ia.17S.93 

The  total  appraised  votueit  new  and  <n  present  <depreciat«d)  con- 
dition, aa  ot  June  30,  1»07,  ore  aa  In  Table  XXI. 
Tablb  XXI. — Valuation  Naw  and  ik  Dkprzciated  CoNornoN  of 
Wisconsin  Railwatb. 

Cost  of  reproduction. 


1  30,339,419 

3»,3   1,3 

3S,S9  .8  7 

'74  [O  8 

Track  laying  and  aurl^ins 

Telegraph  lines 

Telephone  lines  and  distribution  ayatem 

It:  11 

Suh-atatlona    

4.   19 

e  above  Item* flSl,GG2,23e     fl3S.S93.7ST 
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27.  E^glnecrlnK.       niperlntendciiee.      and 


lee.1  expenne.,  4.t%  of  all  the  alwve      ^  ^^^  ^^^ 

Fr«iKht   equipment 

30,914,118 

7.3I1.&1S 

s,i9j,ar- 

20.479.(IS 


1.IS«,»} 


31. 

ToCalB  of  all  the  above  Items 1219. 1«l, 833      tl7G,>7«,2S3 

35.  FrelKhton  construction  material,  0.7% 

of  Items  1.34 1,G33,«EE  1,20»,G39 

36.  Interest  during  congtructton,   3%  ;  Or- 

gnnlBttlon. ',  contlnsenciea,  E.G%  ;  in 

all,",o(   Items    1.34 20,7S8.!2G  II,4ej.M7 

37.  Stores  and   mippllea  on  tumd  for   use 

in    Wisconsin 2.«OG,OG4  2,Gg7,IIS 

1.314 


Totals t244.128.8t8     tl9<.2! 


Includes  doclt  property  and  all  lines  under  construction. 
DividInK  each  of  the  items  In  the  flrst  column  of  Table  XXI  by 
r,090,  we  have  the  following  cost  per  mile  of  roadbed : 


1.  Right  of  way, 

2.  Real   estate. . 

3.  Qradlns    


Per  mile 
of  roadbed. 
...t  3.714 


G,GG4 

Ill 

6.  BrLdgea,    etc 2.fi2S 

B.  Ties    

7.  Ralls    

8.  Track   fastenings 

9.  Froga.   etc 

10.  Ballast     

1 1.  Tracli  laying  and  surfacing. . 

12.  Fencing 

1 3.  CroBBlnKS.  etc. 

14.  InCerloclilng  and  signal 

IK.  Telegraph - 

IG,  Telephone  . 


17.  Statfo'.      _ 

IS.  Shops  and  : 


31.  Fuel  stations 

22.  Grain  elevators 

3S.  Warehouses    

24.  Docks  and  vharves. . 


lal  of  above 322.783 


IT.  BnKlneerinK  ■ 


equipment . . 


10.  FVel^t  equl[n_- 

si.  UlBcellaneoua   e^ulimient. . 

S2.  Fenieat  etc 

33.  BlectTlc  plBDta iS 

M.  Shop  machinery  and  tools 222 

Total  of  above (sa.SlS 

35.  FrelKtit  on  construction  malcrlale 21E 

88.  Interest    during   construction,   contlnKencles, 

etc.   2,93» 

37.  Stores  on  hand 387 

Grand  total 134.424 

Since  there  are  1.43E  miles  of  track  per  mite  of  roadbed,  each  of 
the  above  Itema  should  be  divided  by  1.43E  (or  multiplied  by  0,7) 
to  obtain  the  cost  per  mile  of  track.  Fgr  example,  Item  II,  "Track 
larlng  and  surfadns."  is  3472  per  mile  of  roadbed,  which  Is 
equivalent  to  0.7  x  1472  =  $331  per  mile  of  track,  which,  by  the 
way,  la  an  eiceedlnely  low  estimate  of  coat 

Cost  per  Mile  of  Railways  In  Wlsconaln  and  Michigan.* — In  the 
year  1900,  Prof.  Mortimer  E.  Cooley  made  an  appraUal  of  all  the 
Btcam  railways  In  Michigan  for  the  Board  of  State  Tax  Commls- 
■lonera  A  field  Inspection  was  made  of  every  structure  to  deter^ 
mine  Its  "present  value"  expressed  as  a  percentage  of  Its  value  now. 
About  33,000  freight  cars  were  Inspected  for  the  same  purpose.  By 
examlnlnK  aecorda  of  transfer  of  lands  It  was  decided  to  uaa  a  factor 
of  2  to  2K  hy  which  to  multiply  the  market  value  of  adjacent 
property  to  obtain  Its  "value  for  railway  purposes."  It  la  a  well- 
known  fact  that  a  railway  usually  pays  two  to  three  times  the 
ordinary  market  value  of  land  In  securing  Its  right  of  way. 

Prof.  Cooley  did  not  secure  the  "original  coat"  of  the  railways; 
that  la,  he  did  not  secure  the  cost  as  determined  by  an  Inspection  of 
the  railway^  records :  but  he  made  his  own  estimate  of  (he  "cost 
-o(  reproduction"  under  the  then  (1900)  existing  conditions  as  to 
prices,  wages,  etc.  An  examination  of  hU  estimate  leads  us  to  think 
that  It  waa,  hi  many  Items,  much  too  low.  even  though  he  added 
10%  for  cantingenciea  But  the  railways  have,  as  yet,  not  fought 
the  estimate,  because  it  was  made  for  taxation  purposes,  and  the 
lower  the  eatlmate  to  the  more  to  their  liking. 

The  Wisconsin  appraisal  was  made  by  Prof,  W.  D.  Taylor  for 
the  State  Board  of  Asseasment.  He  began  this  work  In  June,  1903. 
and  made  his  tinat  report  IS  months  later.  Prof,  Taylor  pursued 
much  the  same  plan  aa  that  pursued  by  Prof.  Cooley,  except  that  he 
required  the  railways  themselves  to  submit  first  their  own  estlmatea 
of  the  cost  of  reproduction,  which  he  subsequently  checked,  addine 
13^%  to  their  appraisal  Of  course  the  railways  tried  to  keep 
their  estimates  as  low  as  possible,  for  the  reasons  above  given,  and 
It  Is  quite  apparent  that  the  estimates  were  too  low,  even  after 
Prof.  Taylor  had  added  the  BV4%  for  contlngenclea 

*Snffititerinti-ContracHno,  June   i(,   1907. 
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Now  that  the  state  of  Wlaconria  has  begun  to  use  the  wpralaed 
values  of  the  railways  aa  a  baBla  tor  rate  maUng.  the  ahoe  la  on 
the  other  toot,  and  It  la  not  unlikely  that  the  rallwayB  will  ulti- 
mately demand  a  new  appralaal,  juit  aa  •ame  at  the  rallwayn  In 
Texaa  have  already  donft. 

The  appralaed  valuea  of  the  Wlaconaln  and  m-hig^T.  railways 
are  Klven  In  the  reporta  of  Prof.  Taylor  and  Prof.  Cooley  In  mich 
form  aa  to  admit  of  ready  conparlaon.  T&ble  XXII  Is  prsKoted 
herewith  In  the  belief  that  It  mar  be  Of  tlW  to  many  of  our  readers. 

The  column  ahowlng  the  percentagB  of  coiit  of  each  Item  !■  par- 
ticularly Interesting.  It  will  be  noted  that  Kradlng-  cost  only  ie.S% 
In  Wisconsin  and  1(1.6%  In  HlFhlgan.  To  the  averase  engineer 
KTBdlng  seems  Buch  a  very  Important  Item  that  a  knowledge  of  lu 
real  relative  Importance  becomes  very  Instructive.  Oiadlng  in  the 
more  rugged  state  of  Washington  Is  far  more  expensive  per  mils 
than  In  the  states  of  Wisconsin  and  Ukhlgan.  Indeed,  there  Is 
Bcarcelv  un  Item  of  cost  In  Washington  that  Will  not  exceed  the 
coats  given  In  the  accompanying  tables. 

In  using  these  tables  the  reader  Is  cautioned  to  bear  In  mind  the 
fact  that  the  costs  are  expressed  In  the  "mile  of  line"  as  the  unit 
and  not  In  the  "mile  of  track."  There  are  practically  1.4  "miles  of 
track"  In  each  of  the  two  states  per  "mile  of  line." 

It  will  be  noted  that  the  "mile  of  line"  la  here  used  as  synonymouB 
with  the  -"mile  of  roadbed." 

Prof.  W.  D.  Taylor  used  the  tallowing  method  In  appralting  the 
"present  value"  of  steel  rails  In  Wisconsin  lliie&  If  the  market 
value  of  new  rails  Is  !3g  per  ton,  and  the  Scrap  value  Is  tl2.  then 
the  wearing  value  Is  J16.  If  Inspection  Indicates  that  40%  of  the 
life  has  been  used  up.  the  present  condition  of  the  rail  Is  60%, 
and  Its  present  value  per  ton  Is  tlZ  -1-  *0%  of  flB  =  tZl.SO  per  ton. 

Ur.  Taylor  adds,  however,  that  another  point  of  view  might  be 
taken.  If  the  price  of  new  rails  at  the  mills  In  Chicago  Is  t^K  and 
the  scrap  price  at  the  mills  Is  tl4,  and  if  the  rail  Is  uaed  at  a  point 
20O  miles  from  Chicago,  then  the  cost  of  transportation  Is  fl  per 
ton.  This  would  make  the  price  of  the  new  rail  fI9  delivered,  and 
would  reduce  the  value  of  the  scrap  rail  to  fll  at  the  place  of  re- 
moval. To  lay  the  new  rail  would  cost  fS.GO  per  ton,  making  a 
total  of  tSl.GO  per  ton  In  place.  To  take  up  and  load  the  old  rail 
would  cost  tl  per  ton,  making  the  net  realisation  from  Its  sale  In 
Chicago  but  iJi  per  toiL  In  addition  the  eld  rail  has  lost  S  to  t% 
of  Its  weight 

Hr,  Taylor  states  that  the  Chicago  and  Northwestern  Ry.  ex- 
pended til  per  mile  of  roadbed  In  preparing  the  cost  data  (or  some 
1,8D0  miles  of  Its  road.  But  he  does  not  state  what  the  state  of 
Wisconsin  spent  In  reviewing  these  data  submitted  by  the  rallwaya 

In  the  appraisal  of  the  Michigan  ndlways  the  following  unit  prices 
were  used: 

Barth  (Incl.  overhaul),  per  eu.  yd. I  B.30 

Hall*   new,  per  ton !8.0(( 

Rails,  scrap,  per  ton IJ.OO 

Ralls  wearing  valuo  per  ton K.on 


Ralls  wearing  valuo  per  ton... 
Ties  (15  to  1?  per  30  ft.  rail). 


Life  of  trsstlea  was  conalden 
Life  of  telephone  poles  and  t 
Copper  wlr«  depreciation : 


Percf 


For    1  yean  and  lesa  than    3  reara £  14 

For    3  yeara  and  less  than    G  years E 

For    6  years  and  less  than  10  years ID 

For  10  years  and  over  (Junk  value) 20 

UnderKTOund  conduit  per  year 2 

Cable   (aerial  or  underKround),  lead  covered  and 

rubber,  per  year 14 

Swltcht>oard8,   per   year 10 

It  baa  been  stated  that  the  cost  ot  appraising  the  MtchlBsn  rail- 
way* was  t&0,ODO,  or  |t.4l>  per  mile  of  roadbed;  but  the  railways 
themaelves  spent  an  amount  whlcti  Is  unknown. 

Appraisal  of  the  Railways  of  Mlnnasota.*~We  had  hoped  to  be 
Able  to  present  In  this  iaaue  of  Sngln«erl»[i-Contraoting  abstracts  of 
the  reports  of  the  chief  engineers  of  two  railway  commlsBlona, 
namely  the  report  ot  Mr.  Dwlgbt  C.  Morgan  to  the  Ballroad  and  , 
Warehouse  Commission  of  Minnesota,  and  the  report  ot  Mr.  Kalbert 
F.  Gillette  to  the  Railroad  Commission  of  Washington.  Mr,  Uor- 
san's  report  whs  submitted  Nov.  30,  1908,  and  has  Just  been  pub- 
lished. Mr.  Gillette's  report  was  submitted  a  year  ago  hut  Its  publi- 
cation has  been  delayed. 

The  two  reports  present  many  Interesting  contrasts  In  methoiJs 
used  In  attacking  the  same  problem,  and,  for  that  reason  as  welt 
as  because  they  are  the  flrat  appralaala  ever  made  tor  railroad  com- 
mlasloos  aa  a,  baala  for  railroad  rate  making.  It  was  desirable  to 
present  them  simultaneously.  However,  there  are  ao  many  of  our 
readers  who  will  be  Interested  In  the  methods  and  data  given  In  Mr. 
ICorgan'a  report  that  we  present  a,  summary  In  this  Issue,  as  follows, 
condenaing  tha  explanations  of  methods  Into  our  own  language. 

Ur.  Morgan  began  the  appraisal  of  the  Minnesota  railways  Jan. 
IE,  190C,  and  rendered  his  report  Dec.  1.  190S,  the  work  having 
occupied  almost  three  years,  during  which  time  T.59(  miles  ot  rail- 
ways were  appraised.  The  method  ot  making  the  appraiaal  was 
easentlally  the  same  as  that  used  by  Mr.  William  D,  Taylor,  engi- 
neer ot  the  Wisconsin  Tax  Commission,  who  made  an  appraisal  of 
Wlaconrin  railways  for  taxation  purposes. 

This  method  Is  what  might  be  called  the  co-operative  method 
of  appraisal,  because  the  railway  companies  are  asked  to  co-operate 
with  the  railway  commission,  and,  Indeed,  are  required  to  submit 
their  own  detailed  estimate  ot  costs  to  the  commission.  The  theory 
is  that  tha  commission  Is  thus  saved  much  unnecessary  latxir,  and 
haa  merely  to  check  over  the  estimates  ot  tha  railways.  In  prac- 
tice, however.  It  la  our  opinion  that  the  engineers  ot  the  railway 
commission  must  either  accept  the  retuma  ot  the  railways  without 

'Bnoinaertng-ContractlnB,  March  3,  1009. 
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question  or  else  Bpftnd  almost  oM  much  time  and  labor  in  chtckliiK 
the  «atlmate  a^  was  orlKloallr  made  by  the  railways  In  preparing  It- 
Blank  forma  ware  lunilalied  to  all  the  rallwaya.  upon  which  tbejr 
were  required  to  enter  their  detailed  eatlmatea.  Two  eatlmatea  were 
required,  one  givlnK  the  "cost  of  reproducing  the  properQr  imw.  The 
other  slvlnK  the  "present  value  of  the  ptayaical  properties."  The 
"cost  of  reproduction"  means  the  cost  of  reproducing  the  prcqmrtr 
new.  The  "preaent  value"  Ih  the  depreciated  or  second-hand  value, 
ascertained  by  deducting  depreciation  bom  the  "cost  of  repro- 
duction." 

The  unit  prices  used  by  Mr.  Morgan  were  the  average  prices  for 
the  year  190S.  which,  he  states,  were  about  an  average  of  the 
prices  for  the  five-year  period  ending  June  SO,  IBDT. 

In  estlntatioK  the  various  railway  lines,  sections  of  about  lOQ 
miles  were  taken,  but  the  "teimlnal  properties"  In  Bt.  Paul,  Minne- 
apolis and  Duluth  were  treated  as  separate  sectlona 

In  valuing  the  lands,  Mr.  Morgan  did  not  wait  for  e,  report  [rMO 
the  roll  ways,  but  started  an  Independent  Investlgatlen  at  once. 
Special  agents  were  appointed  to  ascertain  the  value  of  lands  adja- 
cent to  all  railway  llnea  These  agente  examined  and  noted  more 
than  GE.OOD  bona  flde  Bales  of  property.  Involving  conslderatlonB  of 
tl 00,0 00.0 00,  and  representing  1,300.000  acres  of  land.  To  do  so 
they  examined  the  records  of  the  transfer  of  property  for  several 
years  prior  to  Jan.  1.  1300,  for  a.  distance  of  IM  miles  on  each  side 
of  each  railway  line,  using  the  official  county  records  for  Infor- 
mation. 

The  figures  thus  ascertained  were  plotted  on  maps,  which  facili- 
tated arriving  at  values  per  acre  in  any  given  section.  Thla  In  our 
Judgment,  was  an  excellent  procedure,  but  It  has  a  serious  defect 
No  such  records  con  be  Introduced  In  court,  tor  t^e  reason  that  rec- 
ords of  property  transfers  are  often  falsified  as  to  values  by  the 
parties  engaged  In  the  transfer.  However,  such  data  form  an  ex- 
cellent guide  to  the  Judgment  of  the  experts  engaged  In  determining 
land  values,  particularly  where  the  opinions  of  people  differ  widely 
OB  to  such  values. 

Having  ascertained  the  value  of  lands  ndlacent  to  the  raltwny^ 
the  nent  step  la  to  multiply  these  values  by  some  factor  to  arrive 
at  the  value  of  land  for  "railwsy  purposea"  Mr.  Morgan  says^  In 
his  report: 

"The  purchase  of  lands  for  a  railroad  right-of-way  requires  the 
coQBlderatlon  of  two  elements:  Ftrit,  the  fair  value  of  the  land 
taken,  and.  second,  the  damage  to  the  residue  In  consequence  of  a 
part  of  the  tract  having  been  taken  tor  railroad  purposes.  Tbe 
element  of  damage  Is  dependent  upon  a  variety  of  conditions,  several 
of  which  may  be  mentioned  as,  the  location  and  direction  of  the 
proposed  railroad  with  respect  to  the  boundaries  ol  the  (iroperty ; 
the  Inconveniences  and  dangers  likely  to  be  suffered  and  attributable 
to  the  construction  and  operation  of  the  line,  mch  as  the  separation 
of  the  oivner's  house  from  his  bam,  or  of  hla  bam  from  bla  welL 
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The  Influence  of  public  opinion  for  or  asalnat  the  contitructlon  of  & 
line  of  ralliray  la  a.  most  potent  factor  In  respect  of  coat.  [If  one 
railway  already  exleta,  a  projected  second  railway  neartiy  will  have 
to  pay  much  higher  prices  for  land,  due  to  the  fact  that  land  owners 
do  not  feet  the  neceaalty  of  a  second  road  and  will  "hold  up"  the  new 
railway  tor  the  hlKhest  possible  prlcea — Eklttor.]  In  vairlng  de- 
Kreea;  these  and  other  considerations  make  the  lands  purchased  for 
a  railway  rtKht-ot-way  usually  more  costly  than  the  true  or  normal 
TBlue  of  lands  for  other  purposes." 

Hr.  Uorgan  Koea  on  to  aa.y  that  his  agents  had  examined  the 
bona  fide  aaJea  of  landa  to  railway  companlea,  covering  the  more 
recently  conatructed  lines.  Involving  7,000  aorea  and  an  expenditure 
of  14.200,000  in  acquiring  them  in  various  psrCa  of  the  atate.  As  a 
result  of  this  Investigalion  and  of  a  atudy  of  the  whole  subject,  the 
coQcluaiOn  waji  reached  that  a  multiple  of  i  should  be  used  In  con- 
verttaiK  the  normal  value  of  right-of-way  lands  to  the  "value  tor 
railway  purpoaea."  This  multiple  of  3  waa  not  spplicable  to  lands  In 
the  large  termlnaJa.    St  Paul.  Minneapolis  end  Duluth. 

Hr.  Uorgan  calls  attention  to  an  Ulumlnatlng  Instance  of  the  hIKh 
cost  of  land  acquired  by  condemnation  as  compared  with  the  cost  of 
land  purchased  by  agreement.  On  the  Illinois  Central,  in  the  coun- 
ties of  Mower  and  Freeborn,  about  3S%  of  the  rifEht-of-way  waa 
secured  by  condemnation  proceedings  and  the  company  paid  4  H 
times  the  normal  value  ot  the  land.  The  remaining  65%  purchased 
by  agreemoit  cost  only  l.T  times  the  normal  value  of  the  land. 

The  multiples  used  in  arriving  at  the  values  of  terminal  property 
tor  railway  purposes  were  as  follows:  For  St.  Paul,  1.75;  for 
UinneapoIlB,  1.80;  for  Duluth,  1.Z5.  In  other  words,  the  normal 
value  ot  the  bare  land  (not  Including  buildings)  In  St.  Paul  was 
multiplied  by  1.75  to  obtain  the  "v^lue  for  railway  purposes." 
These  multiples  were  arrived  at  as  follows:  In  vesti  gallon  q 
made  (in  1906)  by  a.  special  tax  committee  ot  the  city  coun- 
cil of  SL  Paul  had  shown  Chat  property  was  assessed  at  at>out 
■0%  of  Its  selling  price.  Hence  the  assessed  value  of  property  ad- 
iBcent  to  the  terminals  In  St.  Paul  was  divided  by  O.B  (or  multiplied 
by  1.68)  to  arrive  at  its  normal  value.  This  normal  value  was  then 
multiplied  by  1.76  to  arrive  at  Its  "value  for  railway  purpoaea" 

The  multiples  of  1.75  for  St.  Paul,  1.60  for  Minneapolis  and  1.2E 
for  Duluth  were  based  upon  the  purchases  of  real  estate  by  rail- 
ways In  those  cities  during  the  preceding  six  ycara  During  that 
period  more  than  320  acres  of  property  had  been  purchased  by  rail- 
ways for  about  $2,000,000.  Comparing  the  prices  thus  paid  by  rail- 
ways with  the  prices  paid  by  other  corporations  and  Individuals 
during  the  same  period,  the  multlplea  above  given  were  arrived  at. 
Fortunately  two  railway  companies  bad  purchased  land  for  ter- 
minals in  St.  Paul  and  one  In  Duluth  during  this  sli-year  period,  so 
that  sufficient  data  were  available  to  enable  Ur.  Morgan  to  arrive 
at  a  fair  decision  as  to  the  multiples  to  be  used. 

An  inspection  of  the  physical  property  of  the  railway  was  made. 
itractlcBlly  all  this  Inspection  being  done  In  a  manner  that  will  be 
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rsgEirdfid  aa  rather  luperfjclal  by  many  of  our  readers.  Sbch  rail- 
way company  provided  a  special  train  whlcti  carried  the  luspectorB.' 
"The  train  waa  moved  at  a  low  rate  of  speed  bo  that  obaervatlon 
could  be  bad  of  the  character  luid  atandarda  of  constructloii  and 
nuLlatenance.  Stops  were  made  erery  mile .  in  places,  but  usually 
every  two  miles,  and  smnetlmes  every  Bve  miles,  to  enable  measure- 
ments of  the  roadbed  and  ballast,  to  observe  the  brand,  welcbt  and 
BKB  of  the  rails  and  fastenlnKS.  to  ascertain  the  averax^  number  of 
ties  per  mile  by  test  meanirements  and  cmmta ;  fn  tact,  to  make 
complete  record  ol  all  the  physical  elements  at  these  given  points. 
Additional  stops  were  frequently  made  at  bridges  and  culverts  for 
the  purpose  of  maaaurement  and  Inspection,  and  at  all  stations 
meaaurements  of  buildings  were  made,  the  Inventories  checked  and 
notes  made  of  any  Important  changea 

"The  detailed  reports  of  the  railway  companies  having  been  com- 
piled on  the  forms  prepared  for  that  purpose,  were  in  such  sys- 
tematic order  by  subjects  aa  enabled  the  ready  checking  of  the 
various  Items  enumerated.  The  profiles  were  continually  made  use 
of  to  determine  their  accuracy.  •  >  •  Also  as  to  whether  sand, 
gravel,  loose  or  solid  rock  cuttings,  which  would  later  serve  as  a 
guide  In  the  classincatlon  of  material  tn  making  the  compilations 
and  estimates  of  quantities  In  the  office." 

That  this  invpectlon  was  cursory  la  shown  from  the  fact  that 
about  100  miles  of  line  were  Inspected  each  day  of  10  hours  from 
each  train. 

Ko  inspection  of  rolling  atock  waa  made,  aa  In  the  Wisconsin 
appraisal  above  referred  to;  but  the  "equipment  reports  were 
chotked  by  the  serial  numbers  of  locomotives  and  cara" 

The  Inspection  was  begun  early  in  May.  1907,  and  continued 
almost  without  interruption  until  the  middle  of  Decemtter,  1R07. 
completing  this  feature  of  the  work,  "except  the  range  read^  which 
were  examined  In  the  early  part  cf  I90S." 

The  unit  prices  assumed  (or  estimating  costs  "^re  the  results  of 
much  research."  The  unit  prices  submitted  by  the  railways  In  their 
reports  differed  widely,  and  often  In  a  manner  not  susceptible  of  ei- 
planatlou.  For  example,  the  price  of  steel  rails  varied  from  120 
to  131. SO  per  ton  f.  o.  b.  St  Paul :  bridge  steel  o(  the  same  claat 
ranged  from  i%  to  4M  eta  per  lb. ;  locomotivea  of  the  game  type 
and  weight  varied  from  6^  to  12  %  eta  per  lb. ;  engineering,  super- 
e  and  legal  expense,  between  Hi  and  16%;  Interest  during 
J  12%  •  contlngenciea,  i  to  60%. 

Mr.  Morgan  selected  unit  prlcea  to  fit  the  local  conditions  and  did 
not  assume  invariable  unit  prlcea  for  all  roads,  as  was  done  In  the 
Wisconsin  appraisal. 

"Adaptation  and  solidification  of  roadbed,"  or  "eeaaonlng  of  the 
roadbed,"  was  regarded  by  Mr.  Morgan  "as  a  lal>or  account  cover- 
ing a  period  ol  years."  and  treated  as  a  separate  Item  of  cost, 
although  It  never  appears  in  the  records  of  any  railroad  company  as 
a  part  of  the  cost  of  construction.  According  to  the  allowance  made 
by  Mr.  Morgan,  this  Item  of  "adaptation  and  aolldlflcation  o(  rood- 
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bed"  amounted  to  tlI,71S,D0O  foi  the  7.696  mites  o(  rallwara  ia  Uln- 
neaota.  or  fi.HS  per  mile,  or  nearly  i%  of  th«  grtatd  total  coat  Of 
conatrucUon  and  egulinneiit 

There  1*  no  doubt  that  the  roadbed  of  a  newlr  built  railway  re- 
quires more  labor  to  maintain  and  that  the  cost  ot  runnloK  trains  of 
the  roadbed  la  more  cipenslve  than  after  the  embankments  have 
settled  and  land  slides  and  slips  have  become  less  frequent:  but 
no  two  enKlneera  will  agree  aa  to  what  allowance.  If  any.  should  be 
made  for  the  coat  ot  "aeasoning."  The  fact  la  that  much  of  this 
"•eaoonlnK"  la  due  the  action  at  rain,  and  casta  nothlns-  'Practically 
all  the  rest  of  It  Is  done  by  the  trackmen  who  are  maintaining  the 
track,  as  a  part  ot  operating  expenses.  The  T.COO  miles  ot  railways 
In  Minnesota  averaged  13,140  cu.  yds.  of  earth,  loose  rock  and  solid 
rock.  Hence,  accordtnc  to  Mr.  Morgan's  eetlmate  ot  tl.ElE  per 
mile  for  "aeasonlng."  It  would  have  cost  nearly  7  cts.  per  cu.  yd, 
tor  "seasoning"  alone.  Since  earth  can  be  spread  and  rolled  tor  only 
a  fraction  ot  this  T  cts.  per  cu.  yd..  It  la  evident  that  most  ot  thla 
tI,64G  Item  ol  "seasoning"  muat  b«  due  to  some  other  claaa  of  work 
than  grading.  In  giving  his  reaeons  tor  his  aeemlngly  large  allow- 
ance for   "adaptation  and  solidification  of  roadbed."   Mr.  Morgan 

*rrhe  newly  made  excavatlona  wash  and  slip,  the  ditches  flU  from 
the  action  ot  the  elements,  the  embankments  settle  and  the  track 
superatmcture  Is  In  almost  constant  need  Of  attention ;  resurfacing, 
lining  and  dresalng  of  ballasted  and  unballasted  track  Is  necessary, 
waterways  become  clogged  up,  bridges  settle  or  go  out  of  line. 
Station  grounds  are  to  be  improved  and  flnlahed,  scattered  and  un- 
used material  must  be  picked  up  and  stored ;  In  fact,  all  the  loose 
ends  which  are  the  immediate  sequence  of  construction  must  be 
gathered  In  and  the  property  brought  to  an  orderly  condition." 

While  engineers  will  never  agree  aa  to  the  exact  amount  that 
should  be  allowed  for  "seasoning"  of  roadbed,  still  the  majority 
would  probably  favor  some  allowance  In  estimating  the  coat  ot  re- 
production of  an  eilatlng  railway. 

On  the  other  hand,  there  will  not  be  ao  many  euglneere  who  will 
favor  any  allowance  for  "contingencies"  In  estimating  the  cost  of 
an  existing  railroad  line.  Mr.  Morgtui  favors  a  small  allowance  tor 
contingencies,  and,  as  will  be  seen  below,  selected  6%  as  a  fair 
estimate  for  this  Item,  Instead  of  the  customary  10%  used  on  esti- 
mates of  projected  linea     He  says ; 

"Considering  the  detail  with  which  the  estimates  have  been  pre- 
pared and  the  Inclusion  In  them  of  many  Items  of  a  contingent 
nature^  It  does  not  appear  Justifiable  to  consider  an  estimate  of  the 
cost  ot  reproducing  a  railway  as  synonymous  with  an  estimate 
far  constructing  a  projected  line.  The  essential  difference  rests  In 
the  fact  that  In  reproduction  cost  the  estimate  Is  prepared  In  the 
light  of  known  conditions,  whereas  for  a  projected  line  the  con- 
tingencies are  wholly  unknown.  These  facts  have  been  Instrumental 
la  reaching  a  determination  that  S%  for  contingencies  Is  fair  under 
the  circumstances  attaching  to  the  woric  ot  this  appraisal" 
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In  «ttlin*tlilK  Om  Item  of  'ictereat  dnrlng  etmetmction.'*  Vr. 
Horgan  a>«iiinea  %  raw  of  taterew  of  4%  per  aimum  on  ths  money 
tlad  up  dnrlDS  oonatrucUon.  "Tbla  nU«  of  Intareat  waj  aopltod  to 
the  total  wtlmated  cost  of  reproductioa,  oMumlnK  tbat  Uie  uecaa- 
■ary  tunda  would  be  fully  employed  one-balf  of  the  estimated  Uma 
required  to  buUd  the  reflective  lines,  wblch  according  to  tbelr 
mllease  varied  from  1  to  B  yeara"  It  will  be  aeen  from  the  data 
given  below  that  this  interut  Item  amounted  to  about  S.8%  of  the 
hital  coat  of  reproductlan  aa  eatmuited  for  oil  tbe  railways  of  the 
atata. 

The  "praaent  value"  at  each  Item  was  arrived  at  by  deducting 
an  aatlmated  percentage  of  deiireciatlon  from  the  estimated  "coat  of 
reproduction."  This  eBtlmated  percentage  of  d^redatlon  was 
furniabed  by  hardly  any  of  the  railway  companies,  for  they  held 
that  no  real  depreciation  had  occurred,  and  that  a  road  la  more 
valuable  sa  a  working  tool  years  after  its  construction  tluui  when 
new.  Hr.  Morgan  made  hla  own  estimates  of  depreciation,  baaed 
Upon  (he  InapeccJcn  above  referred  to,  and  thus  arrived  at  the 
"present  value"  given  below.  It  will  be  noted  that  the  total 
"preaent  value"  is  about  11%  leas  than  the  "cost  of  reproduction." 

Mr.  Horgan  did  not  aacnre  the  original  cost  of  construction  and 
betterments,  and  he  states  that  such  data  were  >o  Incomplete  as 
to  raider  the  task  hopelesa  He  says  that  "for  the  older  and  more 
important  rallwara,  representing  the  greater  part  of  the  mileage 
of  the  ■tat«^  the  data  tor  some  of  them  la  not  available  at  all,  and 
(or  other*  It  is  so  incomplete  as  to  render  Its  development  for 
practical  u**  an  impossibility." 

Wg  bdleve  that  Ur.  Morgan  ts  wrong:  In  this  conclualon,  for  tn 
making  the  appraisal  of  the  railways  of  Washington  these  same 
arguments  were  used  by  the  railways,  and  It  waa  only  after  a  bitter 
struggle  In  some  cases  that  access  to  all  their  records  was  secured 
which  developed  that  practically  all  the  costs  of  construction  and 
betterments  could  be  found,  even  for  the  lines  built  forty  years  ago. 
Among  these  Washington  tines  was  the  Qreat  Northern,  which 
bas  nearly  SD%  of  the  mileage  In  Minnesota.  Its  original  recorda 
of  cost  (In  the  SL  Paul  office)  are  exceptionally  well  kept  and 
complete,  as  well  as  Us  records  of  betterment  costa  If  only  used 
as  a  guide  In  estimating  the  cost  of  reproduction,  these  original 
reeords  (both  In  the  accounting  department  and  In  the  enginesrlng 
department  are  practically  Invaluable.  Furthermore,  they  are  of 
great  value  In  cases  of  litigation  between  the  railway  commiaalon 
and  the  railway  company  where  the  accuracy  of  eatlmataa  of  coat 
o(  reproduction  are  brought  Into  question. 

Another  point  of  great  Importance  la  the  percentages  allowed  tor 
contingencies,  for  Interest  during  construction  and  for  engineering. 
Ur.  Morgan  has  allowed  E%  for  contlngenclea,  nearly  »%  for 
Interest  during  construction,  and  4H%  for  engineering,  superin- 
e  and  legal  expense.  ESacli  of  these  percentagea  alone  sounds 
ill.  but  they  aggregate  more  than  Ml.OOO.OOO  In  Mr.  Uorgan'a 
hla  sum  that  the  correctneas  of  these 
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percentasn  allowances  becomeB  a  very  important  matter  to  the 
railway  compani«B  and  to  the  Mate.  We  know  of  no  Batlafactory 
way  ot  determlDlngr  the  correctneM  o(  these  percentagea  except  by 
OBcertalnhiK  from  the  accounting  records  of  the  railways  what  their 
expenditures  for  mich  Itcma  actually  have  been.  A  thorougb 
analysis  of  the  accounting  records  would  probably  eliminate  all  of 
the  Item  of  "contlngehclea,"  amounting  to  }1T, 869,000  In  the  estimate 
for  Ulnnesoto,  for  any  allowance  for  "contingencies"  ts  always  a 
confession  of  ignorance  as  to  what  the  exact  expenditure  wlU  be  or 
has  been.  On  the  other  baud,  an  analysis  of  accounting  records 
might  disclose  that  the  percentages  allowed  for  Interest  during 
construction  and  for  engineering  are  too  low,  as  claimed  by  many 
of  the  railways.  We  do  not  say  that  such  would  be  the  result,  but 
so  long  as  the  claim  Is  made  and  so  long  as  such  enormoua  sums 
of  money  are  at  ataJic^  an  analyels  of  the  accounting  records  of 
every  railroad  should  be  made,  even  though  the  records  may  be 
Incomplete  for  some  o(  the  older  lines.  It  does  not  cost  more 
than  tt  or  tT  per  mile  of  road  to  make  such  an  Investigation  and 
analysl*  ol  costs  of  original  construction  and  bettermenta  Mr. 
Morgan  Informs  us  that  his  appraisal  cost  the  state  of  Minnesota 
fS.60  per  mile  of  main  track,  but  of  course,  this  does  not  Include 
what  It  cost  the  railways  to  make  the  eetlmates  which  Mr.  Mor- 
gan's forces  checked,  nor,  as  we  have  stated,  did  Mr.  Morgan  make 
an  investigation  and  analysis  of  the  original  cost  and  bettermenta 
Tbo  state  of  Minnesota  has  secured  an  exceedingly  valuable  esti- 
mate at  a  very  low  cost,  but  we  can  not  urge  too  strongly  the 
desirability  of  a  thorou^  Investigation  of  the  accounting  records 
of  the  railways  and  the  subsequent  use  of  accounting  records  In 
keeping  cost  estimates  up  to  date. 

We  pass  now  to  a  summary  of  the  data  collected  hy  Mr.  Morffan : 

MlUUOB    IN     MlNNISOTA. 

(June  3%  1907) 

Mllsa 

Roadway,  or  1st  main  track T,B96 

Other  main  tracks <28 

Bide  tracks    *■"* 

All   tracka    total 10.4S8 

Prom  this  It  win  be  seen  that  there  are  1.88  miles  of  tracks  to 
each  mile  of  roadway.  Hence,  the  subsequent  Itetns  of  cost  per 
mile  of  roadwnr  must  be  divided  by  1.38  to  get  the  cost  per  mile 
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TabiM   XXIIL — COBT  O 


t.  LiOiid   for   right  ot   way,    ywirda 


Cost  of 

R^roducUon 

Now. 


Protect,  work,  rip  rap,  r 


Track   faBteninsa    . . 

Switches.  troBB.  r.  r.  ctobsIivkb.  ■ 

Track  laying  and  Burfaclng 

Brldsea,  treatlCB  and  culverts 

Track  and  bridge  tools 

FenceB.   cattle   guards,    slgna.,.. 
Stockrarda  and  appurteuances. . 

Water  statloiiB   

CoaJ  stations    

Btatlon  buildings  and  flxtures... 

Miscellaneous   bulldlnga    

Steam  and  electric  power  planta, 

gas  plants    

General   repair  shops 

Shop  machinery  and  tools 

Engine    houses    turntables    and 


Track   scalea 

Docks   and   wharves    <lncl.   coal 

Interlocking  plants   


Adapt,  and  solid.  □;  road  bed...     I1,T43,001. 


Total  of  It«nui  1 


Total  of  Items  1 


a  29  IiicluBlve...t2fl9,SIMSS. 


G0T.T0S.t9 

4.09t.i49.Og 
3,403,1T1.SI 

t,9fi3.01».aT 
l,iS4,7GS.ll 


a  SO  Inclusive... ¥281, T' 


>,1Z&.ET      tiS0,l«S,81g.lB 


:.  PaBsenger  equipment  

:.  l^elght  car  equipment.... 
.  Miscellaneous  equipment  . 
I.  Marine  equipment 


lT.09a.9G3.40 
«.6I«.1T0.TS 

ta,9ii,ioe.GS 


Total  of  It^ns  1  t 
le.  Frelgjit  a 


SB  Inclusive. .  .tSGS.TBS.ESB.BB     tl01,6DI,4».EE 
3,«3E,5SE.0S  t.SlS,E3E.0I 


Total  of  Items  1  to  38  inclusive. .  .t35T.334.0CO.I2  tS0(,lS9,OZS.GS 
J7.  ConUngencIea,     &%    on     total     ot 

Items  1  to  SB 1T,8«3,T01.0J  lT,8e»,TO3.0» 

38.  Stores  and   mipplles 6.310,010.98  £.310,010.98 

39,  Interest  during  construction 31,361,419.93  ll,3B1.419.9l 

Grand  total    H11,T3S,194.BE  8340,4 (0,1 80. 51 


In  Table  XXIII  It  will  bo  noted  that  the  co«  of  reproduction  and 
tho  present  value  of  Item  3fi  (freight  on  track  materials)  are 
Identical ;  but  aiiice  freixbt  Is  a  part  of  the  cost  of  these  materials 
delivered,  and  since  the  materials  depreciate,  the  present  value  of 
item  it  ahould  be  less  than  the  coet  of  reproduction.  The  error  In 
thlB  cose  arises  from  the  secreKatlon  at  freight  as  a  separate  Item, 
which  should  not  be  done; 

Item  SI  (contingencleB)  Is  a.  percentaKe  of  all  the  previous  Itema, 
tt  Is  not  clear  why  contlDKendea  should  be  figured  on  lands,  nor  on 
equipment 

Bjr  dividing  each  of  the  above  Items  of  cost  of  reproduction  by 
T.596,  we  have  calculated  the  Itemised  cost  of  reproduction  per 
mile  of  railway,  tabulated  below.  To  convert  any  of  these  Item* 
Into  cost  per  mile  of  trade,  divide  It  by  1.3S,  as  above  explakied: 

Cost  or  Rxpbodiiction  pib  Mils  op  Roaiiwat,     <T,S9S  Milib.) 

1.  Land  for  right  of  Way,  yards  &  terminals..!  9,637.00 

2.  Qredlng,  clearing  and  grubbing 7,373.00 

t.  Protection  work,  rip  rap,  retaining  walls.        318.00 

4.  Tunnels    33.00 

5.  Cross  ties  and  switch  ties i.SOZ.OO 

«.  Ballast     1.240.00 

7.  Halls    4,346.00 

8.  Track  fastenlnss   731.00 

9.  Switcheit  frogs  and  railroad  crossings. . . .        183.00 

10.  Track  laying  and  surfacing T03.00 

11.  BridBes,  trestles  and  culverts 2.078.00 

la.  Track  and  bridge  tools 27,00 

13.  Fences,  cattle  guards  and  signs 3C4.0O 

14.  Stock  yards  and  appurtenances 74.00 

Ifi.  Water  stations 211 

1*.  Coal  stations BE 

17,  Station  buildings  and  fixtures 771 

1&  UlflcellaneouB   buildings £7! 

19.  Steam  and  electric  power  plants,  gas  plants. .  106 

50.  General  repair  shops S4S 

21.  Shop  machinery  and  tools 341 

11.  Engine  bouses,  turntables  and  cinder  pits. . , ,  873 

21.  Track  scales 24 

24.  Docks  and  wharves  (Inc.  coal  and  ore  docks)  TT9 

25.  Interlocking  plants 61 

21.  Signal    apparatus 20 

ST.  Telegraph  lines  and  appurtenances 178 

28.  Telephone  lines  and  appurtenances 13 

19.  Adaptation  and  sol  I  a  ideation  of  roadbed....     1.648 

20.  Engineering,    superintendence  and    legal   exp.      1,598 

Total  of  Items  1  to  10  Incluslva $37,096 

51.  Locomotives    2.2EO 


.  Passenger   equipment , . 
:  Freight  cr ' • 


13.  Freight  car  eqtdpment 6,176 

34.  UlscellaneouB  equipment 1T6 

SB.  Marine  equipment t 

S«.  Freight    on    cross   ties,    rall^    switches  and 

frogs,    track   fastenings 47S 

97.  Contingencies    S.lSl 

38.  Stores  and  supplies  In  Minnesota 338 

SB.  Interest  during  construction 4,116 

Grand   total tG4.)0« 
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Tbe  aetaila  of  Item  1   (laod)  are  tts  followa  per  mile  of  raa^Md; 
Par  mils. 

11.836  acres  rl^t  of  way tl.ll1.»0 

D.620  acres  Kravel  pita,  etc S3.3i 

S.STS  acrea  station  Brounds 1,GS8.28 

0.S3S  acres    terminals    CSt.    Paul,    Mlnnetur- 
Dlls  and  Duluth) e.g4S.Sl 

16.88fi  acrea    total tS,e36.» 

Tbese  values  are  not  the  Itormal  vaIumT'  of  ths  land  for  erdlnair 
purposes,  but  the  "valueti  tor  railway  purposes"  «s  ascertained  by 
apply  In  E  the  multiples  above  given. 

The  most  slxntncant  fact  In  this  land  appraisal  Is  the  very  high 
percentage  that  the  land  for  terminals  terms.  Station  grounds  nimi 
form  a  large  percentage  of  the  total  cost  tor  lands.  There  are 
many  states  In  which  such  expensive  terminals  do  not  exist,  and 
there  are  others,  like  nunols,  PemisylrmnUi  and  Hew  Tork,  where 
the  cost  of  terminals  Is  probably  greater  per  mile  of  railway. 

The  details  of  Item  2  (grading;,  etc)  oie  aa  follows  per  mile  of 
roadway: 

31,2Sa  cu.  yd*,  earth  at  28.7  ctA 16,880.01 

GEE  cu.  yds.,  loose  rock  at  61.63  cts. 101.«B 

tlE  cu.  yds.  solid  rock  at  I1.01T 371. 57 

f  .GS  ocrea  clearing  and  grubbing  at  t69.8G. . . ,      318.K3 

Total      fT.STl.TG 

Grade  revision  at  Owatonna   (|2T,6SG) 3.61 

Total    17.376.38 

Mr.  Iforgan's  rsport  contains  no  further  data  as  to  unit  coata 
The  Itemized  costs  of  each  of  the  dltterent  railways  In  Hinnesota 
are  given  In  the  report,  and  It  was  from  a  summary  ot  those  Items 
that  the  above  given  totals  and  averages  were  prepared. 

We  append  Table  XXIV  prepared  t>y  the  Railway  Age  Oasette 
from  the  data  contained  In  Mr.  Morgan's  report. 

AppralslriB  the  Land  Value  of  the  Michigan  RsElwsys.* — The  two 
letters  that   follow   speak   for   themaelTee,   and   contain   matter  of 
Interest  not  only  to  englneera  who  are  likely  to  be  engaged  In  rail- 
way appraisals  but  to  englneerB  who  may  be  called  upon  to  appraise 
real  estate  and  other  property  for  taxation  purposea 
It  P.  Gillette, 
Dear  Sir: 
In   connection    with   some   of   jotir   atatetnenta   relative    to   the 
appraisal  ot  the  Michigan  State  Railroads  made  aome  years  ago. 
you  discuss  admirably   the  element  ot  real  estate  values  and  tlie 
methods  which  you  think  tiest  to  follow. 

I  gather  that  you  are  not  quite  as  familiar  with  the  methods 
finally  employed  In  this  work,  because  tbey  were  ao  In  keeping  with 
your  own  Ideas  and  even  went  them  one  better  that  It  Is  a  pleasure 
Cor  me  to  call  It  to  your  attention.  Juiowlng  that  you  are  highly 
V)preclatlve  of  original  work  ot  this  hind,  and  wilt  b*  pleased  to 
•ee   that   this   particular   expert's  Ideas  and  tnelbode  follow  your 
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own  to  TSry  dOMly  uid  ret  v*  csni«d  out  with  a  little  durer«nt 
methoil  aa  to  detail* ;  for  precision  ot  detail  and  iveed  of  aceomplU^ 
meiit  waa  only  poaalbla  to  a  very  well  defined  and  carefully  cxindd- 
«Tea  metUod  entirely  and  exclualvely  evglved  by  Hr.  Bdwaid  A. 
Dunbar,  a  former  West  Pointer  and  expert  engineer,  and  well 
acquainted  with  real  estate  matter*  blmaelf  In  larsa  enten>riaea 

For  economy  o(  coets  and  In  the  oampleteneaa  of  the  return*  I 
think  !t  I*  unexcelled,  and  haa  never  been  ^iproached  by  any  other 
equally  reliable  method,  except  your  own ;  but  all  of  them  Bjr« 
much  the  aame  and  splendid  in  their  discuaaion  of  a  very  dUHcolt 
and  what  haa  heretofore  been  a  vexatioua  problem  to  aalve. 

I  hope  aometlme  In  the  near  futur«  to  have  the  sreat  pleasure 
of  meeting  you  peraonally.  for  we  highly  appreciate  your  method 
of  thinking  about  a  good  many  thinga. 

There  ha*   been   In   all   this  property   as  much  theoretical  stnlt 

Injected  Into  it  that  It  Is  very  wearisome  to  practical  men,  and 

It  Is  a  relief  to  find  some  one  like  yourself  who  haa  the  counute 

and  the  eamestnesa  of  purpose  and  honesty  of  Intention  to  aay  aa 

Tours  truly, 

P*  T.  Bakcsott, 
Director  of  Appralml. 
Detroit,  Iflch.,  April  16,  1*0». 

Uj  Dear  Ifr.  Barcroft— In  compliance  with  your  i«quest  I 
submit  herewith  a  atatement  of  the  method  by  whldi  the  land 
values  of  the  Wchigan  Railroad  Appraiaal  were  deduced. 

liiMD    VU^UAIIOM. 

The  Umlted  time  in  which  full  results  had  to  be  made  known 
precluded  the  general  adoption  of  any  of  the  usual  methods  ol  land 
valuation  and  for  that  reason  the  following  method  was  adopted: 

DetenKining  the  Quantity. — The  ofllce  inspectors,  as  they  were 
called,  took  direct  from  the  maps  and  other  data  of  the  railroad 
company,  and  of  the  reslBtere  of  deeds  oOcea;  all  the  InforniatloD 
necaaaary  to  determine  the  area  of  the  railroad  land  througbont 
the  state.  They  subdivided  the  land,  tn  taking  It  otF  by  countiea  and 
also  subdivided  It  so  the  right-of-way  between  stations  ah>nred 
aeparately  from  the  right-of-way  and  additional  land  at  station^  or 
at  points  where  the  density  of  population  would  enhance  the  values 
of  land  beyond  that  of  farm  land. 

In  the  citle*  the  land  was  all  divided  into  anall  blo^a,  oo  that 
It  might  be  estimated  either  by  square  feet  or  by  ths  front  toot,  aa 
might  seem  most  expedient 

Delermlning  the  Quality. — Aa  the  land  throu^out  the  atate  t* 
not  uniform  quality  the  railroads'  lands  were  subdivided  Into  81 
nibdlvlalona — foil  owing  county  line*.  And  on  the  baaia  of  itn 
physical   characteristic*.   It  waa  alw  subdivided  into  alx  awaratft 

IsL  Farm  land. 

Id.  Barren  land. 

Id.  Town*  under  BOO  population. 

4tli.  Towns  under  S,000  population. 


Gtb.     Towns  under  10,000  populstion. 

eth.     Towns  over   10,000  population. 

To  determlno  the  percentage  on  each  railroad  In  each  county  of 
tarm  and  waste  land  a.  representBtlve  Was  sent  to  each  of  the 
railway  centers  of  the  atate.  He  Interviewed  roadmaatera,  aasletant 
roadmaatera,  locomotive  engineers  and  freight  train  conductors,  as 
being  men  who  knew  every  foot  of  the  land  over  which  the  railroad 
passed  and  from  them  secured  the  Infonnstlon  which  enabled  him  to 
report  on  the  percentage  of  waste  land  on  each  railroad  hy  counties. 

In  the  smaller  cities  and  a.  few  of  the  larger  villages  the  Quality 
of  land  was  determined  by  our  representative  going  over  the  land 
within  the  city,  dividing  It  up  according  to  the  use  to  which  the 
rarlouB  sectloni  were  put.  vis. : 

Laborenf  residence  property. 

Uaelianica*  residence  property. 

JUgh  claw  residence  property* 

Manufacturing  property. 

Second-cla'B  store  property. 

First-class  store  property. 

He  also  got  local  experts  to  value  each  division,  but  this  really 
tails  under  the  next  head  which  is: 

Dttermbtltig  the  Price. — The  price  of  the  Und  In  the  first  five 
classes,  except  ai  next  before  noted,  was  determined  hy  sending  a 
letter  of  intiulry,  enclosing  a  card  for  reply,  to  some  five  hundred 
repreaantatlve  citliena  of  tlie  state,  taking  about  six  from  each 
comity  and  choosing  these  citizens  from  among  land  dealers, 
iMakar^  county  surveyors  and  coimty  treasurers.  Sach  man 
■elected  waa  supposed  to  be  peculiarly  adapted  as  a  Judge  of  land 
values  within  his  county  and  on  the  card  enclosed  was  requested  to 
give  his  estimate  of  the  present  value  of  an  average  acre  of  land 
In  his  county  In  each  of  the  five  classes. 

This  method  It  will  be  observed  assumes  t^at  every  acre  of  land 
of  the  same  class,  In  a,  county.  Is  equally  valuable  and  that  that 
value  may  fairly  be  taken  to  be  the  average  price  of  Uie  land  of 
that  class  In  that  county.  An  average  of  the  prices  by  classes  as 
given  an  the  cards  tor  each  county  was  therefore  taken  as  the 
present  valuBtloa  for  the  first  four  classes  and  partly  for  Che  fifth. 
For  part  of  the  fifth  and  all  of  the  sixth,  the  price  was  determined 
Id  the  usual  manner  by  a  board  of  experts;  going  over  every  toot 
of  the  property  In  question  and  valuing  each  piece  geparately ; 
taking  Into  consideration  surrounding  values,  both  trom  aeUlnff 
prices  of  adjoining  land  and  assessment  rolls. 

Our  method  of  accumulating  this  Information  waa  tty  me^a  of  s 
card  index  file,  ot  which  I  enclose  a  sample  card.  One  card  wa* 
made  (or  each  county  through  which  each  railroad  passed.  It  la 
evident  therefore  that  by  applying  the  average  prices  to  the  clasa 
qoaatltleB,  deteimlning  as  herelabetore  described,  that  each  card 
would  represent  the  total  present  market  value  of  all  the  land 
belonging  to  the  railroad  In  question  In  that  particular  county, 
and  the  sum  of  the  values  given  on  all  the  cards,  for  any  given  rail' 
road   (that  la  one  card  for  eaidi  county)   would  equal  the  actual 
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pretent  msrket  value  of  all  Q»  tend  owned  bjr  th&t  railroad  In  tha 
SlaM  of  MichlKan  and  Ui&t  the  total  of  all  the  carda  would  equal 
the  total  present  vaJua  of  all  the  railroad  lands  In  the  State  ol 
Hlchlffan. 

The  question  arose  In  our  minds  at  the  outset  whether  In  sd< 
dreaslDC  five  hundred  strangers,  nearly  all  of  whom  were  busy 
men,  we  should  get  any  considerable  number  of  replies  to  our 
Inquiry  and  If  we  did,  whether  they  would  not  be  mere  on-hand 
piesses  rather  than  thouKhtluI  estimates.  It  ts  extremely  srati^- 
Uic  to  be  able  to  say  that  out  o(  five  hundred  cards  sent  out  lest 
than  Qfty  have  failed  to  r«Bpond.  In  <»i1y  one  case  was  the  failure 
to  comply  with  the  request  baaed  upon  the  plea  of  no  compenaS' 
Uon,  and  of  all  the  answers  received  there  la  scarcely  one  that  doea 
not  bear  either  In  Itself,  or  In  an  accompanying  letter,  evidence  of 
the  most  painstaking  care.  It  was  noticed  in  many  Instances  that 
before  maidng  out  his  card  the  writer  would  correspond  with  frran 
Ave  to  twelve  dltterent  persona  In  his  county,  getting  their  views 
and  thm  summarising  them  on  his  card. 

I  3o  not  believe  that  had  we  gone  over  every  acre  of  the  land  In 
this  state,  with  a  board  of  Inspection  and  valuation,  at  anormoti* 
expMise,  we  would  have  arrived  at  any  better  result  than  we  did  by 
the  inexpensive  and  expedltloug  method  detailed  alrave> 
Tours  very  truly, 

B.  C  DtmuB. 

Cost  or  1,100  Mile*  of  the  C,  M  «  St.  P,  R.  R.  In  South  Dakota.* 
—In  the  "Spokane  Rate  Case"  before  the  Interstate  Comiaeree 
Commission,  ISr.  A.  tL  Hogeland,  chief  engineer  of  the  Qreat 
Northern  Railway,  and  Ifr.  W.  L.  Darling,  chief  engineer  of  the 
Northern  Paclflc  Railway,  presented  Itemised  estimates  of  the  ooK 
of  reproducing  those  two  railway  systems.  Acting  for  the  city  of 
Spokane,  Ur.  Halbert  P.  Qlllette  offered  testimony  showing  that 
the  estimates  of  Hr.  Hogeland  and  Hr.  Darling  were  too  hl^ 
Among  the  facta  moat  strongiy  In  diq>ute  waa  the  allowance  to  be 
made  for  transporting  the  contractors'  men  and  supplies  orer  the 
railway  to  and  from  the  site  of  the  work.  Hr.  Hogelsnil  teatlfled 
that  4.H  eta  per  cu.  yd.  should  be  added  to  the  contract  price  of 
each  yard  at  earth  excavation  to  cover  the  added  cost  to  the 
railway  company  for  transportation.  Ur.  Darling  testided  that  t 
eta  per  cu.  yd.  would  cover  this  item  and  Ur.  Qlllette  testlBed  that 
1  ct  would  t>o  an  excessive  allowance  In  substantiation  of  his 
eetlmate  Mr.  Gillette  presented  data  of  his  own  and  estimates  made 
by  other  engineers.  Among  the  tetter  was  an  estimate  of  Mr.  D.  J. 
Whittemore,  made  while  he  was  chief  engineer  of  the  Chicago, 
Milwaukee  ft  St.  Paul.  Mr,  Whittemore  presented  his  testimony  In 
I89S  In  the  "South  DakoU  Rale  Case"  under  conditions  that  made  It 
desirable  for  him  to  claim  all  he  reasonably  cotiid  claim  on  the 
cost  of  conatructtoR  of  his  road.  His  esUroato  covered  tho  original 
cost  of  1,101  miles  of  main  line  and  it  miles  of  sldatrMftB  In 
South  Dakota,  which  Is  equivalent  to  1,08  miles  of  main  line  and 
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aldlnKs  to  eocli  mile  o(  main  line.  Tbe  unit  prices  uiad  by  Hr, 
WhltUmore  ver«  ba«ed  upon  thoBo  prerailing  in  1ST9  to  1S8T,  the 
7eara  during  which  tbe  road  was  butlL  He  testified  that  there  -wai 
practlcaUy  no  rock  excavation,  which  accounts  In  part  for  the  low 
tinlt  prlco  In  the  earthwork. 

BellevInK  that  Mr.  Whltteraora'd  eMlmate  Is  worthy  of  being 
placed  pemuinently  on  record,  we  reproduce  It  herewith.  In  a 
subsequent  Issue  we  shall  give  Hr.  Hogeland's  and  Mr.  Darling's 
Itonlzed  estimates  of  the  cost  of  the  two  great  railroad  systemB  of 
which  Uie7  are  chief  engineers : 

Per  mile  of 

main  line 

(1,101  milt's). 

11,300  cu.  yda  embankment  at  lE.ll  cts. \     1,713.10 

«.GS  cu.  yda  riprap  at  tl.EO S.SO 

XO.OOO  ft.  B.  M.  timber  In  bridges  and  culverts  at 

|30  per    M 800.00 

4Ze  lln.  ft.  piles  In  bridges  at  36  cIs. 148.TS 

Truss  bridges  at   M,4IT   each 31.06 

14    Iron    pipe   culvert   In    place   of   wooden    one 

(betterment)  at  fSO IZ.EO 

et.flS  tons  (groas)  rails  at  tlS.TO 4.51S.10 

T.ESE  lbs  track  spikes  at  lU  eta 188.00 

S80  pairs  rail  Joint  splices  at  %l 380,00 

S.eiS  cross  ties  at  30  cts. 971.40 

0.«S  switches  at  1100 83.00 

0.01  railroad  crossings  at  1200 3.00 

1.08  miles  main  and  side  track  laid  and  surfaced 

at     HGO 4Sfl.00 

0.24  miles  track  ballasted  at  tSOO IZO.OD 

Moving   track  material    from    store   depot   to   tha 

front   140.00 

0.02. miles  fence  at  tl.40 128.80 

29  panels  (O.I  miles)  snow  fence  at  32.10 00.00 

ISO   ft    B.   U.   crossing  plant    (1.1    crossings  per 

mile)  at  |Z0 B.30 

1  cattle  guard 10.00 

Freight  on  track  materiala.   %  ct.  per  ton  mile. . ,      2,130.00 

Freight  on  contractor's  tools  and  supplies 7. SO 

Prelght  on  contractor's  teams S.OO 

Freight  on  bridge  and  culvert  material 09.00 

Transportation  of  laborers.  S  men  transported  BOO 

miles  to  work  at  i  cents  per  mile 80.00 

0.2t  station  sign  board,  at  fO.OO 1.40 

1.1  highway  agn  board,  at  fS.O G.BO 

O.04  R  R.  crossing  sign  board,  at  10.00 .26 

0.04  R.  R.  crossing  stop  board,  at  tS.OO .2E 

t  Whistle  posts,  at  tl.OO 1.00 

0.4E  mile  posti  at  11.00 .4t 

1  rati  rest,  at  fl.OO 1.00 

Bulldinn     865.00 

1  mile  right-of-way  and  station  grounds 1!S.00 

TekCM^    lines 84.89 

EinuneerlDg.   superintendeDce,   legal   and  general 

oalcn  expense 300.00 

Intearest  on  tha  above  Items  for  U  of  two  years 

at     t% 77T.0ft 

Track  t(Ml^  %  section  at  IISS  per  section 17.16 

Station  furniture,  1/12  sUtlon,  el  178 6.E0 

Betterment  to  roadbed  and  bridges,  estimated  at 

6%   of  above 887.00 

atorea  and  supplies 300.00 

Total  (exclusive  of  equipment) I14.7tt.7l> 
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Uz.  Whitteinore  tottlflod  that  the  |t«»  p«r  mU«  tor  dlatHbnUnc 
track  material  from  tho  More  yard  waa  aatlnwtud  thus: 

S  encinea  and  crews  at  %ti  per  Oay tGO.OO 

tt  cars  at  GO  c«ntB  per  day IS.OO 

1     catKMMC ■      3.00 

Total    (70.00 

He  stated  that  one-balf  mile  of  track  whs  laid  per  day.  hence  It 
roHt  two  times  t'O.  or  |140  per  mile,  to  distribute  track  materials 
from  the  material  yard. 

It  win  be  noted  that  the  cost  ol  transpartlng  men  and  supplies, 
as  liven  by  Ut,  Wblttemore,  consisted  □(  three  Item^  namely : 

FrelKbt   on   contrsctor'a   tools  and  sutwlles (  T.BO 

Frelsbt  on  contractor's  teams E.OO 

Transportation   of  laborers 80.00 

Total  per  mils r tTS.GO 

This  Is  equivalent  to  O.SO  CL  per  cu.  yd.  of  earthwork.  If  cbarsad 
entirely  to  the  earthwork. 

Prices  Used  In  Estlmatlnn  Cost  of  Railways  In  Texas.* — The 
Railroad  Commission  of  Texas  hu  appraised  the  value  o(  roads 
recently  constructed,  using  a  schedule  of  unit  prices  wUch  we 
reproduce  herewith. 

The  railways  were  paying  fl-EO  to  fl.TE  per  day  of  10  brs.  Cor  com- 
mon laborers  In  1900,  and  found  labor  very  scarce  at  these  wagea 

The  following  unit  prices  were  used  In  valuing  the  Trinity  A 
Brazos  Valley  By.,  from  Hexia  to  Houston,  a  distance  of  IBS  mllet: 

Right  of  war,  per  acre t  6D.00 

Depot  grounds,   per  acre   (minimum) 100.00 

Reservoir  grounds,  per  acre 18.00 

Clearing  and  grubbing,  per  acre ZE.OO 

Clearing  and  grubblnK,  per  acre BO.OO 

Barth  excavation,  per  cu.  yd O.IS 

Loose  rock  excavation,  per  cii.  yd. 0.40 

Bolld  rock  excavation,  per  cu.  yd. 0.7S 

Trestle  timber,  In  place,  per  M. 10.00 

Trestle  piling.  In  place,  per  lln.  tt 0.40 

Wood  drain  boxes,  per  M tE.OO 

Tile  drains.  24  In.,  per  lln.  ft J.OD 

Cattle  Buards.  wooden  surface 40.00 

Fences,    4-wlre,   cedar  posts    (10   (t.  apart)    per 

mllo  of  fence HO.OO 

Road  croSBlng's.  per  M. SE.OO 

Ties,  K  L.  T.  pine  (6"  x  8*  x  8") 0.70 

Rails,  7S  lb.,  per  ton StM 

Joints.  Including  bolts,  each l.tO 

ftplhes.  34  keKS  per  mtle,  per  keg G.tG 

Track  laying  and  surfacing  per  mile GOO.OO 

Car  and  engine  hire  during  construction,  per  ml.  ICO.OO 
Sidings   (SO-lb.   rail,   2,043  ties  per  mile),   per 

Switch  furniture,  per  set !..,^.^ ISS.OO 

Ballast,    sand    (about   2,G00   cu.   yda   per  mile), 

per    mile 7B0.M 

Telegraph    line    (far    1    wire,    constnictton   only. 


mile    .'....  60.00 

Passenger  depota  small  frame,  per  sq.  ft 1.00 

Platforms  for  ditto,  per  sq.  ft O.H 

Cotton  platforms,  per  sq.  «. O.tl 
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InterMt  during  oonMructton.  B  p«r  oent  ot  total  coat  ol  cod< 
■tmctlOD. 

For  eomp&TBtlva  flKures  Uie  reader  1«  r^erreJ  to  havM  "Railroad 
Looitlan,  Burveys  and  Eatlmatea,"  page  IBS  et.  seq. 

Itamlzad  Coat  of  tha  Northarn  Pacific  Railway  Syitam  ai  EatN 
matwl  by  Its  Chief  EnBlneer.*~In  thla  article  we  give  an  estimate 
prepared  by  Mr.  W.  I*  Darling,  chief  engineer  of  the  N.  P.  Hy., 
and  introduced  as  part  of  his  testimony  In  the  "Spokane  Rate 
Case"  before  the  Interatato  Commerce  Commlaalon  a  few  montha 
ago^ 

While  niany  of  the  quantltlea  were  guessed  at  by  Hr.  Darling, 
and  wtille  no  quantities  at  all  are  given  for  many  Items,  but  simply 
lump  sum  estimates,  atlll  these  data  are  worthy  of  being  recoriled. 
If  only  to  Indicate  the  relative  cost  of  different  Items.  Kngtneerlng.  tor 
example,  Is  estimated  at  3  per  cent  of  the  total,  and  this  percentage 
fa  undoubtedly  not  far  from  correct,  although  the  actual  amount 
estimated  tor  engineering  la  unquestionably  very  liberal. 

'niB  reader  should  bear  In  mFnd  that  this  estimate  was  prepared 
for  the  purpose  of  proving  that  the  Northern  Paclflc  Ry.  Is  not 
earning  an  unreasonable  amount  of  money,  conslflerlng  what  the 
physical  value  of  the  property  Is  today.  The  city  of  Spokane 
contends  not  only  that  It  Is  discriminated  against  In  the  matter  of 
transcontinental  freight  rates,  but  that  the  rates  are  In  themselves 
too  high,  and  yield  an  unreasonable  profit  to  the  railways.  The 
Northern  Pacific  and  Great  Northern  Rys.  contend  that  their  rates 
are  reasonable  and  yield  only  a.  fair  profit ;  and.  In  proof,  they 
have  submitted  estimates  of  the  coat  of  reproducing  their  entire 
systems  as  Ihey  stand  today,  using  what  they  claim  to  be  current 
unit  pricea  Regarding  these  unit  prices,  It  la  only  fair  to  say,  that 
the  City  of  Spokane  contends  that  they  are.  In  nearly  every  Instance, 
unreasonably  high.  Ur.  Halbert  P.  Gillette.  In  behalf  of  the  City 
of  Spokane,  teatlfied  that  much  lower  unit  prices  are  commonly  peld 
by  railways  In  the  northwesL  He  also  criticised  the  quantities  In 
many  Instances,  claiming  that  they  were  mere  guesses,  and  not 
trustworthy.  We  shall  not  go  into  all  the  testimony  that  was 
offered 'by  both  'sides  In  the  controversy,  further  than  to  put  on 
record  :aii  abstract  of  the  testimony  of  Mr.  W.  I^  Darting,  chief 
engineer  of  the  N.  P.,  and  Ur.  Hogeland,  chief  engineer  of  the  G.  N. 

The  mileage  of  the  N,  P.  Is  aa  follows: 

HUea. 

Main  line,  single  and  second  track 2,860.67 

Branch  Imes,  main  and  second  track 3.014.24 

Spur^  sidings  and  yard  tracks 1.S19.S8 

All    trackft    total 7.C94.T9 

Of  tUs  track  only  US  miles  Is  aecond  track. 

•Enfffiteerfno-CotitracMinJ,  Apr.  IB,  1908. 
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Ur.  DM-Ung'i  eitliiut«  ot  tbe  coat  was  prueatad  In  tbe  foUowInK 

GmdlDK  and   track fllB.TlG.lTl 

Qrade  revlslona,   ISIT  to  191)1 1,350,800 

TurnouU    1,8JK,76B 

Pernunent    bridges 1,960,218 

Temporary    bridges 1,184.580 

CulvartB     1,(91,000 

Wooden    brldKBB    Qlled 4,GlB,«O0 

Tunnels     3,911.411 

Fanclng    707,190 

Snow    fences B3J,«00 

-    Telegraph     1,443.000 

Water  supply 1,971,108 

Coaling     Stations ..i 83E,900 

Wtaarts  and   docks 1,T!K,000 

Stock    yards 1B!,8B7 

Track   scales 107,671 

Catlle   aruanlB 6T.1SE 

Round    houses,    turntables,    pover    houaea, 

etc     1,8B0,448 

Shop    bulMlDgs ),OI1,<BO 

Miscellaneous    buildings l,ET8.St8 

Warehouses    1,888,018 

Headquai-lers   building TBO.OOO 

Furniture     410,000 

Passenger    stations 1.102,304 

Combination   stations 1,408.9(0 

Duluth  Union    depot 343,300 

St.  Paul  Union  depot lG9,t00 

Interlocking     123,GGS 

Block    syslem 44.307 

Mile  poslH  and  signs 129,GS4 

Ash     pits 79,087 

on   and   sand   houses 110,>e» 

Shop  tools  and  machinery 1,109.000 

Kalama   ferry   and  steamer 817,400 

Lines  In  Manitoba 7,000,180 

Joint  work.  Seattle 1.4t7,0M 

ToUl     |SOO,tK,T<l 

Hnglneorlng,    3  % (,D04.<I1 

Total     tIIK,ll9,<)S 

ConUngencles,     10% ie,61S,943 

Total     »2M.77e,478 

Interest  during  construction ^4%    for   lU 

yr*.,   10% tt,eTT,84( 

Total     tt4l,4e4.1» 

Freight  '  equipment tD.4M,000 

Passenger    equipment G.B9i,000 

Power     ie,4*O.B0( 

Floating    equipment 497,000 

Grand    total (lOt.MG.tlE 
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Tbla  dOM  not  include  laadn  which  were  estimated  to  be  worth  as 
follow* : 

Rlgftt  of  way,  not  Includlos  large  termlnalat  11.889,587 

Lctrse    termlnalB TG,(lOO,G<)l 

N.-P.  iBtereet  In  teiminal  companies S82,SG5 

Coal    properties ' 80.720,120 

Total     ....'. 8158.492,913 

Qraad    total 461,308,239 

This  estimate  of  the  Talne  of  lands  was  not  made  by  Ur,  DarlliiK. 
In   estimating   the   cost    of  sradlfiK,   Mr.    Darling   stated   ttiat  an 
estimate  of  quantities  was  made  In  1898,  and  was  as  follows: 
Per  mile 
Total.      (4,419  mL). 

ClsarlDK,    acres 15.089  8.4 

OrubblUB,     stations 21.124  4.8 

Earth,  cu.  yds. T 88.331,218     20,000 

Loose  rock,   m.  yds. T,2SS,G32       1.640 

Solid  rock,  cu.  yda S.1S4.479        1,170 

BIprap,  cu.  yds. 1.848,911  3E0 

At  that  time  there  were  4,419  miles  of  main  track  and  branches; 
plus  850  miles  of  siding  and  yard  tracks,  or  a  total  ol  E,269  miles 
of  track.  In  the  year  190T,  however,  there  were  1.4605  times  as 
many  miles  of  track.  Hence,  it  is  reasonable  to  suppose  that  each 
of  the  above  quantities  is  1.48  times  largsr  now  than  In  1898.  But, 
ID  addition  to  this,  Mr.  Darling  claimed  that  all  embankments  had 
been  wlBened  from  on  original  14  ft.  to  a  present  18  fL.  and  he 
estimated  that  all  the  above  quBntltles  (except  the  clearing  and 
grubbing)  should  t>e  multiplied  by  1.20  to  allow  for  this  increase 
In  bank  widening.  This  would  make  a  total  increase  of  1,30  X 
1.48M  =  1.7528.  Accordingly,  Mr.  Darling  Increased  the  grading 
quantities  by  76.28%  and  secured  the  following  quantities,  to  whlck 
ha  ofllxed  the  following  unit  prices : 

11,086  acres  cleeHng  at  fSO.OO %  1,762,880 

80.881  stBtionH  srubblng  at  $16.50 590.042 

Ilt,tta,913  cu.  yds.  earth  at  10.28 32,811,056 

18,101,817  cu.  yds.  hardpan  at  t0.4S 16.255,528 

11,711,808  cu.  yds  loose  rock  at  lO.EO «,360,8G1 

•,«El,i«  cu.  yds.  solid  rock  at  fl.lD 9.988,394 

2,711,*11  cu.  yda  riprap  at  82.00 6.429,242 

Total   grading,   etc. 872,865,791 

It  win  be  noted  ttuit  the  1898  estbnate  of  quantities  showed  the 
following  classlDcation : 

Percent. 
Barth    88 

soud  rock  .;■.;;!!!;:!!'.;;;:;:;■■.;;!;;■.  I "!'.;  i ;; ;  g 

But  Mr.  Darling  claimed  that  fully  one-quarter  of  this  earth  (or 
22%  of  the  total  excavation)  must  have  been  hardpan,  hence  bis 
estimate  of  38,703,627  cu.  yds   of  hardpan  above  given. 

Mr.  QlUette  testified  that  this  22%  allowance  for  hardpan  wa> 
fully  three  time*  too  high.  He  also  teetllled  that  It  was  not  at 
all  probable  that  branch  Ihtes  built  and  acquired  since  1898  bad 
required  as  heavy  grading  as  the  work  done  before  that  ttme,  and 
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that.  In  any  event,  an  estimate  of  iDcreaee  In  rardajte-  would  own 
properly  be  based  upon  the  Increase  In  tlia  milea  o(  rsUwar  "tiiiB" 
rather  than  In  the  Incre&ee  In  the  miles  of  "tntclc"  The  mllsi  of 
"line"  had  only  Increased  13%.  as  compared  with  an  Increase  of 
*S%  in  the  track  mlleaKe.  Mr.  Gillette  teatlfied  that  while  It  whs 
possible  that  bank  widening  had  Increased  the  orlKtnal  vardase 
10%.  he  knew  that  no  such  Increase  had  occurred  In  the  1,E00  milea 
of  line  owned  by  the  Northern  Pacific  fn  the  state  of  Washlnston ; 
but,  even  conceding  that  an  increase  In  the  widths  of  embankments 
had  been  made  throughout  the  system,  certainly  no  rock  cuts  bad 
been  widened,  no  hardpan  dug.  no  loose  rock  excavated,  and  very 
little  riprap  widened.  Practically  all  bank  widening  had  been  made 
by  steam  Novels  working  In  gravel  pita,  and  that  It  was  not 
right,  therefore  to  Increase  the  original  yardage  of  solid  rodcl  loose 
rock  and  hardpan  by  !0%  when  ■practically  no  such  work  bad  been 

Mr.   Darling's   unit   prices  of   reproduction  were  arrived  at  aa 

Clearing: 

Contract  price  per  acre '.  .f75.00 

Transportation  of  men  and  tools 1.00 

Total (BS.M 

Qrubbing : 

Contract  price  iter  station .flS.M 

Transportation  of  men,  etc 1.50 

Total .|lt.e(. 

EJarth.                                                                      Percu-rd.. 
Contraot  price,  average  haul  400  ft 10.11 

Overhaul     0.01 

Transportation   of   men,   etc. O.M 

Total    ^M 

Hardpan  and  ceoHnt  gravel : 

Contract    price tH.ll 

Overhaul     CM 

Transportation  of  men,  etc t.Ot 

Total    t*.4l 

Loose  rock; 
Contract     price 10.41 


Total     tO.eO 

Bolld  rock: 

Contract    price 11.01 

Overhaul    0.01 

Transportation  of  men.  etc 0.01 

Total    (1.10 

Contract  price,  per  cu,  yd.. .  i It.Tt 

Bxtra  haul  and  work O.lt 

Transportation  of  men,  etc O.H 


..».•* 
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As  to  the  unit  price*  for  grading,  Mr.-  Gillette  Ceatlfled  tluit  kU 
the  contncC  prices  were  very  liberal,  and  that  the  allowances  for 
overhaul  and  tran^Ktrtation  were  fully  three  tlmea  too  high.  The 
unit  prices  for  cleariiv  were  too  hlsh.  because  moot  of  the  cleartnf 
was  light  clearing,  a  great  deal  of  It  being  sage  brush.  The  unit 
piioe  for  rlprw  was  exceaslve,  except  tor  hand  placed  riprap,  ahd 
that  ordlnajT  riprap  could  be  contracted  for  at  tl.16  or  less. 

The  cost  of  the  track  was  eEtlmated  as  follows  by  Mr.  Darling; 

Cost  per  tnlle  of  tooln  track: 

117  tons  steel  Kt  St  Paul  at  fSl t3,eiT.0O 

'  •  —a  angle  bars  at  |3« 149.64 


D.7E  tons  bolts . 

1.4  tons  ntlkcB  at  H: 


splk(_  _ 

,, tie  plates  at  »« !30.(I0 

13S.9E  tons  handled  In  material,  yard,  at  (1 . . .  135.9B 

1  extra  switch,  per  mile 2T.G0 

Contract  price  for  laying  track iCT.EO 

Train  service  and  rent  of  equipment  used  In 

hauling  to  the  front ITS.OO 

3,000  ties  at  JO.EB IJGO.OO 

Transportation  of  ties,  rails,  etc,    (steel  hauled 
1,000  miles  and  ties  hauled  400  miles  at  0.4 

ct.  per  ton  mile) 1,023,80 

3,000  cu.  yds.  gravel  ballast  at  t0.(6 I.9S0.00 


Cost  per  mile  of  branch  lines: 

ST  tons  steel  at  St.  Paul  at  331 13,007.00 

«.46  tons  angle  bars  at  I34.£0 220.93 

0.7G  tons  bolls  at  fSS 41. ZE 

3.4  tons  spikes  at  343.20 143.43 

10T.61  tons  handled  In  material  yard,  at  tl . . .  107.61 

1   eitra  switch 27.60 

Contract  price  (or  track  laying 3TG.S0 

Train  service,  hauling  to  the  Aonl ITS.OO 

2,880  tlea  at  10.69 1,534.00 

Transportation  of  steel  and  ties 391.24 

l.SOO  cu.  yds  balloBt  at  $0.66 090.00 

Total,  per  mile 17,763.31 

The  banast  was  estimated  thus: 

Contract  price t0.2T 

Repairs  to  steam  shovels,  etc. 0.03 

Transportation   IK    tons.    60   mile*  at  0.4   Ct.   per 

Total    30,66 

In  testifying  regarding  these  quantities  and  prices,  Ur.  Gillette 
states  that  the  Northern  Padtlc  was  not  fully  tie  plated  even  on 
Its  mala  line ;  that  the  contract  price  for  track  laying  was  ex- 
ceaalve ;  that  tho  allowance  for  train  service  was  nearly  three  times 
whftt  such  aenrlee  actually  costs ;  that  the  price  of  ties  was 
esceatfve;  that  the  estimated  price  of  the  gravel  ballast  was  at 
least  iO%  too  hlcAi,  and  that  the  quantity  of  ballast  per  mile  was 
fullir  tO%  In  excess  of  the  actual  quantity. 
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Mr.  D*Tlliic  ertlinat«d  the  com  of  ebch  turnout  aa  follow*: 

Set  at  switch  tle> t  64.M 

Switch   iCand It.K 

Connecting    rod LIS 

Frog     tS.eO 

"nllt    bwlloh Sl.O* 


Spilt 
Bail 


Switch    lamp S.OO 

Quard    ralle S,gO 

Prelght    chargea 14.40 

Total    $162.76 

Fcr  the  weight  of  r«II  uaed.  and  eonatderlnx  tha  character  of 
the  average  turnout,  this  eetlmata  Is  high. 

Hr.  Darling  estimated  the  cost  of  the  tunnels  on  the  system  as 
foUowa ; 

S.390  lln.  ft.  tunnslB  under  700  ft.  In  length. 

1, 090  lln.  ft  tunnels  of  TOO  to  l.ZOO  ft.  each. 

T.E4S  lln.  ft.  tunnels  of  l.ZOO  to  4,000  ft.  each. 

9,833  lln.  ft  tunnels,  verr  long  tunneL 

The  above  are  alnsle  track  tuimels  lined  with  ooacrMa.  Beride 
these  there  were  4,919  lln.  ft.  of  single  track  tunnels  lined  with 
wood,  and  1,SE6  lln.  ft  of  double  track  tunnel  lined  with  concrete. 

The   cost   of    alnsle   tunnels   per   Itneal   foot   was   estimated   as 

Concrete   lining:  Fercn-Td. 

Contract    price t  S.OO 

IW  bbia  cement 1.66 

Freight    1.00 

Total    $1I.S0 

With  concrete  averaging  2  ft  In  thickness,  there  would  be  4.1 
en.  yda  per  lln.  ft ;  hence  the  cost  of  lining  would  be  4.1  X  llt.SO 
=  $51. 2S  per  lln.  ft  of  tunnel. 

The  cost  ot  short  tunnels  (up  to  800  ft)  was  estimated  as  follows 
C«r  lln.  ft. : 

Per  lln.  ft. 

Contract  price t  EO.M 

Add   10%    for   extra  eicavatlon   to   make   room 

for    lining B.00 

Concrete    lining Gl.tG 

False    work 11.40 

Total     1111.36 

For  similar  tunnels  lined  with  wood  Instead  of  concrete,  the 
estimate  was  $24.76  per  Un.  ft.  for  wood  lining  plus  $66  for  ex- 
cavation, making  a  total  of  practically  $S0. 

For  longer  tunnels  the  item  Of  lining  remained  the  aame,  but 
the  item  ot  excavation  was  estimated  as  follows: 

Length  of  tunnel :  Price  per  ft 

Up  to  700  ft $60plualO%  =  $BB.OO 

700  to  1,200  ft 65plualO%=    80.60 

I. ZOO   to   4.000   ft TBplUBlO?t=    BI.60 

4.000  lo   10.000  ft 90  plus  10%=    99.00 


The  10%  li  added  to  cov«r  the  cost  of  the  extra  excavation  to 
make  room  for  the  UdIdb,  and  to  these  prices  must  be  added  the 
cost  of  the  UnluK  Itself. 

Mr.  OlUette  teotlfled  that  the  unit  prlceg  for  tunnel  excavation 
were  very  liberal,  and  that  the  allowance  for  lining  vaa  excesslv& 
The  allowance  (or  "falsework,"  ho  said,  seemed  to  be  In  error  by  a. 
misplaced  decimal  point,  and  would  be  nearer  correct  If  It  were 
tl.ao,  since  It  could  refer  to  nothlnft  but  the  materials  used  In  the 
forma,  centers,  etc. 

Mr,  Darling's  estimate  of  (he  cost  of  short  double  track  tunnels 
was  as  (ollowa  per  lln.  ft. : 


Contract  price  IBO  plus  10% I  BB. 

..  .   ...   __=_    — cavftllon  -*  *" 

t  tl2.G0 


11.5  cu.  yds.  extra  excavation  at  fS 31. GO 

B.2  cu.  yds.  "       " 


Falsework 

Total    IHT.BO 

Mr.  Dtu'llnc's  estimate  of  t>rldKea  was  not  given  In  much  detail. 
But  was  as  follows  l 

Howe  truss  OrldKes %  694.680 

Steel  and  combination  brldKea 0,9E0,21S 

JGO.OOO  lln.  ft.  treaties  at  flO 3.GB0,000 

'    Tf«ttles  fliled  with  earth 3,012,416 

ToUl    brldglne HT.J47.243 

Other  itons  were  estimated  as  follows; 

4,GTe  miles  fenclDK  at  I1G1.G9 (  T07,ZB0 

Water   supply 1,871.200 

l.TGO.OOe  sq.  ft.  wharfs  and  docks  at  fO.TO. .  1,725,000 

Coaling     stations 535,038 

3.113,000  sq.  ft.  stock  yards  at  4.18  eta tE2,g5I 

74   track  scales  at  tl,45S 107,<71 

3,134  cattle  guards  at  118.80 57,lSe 

Roundhouses,  turntables,  power  houses,  etc.  1,080.418 

Shop    buildings 2.O0I,6GO 

Warehouses 2,886,015 

Headquarters  building 758,(00 

Passenger    stations 1.102. 804 

Combination   stations 1.108,980 

Interlocking    plant I23.5BB 

Hlle  posts  and  dgns  (E,T8G  miles  at  ti2.10)  130.581 

Ash     pits 79.057 

Ol)  and  sand  houses  at  (1.58  per  sq.  ft ... .  120,930 

Block   system 41,307 

Miscellaneous  buildings  and  piping l.ET8,G!8 

310  mile*  snow  fences  at  fl.SSO 531,500 

The  above  costs  Include  frel^t  on  the  materials,  and.  I:i  nearlr 
every  Instance,  this  freight  was  estimated  at  12%  of  the  unit  price 
assumed;  thus,  oil  and  sand  houses  were  estimated  at  81. GO  per 
■q.  fL  phis  11%  for  freight,  making  a  total  ot  81.88  per  eg.  ft. 
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TuratablsB,    each  ■  ■ 

Brick  abopa  f  l-Mory)  per  sq.  ft 

Brick  »bc^  (S-Btory)  per  aq.  ft 

Frame  shops  (l-Morr)   p«T  sq.   fL 

Frama  ffarehouaeB.  per  sq.  ft 

Brick  warehauSM.  per  sq.  ft 

Frame  paasenKer  atatlons.  per  sq.  (u 

Brick  psBsenKer  stations,  per  eq.  ft. 

Frajne     combination     stations      ( 1-atory) 


.    fL.. 


(Mrkiid  iaiid  liauses.  per  sq.  ti. 

Mr.   DarlliiK  failed  to  Btve  the  number  of  s 


t.G9 
1.S0 


»  feet  of  ««ch 

of  these  different  kinds  of  buIldlnKS. 

For  purposes  of  compariaon.  Mr.  Qlllette  rearruiKed  the  (orecolsff 
figures  of  cost,  following  Che  clssslflcatlon  used  br  the  Intersu.te 
Commerce  Commission,  and  divided  each  Item  br  S.STt  mites,  which 
la  the  mlteag«  of  main  line  and  branches  on  the  Nortberri  PaclBc 
aystem.  Th~  following  table  gives  the  results  of  this  calculation, 
showing  the  cost  per  mile  of  main  line  and  branches,  and  the 
percentages : 


Perm 


iffiS"".  :■.■.;::■.■..  ■.;;•.:; 

....1           Ifitl 

Bridges,  trestles  and  culverts 

MS! 

Frogs   and   switches 

aSWST;:::;::::;;: 

BallaatlnK    

;::;       Oil 

Z.04 


[^l,lng 


signal 


Telegraph    lln«_ 

Station    buildings 

Shops  and  roundhouses. . . 

Machinery    and    tools 

Water  stations 

Fuel    stations 

Warehouses    

MlBcellaneoUB   structures. . 

Interest     

Marine   equipment 

Contingencies    

Freight    equipment 

Passenger    equipment 

Locomotives    

Floating    equipment 


_  Total  .■".■!;.";::.';:;;.■.;;!!';;:::  ."tiE,»iMis 

Right  of  way  and  station  grounds 10T,7T»,T4» 

Grand    total t40S,«89.<M 


Go.t7o    i«o.ao 
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The  above  does  not  Include  Unea  In  Manitoba,  eBtlmated  to  coat 
17,000,000  lo  raproduce.  nor  the  coal  propertlSB  valued  at  160,720,120. 

It  vll)  be  noted  that  the  tE0,S7D  per  mile  mulllpllad  br  the 
6.ST4.01  miles  does  not  give  exacUy  Cha  total  of  t23S.81S,6B3.  Thta 
la  due  to  the  fact  that  a  allde  rule  waa  used  In  computing  the  coat 
at  each  Item  per  mile,  and  abaolute  precision  was  not  obtained. 
However,  the  error  Is  only  14  per  mile. 

The  reader  should  also  note  that  the  above  costa  per  mile  are 
not  coats  per  mile  of  track,  but  per  mile  of  all  main  and  branch 
lines.  Since  there  are  T,SS4.79  mllea  of  all  track,  and  only  E,S74.9t 
miles  of  main  and  branches  there  are  0.T7  mile  of  main  and 
braticbea  tor  each  1.00  mile  of  "all  tracka"  Hence  l(  we  multiply 
any  ol  the  above  20  Items  by  0.77  we  shall  have  the  cost  per  mile 
of  all  tracks.  Thus,  Item  9,  Track  Laying.  Is  tl,12g.  which  la  the 
coat  per  mile  of  main  line  and  branchea,  sidings  and  yards  being 
lumped  In.  But  the  estimated  coat  of  laying  each  mile  of  every 
kind  of  track  la  0.77  x  ¥1,128  =  MSB. 

In  our  Issue  of  June  22,  1907,  are  given  estimates  of  the  cost 
of  all  the  railways  In  Wisconsin  and  Michigan.  In  a  subsequent 
Issue  we  shall  ^ve  the  estimated  cost  of  the  Great  Northern  Ry. 
system.  A  comparison  of  these  various  estimates  should  prove 
Inatructlve  to  every  engineer  Interested  In  railway  conatmctlon. 

Itemized  Cost  of  the  Oreat  Northern  Railway  System  as  Ettt- 
mated  by  Its  Chlel  Engineer.*— in  our  Issue  of  April  is  we  gave  an 
estimate  of  the  cost  of  the  Northern  Pacific  Railway  similar  to  the 
one  that  will  be  given  here.  Both  these  estbnates  were  presented 
as  testimony  before  the  Interstate  Commerce  Commission  In  tlielr 
hearing  of  the  "Spokane  Rate  Case."  Since  the  object  or  the  hearing 
was  to  ascertain  the  reasonableness  of  railway  rates  on  the  N.  P. 
and  on  the  O.  N.  railways,  the  railways  naturally  claimed  a  high 
physical  value  for  their  property.  As  stated  In  our  April  IQ  Issue, 
Hr.  Halbert  P.  Gillette,  testifying  In  behalf  of  the  city  of  Spokane, 
claimed  that  the  estimates  presented  by  the  railways  were  much  too 
high,  frequently  being  high  not  only  as  to  unit  prices  but  as  to 
quantities. 

Mr.  A.  H.  Hogeland,  Chief  Engineer  of  the  Great  Northern  Rail- 
way, presented  the  following  as  his  estimate  of  the  cost  of  reproduc- 
ing the  railway  new  at  present  prlcea 

The  mileage  of  the  Great  Northern  under  operation  April  1,  DOT. 

Miles. 

Main    track e.E2J.OO 

Second,  Sd.  4tb,  Gth  and  Sth  track 112.iG 

Side  track 1,480.24 

Orand  total  oI  all  tra«ka S,llS.fig 

'    'Bnfflneertng-CotaracHnfj  May  6.  1908. 


HANDBOOK  OF  COST  DATA. 


1.  EnxineerlnK   • t  t.STO.lST 

t.  Rlghl  of  way  and  BUUon  gnnuida gT,D67,EIl 

3.  Orading     II,09B.B8» 

4.  Tunnels    T,41T.t£0 

E.  Brldcea,  trestles  and  culverts 17,963.028 

«.  Ties    18,B90,TS1 

7.  Bails    31,06*,J91 

5.  Track    fastenings 7,176.496 

3.  ProES  and  switches 904. 4&0 

10.  Balfast     10,609,000 

11.  Track  1a.yinf(  and  surfacing t,99S,tOI 

IS.  Fencing  right  at  way 7S0,816 

13.  CrosBlUKS.  cattle  guards  and  signs 1,922.160 

14.  Interlocking  or  signal  apparatus 386,190 

15.  Telegraph  Tines !,19B.28S 

IS.  Station  buildings  and  fixtures 3.276,300 

17.  Shops,  roundhouses  and  turntables 2,667,900 

IS.  Shop  mOfhlnerv  and  tOOts 1,779,632 

19.  Water    stations 1,9S3,32G 

20.  Fuel    stations B75.700 

21.  Grain   elevators 2,703.100 

i2.  Storage  warehouses 276,600 

23.  Docks  and  wharves 1,322.900 

24.  Oas    malting   plants IG.OOO 

25.  UlscellaneouB     structures 8,114.850 

2S.  Track  and  bridgp  tools 142.877 

2T.  Stores  and   supplies   on   hand   Feb.    18. 

1907    6,396.4«l 

28.  Contingencies     15,191.1(2 

29.  Equipment : 

Locomotives    f  10,768.324 

Passenger   cars 4,916,784 

Frt.  cars  and  other  equip.  16,349,098 

40.911.1S4 

Total     |8Tl,eS8,ll4 

SO.  General  and  legal  expenses  <1  %  ) t,71t,BSl 

Total     IS77.4tG.I06 

31.  Interest  during  constr.  <10%) 37,741,610 

Grand    total 1416.117,(16 

Engineering  was  estimated  at  3%  of  all  Items  requiring  ei 
Itig  lupervlslon,  being  all  ItMns  except  Items  2,  26,  27,  29,  80  and  11. 

Right  o(  way  and  station  groimda  were  estimated  br  the  Right  of 
Way  DeparOnent. 

The  grading  was  estimated  as  follows : 

£7.018  acres  clearing  at  183.60 |  1,11S,9SE 

340.000  sq.  rods  grubbing  at  81.66 661.000 


1,^66,^76  ruble  yards  riprap  at  S- - 

93,G0O  cubic  yards  retaining  wall  at  19.00 833.600 

194.2G0  cubic  yards  slope  wall  at  88.60 679, B7E 

Total'   grading 893,098.88!) 
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Ur.  Homeland  teotiaed  that  the  quantlttes  of  Kradlng  were  arrived 
at  aa  toUovB:  "For  ii%  or  the  mileage  ol  the  syHtem  the  actual 
(juaatitles  moved  in  conatnicUon  were  obtained  from  EnKlneertng 
Department  records.  For  the  balance  of  the  aystem  the  quantltlei 
could  not  be  obtained  In  that  way,  because  no  records  were  avail- 
able, and  they  were  estlnutted  from  profiles  and  by  comparleon  with 
adjacent  portions  of  the  system  where  the  quantities  were  known. 
To  these  quantities  were  added  the  quantities  moved  since  con- 
struction, In  widening  banks,  reducing  grades,  taking  out  sags,  Qlllng 
bridges  and  widening  and  deepening  cuts.  The  result  being  the 
actual  quantities  as  nearly  as  possible  to  arrive  at  sam^  required  to 
make  the  roadt>ed  as  It  exists  tv-day." 

It  will  be  noted  that  Hr.  Hogeland's  estimate  gives  an  average  of 
SS.SliO  cu.  yds.  of  excavation  per  mile  of  main  track,  distributed 
tbiu: 

Barth    76.0 

Hardpan    15.1 

Loose    rock t.i 

Solid    rock E.g 

Total     100.0 

Mr.  Hogeland  teatllled  that  the  part  of  the  a.  N.  east  of  Havre 
(1,G&3  miles  of  main  line)  averaged  IT.TSO  cu.  yda  per  mile, 
whereas  the  line  neat  of  Havre  (Z,OgS  miles  of  main  line)  averaged 

4S,2G0. 

Mr,  Hogeland  gave  the  percentages  as  follows : 

East  of  West  of 

Havre.  Havre. 

Per  cent.  Per  cent. 

Earth    88.4  67.0 

Hardpan     10.2  22.4 

Loose    rock l.I  7.4 

Solid   rock O.S  1J.2 

Total     100.0  100.0 

Kz.  Gillette  lestllled  that  Mr.  Hogeland's  estimate  of  yardage 
per  mile  was  much  too  high,  and  cited  actual  records  of  the  Q.  M. 
In  the  state  of  Washington  where  much  of  the  heaviest  grading  on 
the  Q.  N.  is  found.  But,  as  we  shall  publish  In  detail  Mr.  Qlllette's 
quantities  and  estimates  of  cost  of  each  of  the  railway  systems 
In  the  atate  of  Washington,  the  reader  may  make  comparisons  for 
hlmselt 

Ur.  H(«:e]and  arrived  at  hfs  unit  prices  as  follows; 

Clearing :  Per  acre. 

Contract     price (75.00 

Tran^nlng  men,  tools  and  supplies T.GO 

Total    182.60 
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Total f  LDO 

Retaining  wall:  PerciLyd. 

t  price   (coDcretA  or  rubble) t7,6D 

service D.SO 

Trail  sport  I  ng  men,  etc. O.TO 

Total    19.00 

Slope  wall ;  Percu.  yd. 

ntract     price 


Train 


rvlce.. 

or  ting  mt 


.    D.75 

.   0.» 


. .  U-W 


Waahingt 

■tnictlon 

excavated, 
land.     The  tree  hai 
iiJso  applies  to  Mr. 
men  and  mippllee  t 


IK  to  note  In  thin  connection  that  the  actual  rardag^ 

m   about    790    miles    of    the   Q.    N.    in    the    Mate   at 

B    tfi.OOO    cu.    yda    per    mile    Cor    the    original    con~ 

early  'SO'a  ajid  that  the  Item  of  "overhaul"  actually 

iesK  than   ",4   ct.  per  cu.  yd.  (or  every  yard  of  material 

compared  with  the  *%   eta  estimated  by  Mr.   Hoge- 

«  haul  limit  was  l.DOO  ft.      Much   the  sama  criticism 

Hogeland's  estimate  of  the  cost  at  tranvortlns 


and  (rem  the  site  of  the  i 


ICr.  HoKeland'a  eMImate  of  tiinnela  vBs  &■  (ollowi : 

E.III  llD.  n.  unllned  ilnKle  track  tunnel  at  fTO (    itt  2' 

17,34S  Iln.  ft.  timber  lined  single  track  tunnel  at  f  120 2,081,6: 

S.ISS  Iln.  (L  concret»  llnad  ilnKle  track  tunnel    (Boulder) 

at    IITB 1,074.3: 

13.813  Iln.  ft.  concrete  lined  alnKle  track  tunnel  (CaBcade) 

at     1196 2,693,B; 

E,141  Iln.  fL  concrete  lined  double  track  tunnel  at  Seattle, 

31.S48.000,   two-thirds  to  Q.  N 1,232,01 

Total |7,44T,«: 

The  unit  prices  were  arrived  at  aa  followi: 

Unllned  tunnel :  Per  Iln.  ft. 

Contract  price  (or  standard  unlined  section tSE.DO 

in„. —    „.i —  gUO 

7.00 

Total    370.00 

Timber  lined  tunnel :  Per  Iln:  It. 

Contract  price  tor  standard  unllned  section t  GS.OO 

Enlargement  for  timber  lining JO. 00 

Timber  and  Iron  In  place 25.00 

Transporting  men.  etc. lO.OO 


(BOCLDBB    Tun  NIX..} 

Bxcavatlon      t  90.00 

Temporary  timber  lining 20.00 

Permanent   masonry   lining 4E.00 

Transporting  men,  etc 20.00 


(CAaClbB   TUNNXU) 


ESxcavatlon   

Temporary  timber  lining. . 
Permanent  concrete  lining. 
Tranaporttng  men.  etc. 


Total     I18B.00 

Bridges,  trestles  and  culverts: 
1   stone  arch   (Minneapolis),    1. 770  Iln.  ft...t       867,000 
ISO  ateel  bridges  with  masonry  piers,  <3,GGT 

Iln.     ft S.941.645 

3,934  timber  trestles,   429. 8E1   Iln.  ft E,21«,180 

189  Howe  truss  spans.  19.996  Iln.  ft. 905.478 

4,940    permanent   culverts 3.0Z1.08G 

4,021  timber  culverts 1.000,740 

Total     117,953,028 

Mr.  Hogeland  did  not  give  the  number  of  pounds  of  steel,  yardags 
of  masonry,  etc  He  stated,  however,  that  he  used  the  following 
unit  prices,  to  which  he  subsequently  added  H  ct.  per  ton  per  mile 
for  transporting  the  materials,  so  that  these  unit  prices  do  not  In- 
clude the  cost  of  transporting  the  materials : 
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Steel  in  brldsea:  F«rtoiL 

Contract  price  read?  to  erect,  C.  o.  b.  St  Paul. .  .ICE.DO 

lull  BDd  ahop  Inqtectlon 7G 

Brecllon    ......T??/. li.00 

Palntlns    MS 


This  IB  equivalent  to  4  eta  per  lb.  erected,  ezclustve  of  the  coM 
ot  tnuuportatlon  from  St  PauL 

Haaonir:  Per  cu.  rd. 

Flrat    claa flLOO 

Second    claaa 8.D0 

Concrete    S.O* 

EKcavatton,  colter  dams,  pumping,  etc.,  variable. 
Timber  treMlea: 


Timber  In  place,  per  U. - .tSl.EO 

Piling  In  place,  per  ft. O.SE 

Wrougbt  Iron,  per  lb. O.OS 


Freight  to  be  added, 

Howe  truaa  vans :  Per  Itn.  ft 

«    ft I18.S9 

eO   (t. i7.90 

76   ft Jt.OO 

87  tt  ft te.te 

100    ft 37.60 

IIG    ft 42.00 

160  ft. 46.00 

Freight  to  be  added. 

Howe  trura  timber,  per  H. fit. 00 

Bods,   platea.   etc O.OI 

Bolts     0.01S 

Frelgbt  to  be  added. 

Vitrified  pipe  culverts :                                       Per  lln.  ft 
1!.1».    pipe !«.« 

i4-ln!    pipe!  '.V.V.'.'.V.'.'.V.'.'.'.W'.'.'.W'.'.'.W'.'.'.'.'.'.'.   LIS 

27-ln,    pipe 1.61 

Freight  to  be  added. 
Cast  Iron  pipe  culverts.   (30  per  net  ton,  plus  freight 
Ur.  Hogelanil  estimated  2.3S0   ties  per  mile  (^  main  track  and 
t,7E0  per  mile  of  side  track,  at  tlie  following  cost: 

Delivered  on  Hght  of  war |0.4i 

Train  service  and  loading  and  handling O.Ol 

Bumettlilng  U  of  all  ties  at  16  eta 0.04 

Tmnnportlng  f>00  mL  at   U  ct  ton  mile O.tl 

Tolal    I0.8J 

He  estimated  8,SgO  sets  of  switch  ties  as  follows  per  set: 

F.  o.  b.  mill,  per  U. fSO.OO 

Transporting  600  miles;  per  H. lE.DD 

Total     176.00 
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The  rails  for  the  main  track  averaged  68.1  lbs.  per  yd.  and  for 
the  aide  track  SO  Iba  Five  raJls  per  mile  wen  added  tor  "repair 
ralla."    The  coat  of  rails  was  estimated  to  be : 

P.  o.  b.  St.  Paul,  tncludlOK  handling 132.00 

Tranap.  800  miles  at  H  cL  ton  mile 4.00 

Total     tSA.OO 

Angle  bare  were  eatlmatad  at  17,000  iba.  per  mile  o(  aide  track 
mt  B  coat  of: 

P.  o.  b.  at.  Paul MO.OO 

Transporting  800  milea 1.00 

Total    t44-0O 

Bolts  and  nuts  were  estimated  at  1,800  Iba  per  mile  o(  main 
track  and  l.SOO  lbs.  per  mile  of  side  track,  at  a  coat  of: 


P.  o.  b.  St.  Paul t&4.0l 

Tranivortlng  SOO  miles 4.a< 

Total    (S8.01 

Splhes   were   estimated   at   6,EO0   Iba    per   mile   of   track 


P.  0.  b,  St.  Paul 142.00 

Transporting  SOO  miles 4.00 

Total    t4B.OO 

Tie  plates  were  estimated  at  23,000  Iba  per  mile  of  track  where 
fully  tie  plated  (or  G  lbs,  per  tie  plate),  and  It  was  assumed 
that  S,4G]  miles  were  fully  tie  plated  and  1,9S0  miles  half  tie 
plated,  as  a  coat  of : 

Per  net  ton. 

P.  o.  b.  St.  Paul J4B.00 

Transporting  800  miles 4.00 

Total     $4».00 

It  waa  assumed  that  TBO  miles  of  track  were  provided  with  rail 
braces  at  Z.OOD  braces  per  mile,  at  a  coat  of  10  cts.  per  brace. 
Summary  o'  track  fastenings: 

Angle    iKirs (3.030,738 

Bolta  and  nuts 431,288 

Tie  plates!  ill!!!'.!!!'."'.!'"-!!!!!!'.!!!!!  2l399!isT 

Bail  biacea 150,000 

Total     »T,376,48B 
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Ur.  Olllette  teatlOed  that  these  Items  ware  substantially  omrect 
except  as  to  the  Dumber  of  tie  plates,  whlcb  was  vbit  mix^  Dvar- 
eettmated. 

Frtiga  and  switches : 
Complete  turnout,  f .  o.  b.  St  Paul  (t.TGO  lbs.). .  .tSC.OO 
Tran^  800  mL  at  H  ct.  ton  mll« 7.G0 

Total l»i.BO 

8,880  lurnouta   (except  Ues)  at  t$i-eO t821,40S 

303  crossing  trOK*  at  tZ7E SI.OSD 

Total    I90MG0 

The  "complete  turnout"  Includes  switch  stand  and  bolts,  lamp, 
switch  points,  connecting  and  tie  rods,  plates,  rait  braces,  clips, 
frog  and  guard  rail,  but  does  not  Include  cross  ties. 

Mr.  Hogeland  eetlmated  that  S.TGO  miles  of  the  main  track 
averaged  3.D00  cu.  yds.  of  gravel  ballast  per  mile,  and  that  l.SOt 
miles  averaged  S.ZGO  cu.  yda  per  mile.  Of  the  1,480  miles  of  aide 
track,  he  estimated  that  9E0  miles  were  ballasted  with  1,E00  cu. 
yda  per  mile.  This  made  a  grand  total  of  18,050,000  cu.  rda  of 
ballast  on  the  aysteni.  the  cost  of  which  was  estimated  as  follows: 

Loading,   unloading,   putting   under   track   and 

dressing    truck ....fO.ZT 

Maintenance  and  repairs  of  steam  shovels O.OG 

Train  service,  hauling.  r«>alrs  and  rental  of  equlp- 
tatnt,  transp.  of  men,  tools  and  supplies 0.30 


Hr.  Gillette  testlfled  that  this  estimate  of  unit  cost  wsb  fully  E* 
per  cent  more  than  the  actual  cost  as  shown  by  the  records  of  the 
O.  N.  and  that  gravel  ballast  could  be  placed  tor  less  then  40  cts. 
per  cu.  yd.  under  existing  cDudltlona 

Ur,  Hogeland  estimated  the  cost  of  track  laying  and  surfacing  as 
lollows; 

Pnr  ml  la 

Curving  ratla  laying  and  surfacing IIEO.OO 

Labor  of  tie  plating  (average) 4G.00 

Train  service  and  rental  of  equipment  and  haul- 
ing to  front 890.00 

Transporting  men,  suppllee,  etc. EO.OO 

Total     S8S6.00 

8,I1G.E8  miles  at  t81G |S.TTS,409 

8,880  switches  placed  at  tSG 130,000 

Total      11,998,100 

Mr.  Olllette  testlfled  that  the  Item  ot  train  service  was  about 
three  times  higher  than  the  actual  cost,  and  that  the  transportation 
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Hr,  HoKeland  .estlmat«d  4,111  mlle«  ol  right  o(  way  fencu  at  tbe 
followInK  coat  t>er  mile: 

Per  mile. 

Standard   lence IIGO.OO 

Train  aervlce  distributing  materials 10.00 

Transporting  men.  etc G.OO 

Total    tlGS.OO 

He  estimated  the  cost  of  iirosslngs.  cattle  goards  and  sIbus  as 
follows: 

6.B3S.34  miles  of  %1S  for  cattle  guards,  signs,  etc. I    «9T,fi5D 

58  Bteel  highway  bridges  (overhead) 1,344,000 

Timber   bridges    (overhead) SO.GID 

ToUl     |1,9SS,1«0 

Interlocking  and  signal  apparatua: 

Interlocking    J32T,7B0 

Block  BlBnallng 58.440 

Total     tSSe.lSO 

Telegraph  tines: 

Labor     t    SE0,CI4.48 

Material    : .   l.:!9e,tOT.4e 

Train    service lg,S3S.OO 

Tranep.  men,  tools,  material,  etc. S19.598,21 

Quadniplex   Instruments,   batteries,    faml- 

tare,  etc..  In  S  main  offlces lS,tZ5.00 

Total     t3,lS8,2gS.lS 

This  Is  equivalent  to  the  following  coat  per  mile  of  telegraph  line: 
Per  mila. 

libor    t  08.00 

Uatarlal     . .  r S00.0» 

Tmln  service 2.50 

Transporting  men,  etc. S8.00 

Quadruples   Instrumenta,   etc 2.50 

Total .taat.oo 

Mr.  Gillette  testified  that  this  waa  an  excessive  estimate,  and 
that.  BO  far  as  the  state  of  Washington  was  concerned,  the  O.  N. 
did  not  own  a,  large  part  of  the  telegraph  lines  and  that,  In  fact. 
It  waa  the  common  pnwtlce  for  rallwars  to  share  the  ownership  of 
the  lines  with  telegraph  companies,  as  shown  by  the  accounting 
record*  of  the  railways: 

Passenger  depots: 

Beattle    (one-hall    Intereat ) .  ^ . .' t    ISE.OOO 

Spokane    117,800 

drand    Porks I7,«0* 

Fai«c    II.XM 

ar^^TZ       ,-U.._  <BA  AHA 


City 180.OD0 

Minneapolis  nnlon  depot 848,600 

SO  other  pasaenger.  depots  of  brick  or  stone. .  41),BM 

TOG  frame  irassenger  and  trslgtit  depots 1,8!0,700 

14  freight  depots  of  brick  or  stona 4tt,000 

Frame  freight  houses 172,800 

Total    .t3.t7«,t00 


r 
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The  St  Paul  union  deoot  (of  which  the  Q.  N..  owns  oii«-nlnth 
Interest)  and  the  Superior  d^Mt  (of  which  the  Q.  N.  owiw  gne- 
third  iDtereat)  are  not  Included  atuve.  but  are  Included  under 
"right  ol  wo]'  and  station  grounds."  Mr.  Hogeland  did  not  give 
any  dlmenslone  of  buildings,  bo  that  It  la  ImprBctlceble  to  check 
bis  eatlmatea. 

Shops,  roundhouaea  and  turntables: 

Shop,   St.    Paul t    864.400 

Shop.    St.    Cloud lE.lOO 

Shop,    Superior S1,OBO 

Shop,    BafDesvllle IT.SOO 

Shop.  Sioui  City It.SOO 

Shop,    Devils   Lake 60,000 

Shop,    Havre Sl.OOO 

Shop,  Great  Falls 12,000 

Shop,    SpoKane lit.SOO 

Shop,    BVerett 70,800 

Roundhouses,  frame,   SS  MallB,  at  (1,400 113,100 

Roundhouses,   masonry,    EGl    stalls,  at    12.100   1.101,400 
Boiler  housei.  power  houses  and  small  shops      210,000 

Turntables,   frame.    10,    at    11,800 18.000 

Turntables,    steel.    &1,   at    |i,EOO STO.GOO 

Cinder    pits 140,000 

Store  houses,  oil  and  sand  houses  and  scrap 

bins    198.000 

Total     tS.SST.OOO 

Water  stations: 

42ft  water  stations   (at  t4,T22> |1,»SS,SI£ 

nils  Inchides  tanks,  pump  houses,  pumps,  euclnes,   wells,  resu'- 
volrs  and  all  appurtenances  of  water   stations     It  will   be  noted 
that  this  supplies  one  station  every  16  miles  of  road. 
FNiel  stations: 
E2  standard  coallne  stations  at  t9,E00.  ...*... t    G44.S00 
52   platforms   coallngr  stations,   portion   with 

cranes  and  buckets,   tOOO 31,200 

Total    t    eTE,T00 

Grain   elevators: 

UlnneapollB    %    240,000 

Superior,  A  and  X 823,100 

Superior   3    (steel) 1,SJS,4D0 

Seattle,   Smith's  Cove JD8,000 

Total      12,708,100 

Storage  warehouses : 

Superior,   Hour  shed %    142,800 

Five    wool    bouses 19,800 

Seattle,  warehouse.  Smith's  Cove 118,900 

ToUl      t  27S,B00 

Docks  and  wharves  (Including  dredging) : 

Superior  No.   1 t  176,000 

Superior  No.  2 80.800 

Superior  Nos.  E  and  6  and  machinery 449,E00 

Seattle.  Smith's  Cove  dock S17,<0B 

Total     .tl.211.SO0 
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MlscellaneouB  atmcturea: 

Oener&l  olDce  buIldltiK.  Sc  Paul |  MO.OOO 

DIvlaloD    office    buildlnK' K.tOO 

BoarilInK    houwa ST.GOO 

Section  nouBea,  bunk  houaeB,  hand  car  bouwa  BBS,G0O 

IcB  housea lOT.fiOO 

Stock    yarda 1GT,<00 

Trnck    scalea >t,£GO 

Bnow    aheda 1»E.000 

Baaw    fences 4)0.000 

Loading    plaUonna 71,000 

Quarry  and  cruaber  planta 4G,000 

Tie  treatlQK  plant SS.OOO 

ConunlBsary    building" IS.OOO 

Miscellaneous    buUdlnKa IST.GOO 

Total      .f3,l*4,8e0 

Mr.  Hogeland  allowed  10  per  cent  of  Items  3,  4,  E,  10.  11,  18,  17. 
19,  20,  SI,  12,  23  and  2E  for  "continKencleo."  to  cover  the  Increased 
cost  of  the  work  due  to  unforaeen  causes,  auch  as  flres,  floods, 
tornadoes,  accldenla.  etc  Hr.  Gillette  teatlfled  that,  while  an  allow- 
ance  for  "contlnxenctea"  Is  certalnl;  permlaalble  In  estlinatinK  the 
cost  of  jiTojected  work.  It  la  not  permissible  In  eatlmatlng  the 
cost  of  completed  work,  particularly  where  the  actual  costs  are  on 
record  for  nearly  all  the  work,  as  Is  the  case  of  the  G.  N. 

In  estimating  the  Interest  chargea  durlnK  construction,  Ur. 
Homeland  assumed  that  the  system,  including  CQulpment.  would  be 
unproductive  tor  a  period  of  two  years.  He  assumed  that  It  would 
take  elKht  years  to  reproduce  the  syst^ii,  1,000  miles  of  track  (main 
and  side)  being  built  per  year,  and  that  it  would  he  two  years 
after  the  beginning  of  the  work  before  the  first  I,DDO  miles  would 
produce  sufficient  revenue  to  pay  interest  on  the  Inveatment,  and 
to  on  with  the  rest  Henoe,  two  years  at  G%  is  10%  of  the  total 
cost  to  be  charged  tor  Interest. 

It  will  be  Interesting  to  compare  this  estimate  with  the  actual 
Interest  charges  as  taken  from  the  ledgers  of  the  different  railway 
companies  operating  In  the  state  of  Washington.  These  data  wll! 
be  published  In  this  Journal  In  the  near  future,  along  with  the 
other  items  of  actual  cost  as  ascertained  by  Hr.  QlUette  for  the 
Ballroad  Commission  of  Washington. 

For  purposes  of  comparison  with  the  estimated  cost  of  the  N.  P. 
(published  in  our  April  IB  Issue)  we  append  the  estimated  cost  of 
the  G.  N.,  by  Items  per  mile  of  main  and  second  track,  aa  deter- 
nlned  by  dividing  Ur.  Hogeland's  Items  by  S.«3S.34. 

The  mileage  of  the  Great  Northern  under  operation  April  1,  190T. 


3,11G.GS  miles  total  tracka 
There   are   aaly   II!. tG   nilles   of   second   trade   Included   in   the 
above,   and   It   will    be    seen    that   there    Is   0.22   mile   of   side  track 
per  mile  of  main  and  second  track. 
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Track    faetanln^ 

Frog*    &nd    BWltcties 

Ballaat    

Track  laying  and  mrfaclDB 

Penclns  right  of  way 

CroaslnKii,  catlle  guard!  and  dgns. . 
Interlocklns  and  Blsnal  apparatus. . 

Telesraph    llnea -  - 

Station  bulldlnBB  and  llxturea.  ■ 


Shops.  roundhouHea  and  turntables 

Shop  machinery  and  toola 

Water    atatlona 

Fuel    BtatlonB 


Storage  wnrehousea . . 
DochB  and  wharvei.. 
Gaa  making  plants.  . . 


Deduct  right  of  way  imd  station  grvunds. . 


Cost,  e 


a  of  li 


1  and  equipment ti3,Ht 


Contract  prlc*i  for  Railway  Work  In  Ihs  Stat*  of  Washington.*— 
In  buUaing  the  Chicago.  Milwaukee  t  8t  Paul  Una  tlirough  tb* 
state  of  Washington,  the  contract  prices  (or  work  let  In  1901  were 


Earth  eica' 


'Btlon.  haul  300  ft.  or  len,  »0.1T  to  fO.H . . . 

/Htlon.  haul  300  to  1,000  tL.  tO.il  to  lO.lT. 

haul  l.OOO  ft  or  less.  10.30  to  10.41 

avel,  haul  1,000  ft.  or  less,  tO.Sfl  to  (0.40.. 
,  haul  1.000  ft.  or  less,  t0.3J  to  tO.tS 

haul  1,000  ft.   or  less.   tO.ttO  to  11.00 

ine.  haul  1,000  ft.  or  leas 

nd  placed,  haul  1.000  ft  or  letM 

ror  each  100  ff.  beyond  1,000  ft. 

trina-Contraeting,  Dec.  IB,  1*09. 
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Other  prices  wer«  as  follows  for  different  udIIb; 

ClearlDK.  per  acre.  (40.00  to  }100.0a tltO.OO 

OrubblDK,  per  atatlon,  tlO.OO  to  fZO.OO Ifi.Ot 

Ties  mode  on  right-of-way,  each 0.18 

Tunneling  (800  ft.  longer  less),  per  lln.  fr 4B.O0 

Tunnel  enlargement,  per  cu.  yd t.OO 

Tunnel  tlmlwr  in  ptaoe,  per  M tS.00 

Log  culverts,  per  lln.  (t.  of  log« 0,14 

The  contract  prices   on   the   Portland   and  Seattle  Ry.,   built   In 

WaahlngtoQ  at  tlie  sams  time  as  the  C.,  M.  &  SL  P.,  were  as  followa ; 

Per  cu.  yd. 

Barth  excftTatioD,  haul  300  ft  or  less (0.17 

Earth  excavation,  haul  3O0  to  1,000  f  L O.Il 

Hardpan,  haul  1.000  ft.  or  less 0.36 

Lioose  rock,  haul  1,000  ft,  or  less 0.40 

Shell  rock,  haul  1,000  ft  or  less O.tO 

SollD  rock,  haul  l.DOO  ft  or  less 0.90 

Riprap,  loose,  haul  1,000  ft  or  less 0.90 

Riprap,  hand  placed,  haul  1,000  ft.  or  less I.IS 

Overhaul  for  each  100  fl.  bej^nd  1,000  (l 0.01 

Other  prices  were  as  follows  on  dltFerenc  units: 

Clearing,  per  acre t  IB.OO 

Qmbbing.  per  aq.  rod l.CO 

Wrought  Iron,  spikes,  etc.  In  structures,  per  lb. O.OE 

CbM  Iron  In  structures,  per  lb. 0.06 

Sqtiars  timber  in  culverts,  per  U SO.OO 

Flatted  tlmtier  In  culverts,  per  lln.  ft 0.12 

Tunnel  In  rock  <18  x  !4  ftS,  per  lin.  fL 46.00 

Tunnel,  extra  excavation,  per  cu.  yd t.OO 

Tunnel  timber  lining.  Including  Iron,  par  M lO.DO 

Piling,  per  II-   -•    — •  --  »  .» 


Plilngper  lln.  IL,  drive 
44-rt.  Howe  ti 


e  truss  bridge,  per  lln.  ft 9.2E 

M-fL  Howe  truss  bridge,  per  lln.  ft. IJ.EO 

75  to  88-ft  Howe  truss  bridge,  per  lin.  fl 19.00 

100-ft,  Bowo  truss  bridge,  per  Itn.  f t. lO.OO 

120  to  12G-ft.  Howe  truss  bridge,  per  lin.  f( 21.00 


a  bridge,  per  11 

furnished  by  the  company),  i.       ... 

Concrete  In  tunnels  (cement  furnished  by  the  company),  per 


Concrete  {cemert  furnished  1^  the  company),  per  cu.  yd.... 


Track  laying.  Including  loading  all  material,  per  mile SOO.OO 

Switches  placed,  each 25.00 

placing  tie  plate*  per  mile,  fully  tie  Dialed T6.O0 

Ballaat  (gravel),  including  tra(^  surfacing,  per  cu.  yd. 0.27 

The  price  for  ballast  does  not  Include  hauling  It,  which  was  done 
by  the  railway  company.  The  prices  for  Howe  truss  bridges  In- 
clude all  materials  except  the  iron,  and  all  framing  and  erecting. 

Rscord  of  Rapid  Construction  on  the  C.  P.  Ry.— In  the  Jour. 
Assoc.,  1884,  p.  150,  Ur.  S,  T.  Abbott  gives  a  brief  account  of  the 
rapid  construction  of  500  miles  of  elnifle  track  road  acrosa  the 
prairies  from  Brandon  (132  miles  west  of  Winnipeg).  Ground  was 
broken  May  iS,  18X2.  and  continut^  to  Doc  31.  In  182  working 
days.  Including  stormy  ones,  with  a  force  of  about  5,000  men  and 
1,700  teams,  the  contractors  did  the  following: 

«,10*,000  cu.  yds.  earih  excavation  (or  14,000  cu..yda  per  mite), 
1,194  H.  timber  in  bridges  and  culverts,  S5.70O  lin.  ft.  piling;  and 
4SG  mllea  of  track-laying.  The  track  was  all  laid  from  one  end. 
and  In  no  caae  were  the  rails  hauled  ahead  by  teaniL     Two  Iron 
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cttia  w«r«  uMd,  the  empty  one  on  Ma  return  being  tnriMd  up 
bralde  the  track  to  let  the  loadad  one  by.  The  tracklaylnK  mw 
wsa  «aual  to  1  mllea  a  day.  In  the  monUi  of  AusuM,  33  mllei  ol 
track  were  laid.  Th*  sradlDg  forces  wer?  scattered  bIodk  IE* 
mllea  ahead  of  ttw  track.  SidioK*  l.EOO  [L  long  were  graded  1 
mll«a  apart. 

It  will  be  noted  that  the  grading'  force  averaged  34.000  cu.  yds. 
excE^aKon,  13  M.  timber,  and  600  ft.  piling,  per  day.  Hence  each 
horse,  plus  IM  men,  averaged  10  cu.  yds.  per  day. 

WelBht  and  Coat  of  &te«l  In  Brooklyn  Elevated  Railways.*— In 
18a6  there  were  about  iO  miles  of  double  track  elevated  raJIways 
In  Brooklyn,  and  tho  average  weight  of  meel  wa«  l.TSO.OOO  Iba.  per 
mile,  or  nearly  1,100  lbs.  per  lin.  ft.  This  weight  was  about  20% 
In  excess  of  what  would  have  been  neceaSBry  If  the  columns  oould 
have  been  placed  In  the  roadway:  but,  due  to  the  narrow  streetA 
fully  1  %  of  the  columns  were  placed  at  the  edge  of  the  sldewBlki, 
necessitating  transverse  girders  SB  to  4E  ft.  long.  The  average 
length  of  the  longitudinal  girders  was  50  fL  The  following  Is 
typical  of  the  distribution  of  tbe  steel  In  more  modem  sectlooB 
(built  In  IS9S).  which  averaged  7,840,000  lbs.  per  mile,  or  neuly 
l.SOO  lbs.  per  Un.  CL,  the  transverse  girders  being  4E  fL  long: 

Columns    ll.E 

Transverse    girders ao.B 

Longitudinal   girders   (two  tracks) BT.O 

fitatlon  platforms 6.0 

Bracing   6.0 

Total     100.0 

This  work  cost  nearly  3  cts.  per  lb.  erected,  at  which  rate  (be 
steel  work  cost  nearly  t4G  per  lin.  ft.,  or  less  than  f!40,000  per  mile. 
Ties  7  X  S  Ins.,  spaced  16  Ina  c  to  c..  were  used ;  guard  rails,  (  x  t 
ina  The  earlier  lines  Were  built  with  SO-!b.  rails,  but  In  ISt:  rails 
weighing  8G  lbs.  were  adopted.  Stations  aver^ce  l.SOO  ft.  apart 
The   locomotives   weighed    46,000    to    60,000   Iba.    the   wheel   base 

Cost  of  the  Eariy  Elevated  Railways  In  New  York  City.*— The 
cost  of  a  mile  of  double  track  elevated  railway  on  Manhattan 
Island,  New  Tork  City,  up  to  1880.  when  there  were  35  miles.  Is 
given  by  Mr.  R.  E,  Johnston  as  follows; 

Foundations,    columns,    superatr.   and    track. .  .1288,400 

Stations     80,000 

E   locomotives  at    14,000 tO.OOO 

12  cars  at  13,300 3M00 

Total    .M0S,«O0 

The  foundation  pit  is  T  ft.   square  end  T   ft   Ottp. 


'EnglneBtine'Contraellnii,  Oct  7,  1B08. 
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Tbe  foundation  of  each  column  Ib  of  brick  4x1  ft  on  top  and 
txl  ft  at  the  base,  i  (t.  high,  reiUnK  on  two  fi-ln.  AOBHtoneB. 
3  X  T  ft.  each,  which  In  turn  rest  on  4  Ins.  ol  concrete. 

The  cast-Iron  base  o(  the  column  welKha  S,000  Iba  and  !■  secured 
by  four  2-ln.  bolts  that  pan  through  the  foundation. 

The  longitudinal  girders  are  44  ft  long. 

NotblnK  was  paid  for  damage  to  property. 

Labor  Coat  of  Track  Laying  on  Elevated  Railway!  In  New  York 
City,  Alio  Some  Coita  of  Erecting  Steel.* — The  following  coats  relate 
to  track-laying  on  elevated  roads  on  Manhattan  Island,  and,  although 
the  work  waa  done  28  years  ago,  the  records  are  given  hy  Mr.  G. 
Thomas  Hall  In  such  detail  as  to  be  applicable  to-day,  provided 
proper  substitutions  are  made  for  wages. 

The  Becond  Avenue  line  waa  double  tracic,  and  about  T.4  miles 
long,  of  which  about  2%  waa  curved. 

The    contractors    found    the    following    organization    the    most 
ettectlve  tor  track-laying; 
G  carpentera 
.0  skilled  latMrers  assisting  carpenters  on  the  guard  timbers. 


,lng  steel  rails. 

[>  clipping  croBS-tlea 


The  clippers  were  kept  EDO  ft.  ahead  of  the  epikera.  and  the 
pikers  750  ft.  ahead  of  the  carpenters  on  the  guard  timbers. 
Horsepower  was  found  to  be  cheaper  than  steam  In  hoisting  track 
material  from  the  itreeL  The  cross-ties  were  first  hoisted,  dis- 
tributed and  spaced ;  then  marked  for  camber  by  means  Of  T 
■Igfats,  Bdied  and  clipped.  Then  the  steel  rails  were  In  turn  dis- 
tributed, lined  up  and  spfked ;  then  the  guard  timbers  were  dis- 
tributed, ends  Jointed,  gaged  and  t>otted  down ;  the  Inside  guard 
being  put  In  place  and  ilnlsbed  with  strap  Iron  before  the  outside 
one  was  laid.  A  space  of  atwut  ZED  ft  intervened  between  the  gangs 
employed  on  the  two  ranges  of  guard  tlmlwra  Everything  work- 
big  nnooChly,  the  above  force  laid  at>out  £60  ft  of  double  track  per 
l*-lir. .  day  on  tangent  work. 

The  following  was  the  cost  to  the  contractor  of  laying  complete 
1,000  lln.  ft  of  straight  ttnffle  track: 

Hoisting  and  distributing  materials $  40.00 

Laying    crosv-tles     SS.OO 

Laying    steel    rails SD.OO 

Ikying   guard    timbers    100.00 

Strap  Ironing  guard  timbers ZO.OO 

Incidentals,  loss  of  time,  repairing,  tools,  etc. . .     ZE.OO 
Buperlntendonoe    ZO.OO 

Total  for  1.000  ft. ISOO.OO 

The  contract  prices  were  SS  cts.  to  41  eta  per  lln,  ft  of  single, 
•tralght  track. 

•£H^neerfn0-Oonlracl(np,  June  1.  1909. 
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The  amount   of   materlalB   In   1,000   ft.   of   HlriKle   tmck   vas  ■ 
follows: 

2B0  ci-osa-Uea.  t'xt'xjr.  9.000  ft.  B.  M. 
600  croBB-tlea.  CiCiS',  12,000  ft  a  M. 

1,600   log  Krewii.   %"»!". 

67   Bteel  rallB  (30'),  S3  lb>.  per  yd. 
ET  Qsh  plales.   %'xZH'iiO-. 
208  flsh  Dlalee  bolts.   %*  X  i". 
1,000  spikes. 

7.0D0  lln.  It  Euard  timber.  0' x  8",  28,000  ft  &  H. 
l,BO0  guard  rail  bolts,    %'xH'A". 

160  Tag  screws,  ^-xli-. 
2,000  lln.  ft.   Btrac  Iron.   yi~  X   1%'. 
300  strap  Iron  bolls.   K"  X  6^'. 
300  blunt  bolts  for  strap  Iron,   ii'  z  6". 
%   bbl.  Portland  cement 

It  » 


The  cost  of  3D  ctB.  per  lln.   ft.  at  single  track  is  eaulvBlrail  to 

tl,E81  per  mile  for  tracklaylng. 

To  lay  one  "typical  crosslns"  consIstluK  of  two  cross-over  tracks 

(one  from  each  main  track  to  a  center  track),  comprlaliiK  211  lln. 

ft.  of  si HEle,  track,  with  6  frc^s,  from  switches  and  outside  guard 

timbers,  with  Inside  steel  Buard  rails,  cost  as  follows: 

Hoisting,  aditng  and  clipping  cross-ties 118.36 

Lnying  rails,  frogs  and  switches 40.00 

Ikying    guard    timbers 12.l>0 

Laying  steel  guard  rails t.iS 

Total  »76.0» 

This  Is  equivalent  to  36  eta  per  Ihi.  ft,  of  the  aingle  track. 
The  Iron  superstructure  of  this  elevated  road  consisted  of  Warroi 
longitudinal   girders,    whose   upper   chords   rest   upon    the   top   of 
Warren    trEuisverse    girders,    supported    by    six-segment    FboenU 
columns.    The  weights  were  as  follows: 

Lba  per  lln.  fl. 

Transverse  girders 200 

Longitudinal  girders  130 

Bracing    » 

•■A"    caliber    columns I  IT 

"B"    caliber    columns. 140 

The  columns  were  erected  by  a  gang  of  7  men  and  a.  team  of 
horMS.  using  a  derrick  wjgon.  This  gang  averaged  39  columnB."  of 
SO  ft.  each,  erected  per  day,  or  about  4ti  tons. 

The  same  gang  averaged  10  columns  Of  60  (t  aach,   or  SU  tons 
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The  eoit  of  placing  a  3,S0O-lb.  base  castlns.  on  which  the  column 
rests,  was  as  lollowa : 

Per  tsastlDg. 

Uncovering  pier  (IS  cts.  per  hr.) »n  sk 

Moving  casting  from  aldewallc  to  pier  (15  eta  per  hr.) . . 
Erecting  derrick  and  setting  casting  <1G  cts.  per  hr, ) . . . 

Repaying,  3b  an.  ft   (E&  eta  per  hr.) g.oi 

Washing,  tarring  and  bricking  (26  eta  per  hr, ) (l.S[ 

Rofllling  (IB  eta  per  hr.) --   m? 

Preparing  cement  mortar  (20  ct«.  per  hr,) 

Foreman    and    night    watchman. ..,...,..,..,.......,, 

Total  labor  IS.Si 

W  bbl,  cement,  at  »1 n.si 

U   bbl.  sand,  at  }1.2E  per  cu.  yd. 

3i  brick,   at   110 

y,  cu.  yd.  refuse  carted  away u.ai 

!  <4  cu.  ft  sand  for  paving 0,1 : 

Coal  tar,  cement  work,  etc "  ■" ' 

Oil  for  lamps,  etc 

Grand    total    (4.21 

The  above  Is  for  company  work.  Later  on  contracts  were  let  for 
tS.TE  per  3,!(l(l-lb.  base  casting,  and  the  contractor  put  In  IE  cast- 
ings a  day,  as  compared  with  10  placed  by  the  company's  forcea 

The  girders  were  erected  by  a  traveler  on  the  structure,  with  & 
crew  ot  12  men  and  one  englneman  for  the  IS-bp.  engine,  which 
consumed  K  ton  coal  per  day.  This  crew  raised  (fi  girders  per 
10-hr.  day^or  iOO  tona 

The  Iron  girders  all  being  in  place,  the  lateral  t>raclng  was  then 
adjusted  and  riveted,  and  the  columns,  very  carefully  plumbed  with 
heavy  Iron  plumb-boba    Iiong  coluntna  were  plumt>ed  wittl  a  transit. 

Two  coats  ot  paint  were  applied,  the  first  being  an  iron  ore  pnlnt 
and  second  being  white  lead.  The  painting  coat  tl.GO  per  lln,  ft.  of 
double  track  road  (not  Including  station  buildings),  o(  which  36.8% 
was  (or  labor. 

First  Cost  and  Cost  of  Operation  of  Elevated  Railways  in  Brook- 
lyn  and    Nsw  York.'— The   following  table  gives  costs  of  building    ■ 
double  track  slevated  railways  In   Brooklyn  during  three  different 

1SS5  to  ISSS  to  1842  to 

Tear.  IS88.  1S91,  1903. 


Ii!5 

Ma! 

Maximum  net  tons  per  mile! '. '. 
Minimum  net  tons  per  mile... 

..    also 

3:287 

Total  cost  per  mile 

.   542.411 

93.60 
297,698 

•Bnirtneertiifl-CoiMrocffnjj,  May  fi.  1909. 
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and  cast-Iran  base  waa  u«ed  under  eadi  poat  or  column.  I>arbig 
1S88  to  1881  coDorete  waa  subatltuted  for  tha  brick,  but  the  caat- 
Iron  bdae  (below  tbe  atreet  level)  waa  retained.  In  ISSl  and  ISSI. 
Che  cast-Iron  baae  waa  abandoned,  and  the  columns  were  dealgned 
to  reat  directlji.  on  the  concrete  at  the  street  level. 

The  1.22  mflea  of  etructure  btiUt  In  1833-1893  Included  i.SOO  ft. 
of  third  and  croaa-over  tracIUL  and  the  lollowlns  were  the  average 
unit  prices : 

Bxcavatlon    (per  cu.  yd.) I  O.GO 

Concrete  (per  cu.  rd-) 7.00 

Steel  In  structure  (per  net  ton) tl.OO 

Timber    (per    M) HOB 

Steel  rails  per  grom  ton  (tS  Iba  per  yd.) II.OD 

liabor,  laying  single  track  (per  ft) O.SE  , 

Tlte  loUowInK  glvea  the  detailed  coat*  per  mile  of  stmctare: 
Per  mile  of 
double  track. 
100  foundations   (1,900  cu.  yda.   concrete)   in- 

cludlns  bolts   f  18,049 

i.OEG  net  tons  Iron  In  place 1S4.42S 

Double  track,  materials  and  labor 43,J4» 

Stations    : 88,819 

BnglneerlnB    t.»H 

MIscellaneoua .l,GIt 

Total  |t»T,S9> 

Thera  are  OSS.STO  ttB.lL  timber  per  mile,  In  tIeM  guard  rall^ 
etc.,   which,  at   til   per  M,   Is  equivalent  to   (14,867   per  mile  (or 

It  will  be  noted  that  ensineerlng  cost  S.3S%  of  the  total  and  that 
the  average  weisht  of  steel  In  the  structure  Is  1,157  lbs.  per  Iln.  tU 
and  that  the  average  span  length  of  the  plate  girders  Is  about  ES  ft. 
Conalderfng  merely  the  cost  of  materlala  and  labor,  a  span  of  90  ft 
would  have  been  the  moat  economical,  and  would  have  resulted  In  a 
saving  of  S%,  considering  only  the  foundatlona  and  superstiucture, 
but  the  longer  span  (58  ft.)  Waa  adopted  to  reduce  damage  la 
abutting  property. 

The  maximum  work  of  eractlon  in  10  hra  waa  11  spans  of  51  ft 
each,  weighing  315  tons ;  an  average  of  8  spans  iier  day  was  eaiilr 


tn  the  track  laid  prior  to  1S8S,  the  ties  were  8x8  Ina,  spaced  11 
Ina  c.  to  c  and  the  rolls  were  tO-lb.  A  «  x  8-In.  guard  tlDilMr  was 
bolted  each  side  of  each  raU.  In  1888,  the  ttaa  were  made  7x8  Ina, 
spaced  1«  Ina  c.  to  c,  and  the  rails  wwe  still  OO-lb.  In  Ii*t  an 
8G-Ib.  raU  waa  adopted,  to  secure  a  longer  life  of  tbe  rail  and  la 
reduce  the  cutting  of  the  rails  Into  the  ttaik  and  the  ties  were 
Ipaced  IE  Ina  c.  to  c. 
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Th«  contract  prices  for  nations  were  about  a«  (oUowe  In  1899 : 
One  Bta  Ir-  TWO  stair- 
way, ways. 

Carpenter  work   (3,096  ts,678 

Sheet  metal  work M32  926 

pEilntlnS    ana    decorating 109  E40 

Plumbing   work    22G  29S 

HeattnK  apparatus 226  Z9B 

Architectural  work   2,100  I, £00 

Total   |7,«7  $7,835 

These  were  ordinary  Inter-trach  stations.  It  Is  a  serious  economic 
mistake  to  build  two  stations  outside  of  the  tracks.  Instead  of  one 
between,  as  It  doubles  not  Only  the  first  cost  but  the  cost  of  station 
aervice  and  malntenanca  Station  service  and  maintenance  cost 
12,400  a  year  per  station. 

Terminal  stations,  contalninc  trainmen's  rooms,  etc,  cost  aJiout 
double  the  above. 

The  cost  of  operating  16.9  miles  of  double  track  road,  by  steam 
locomotives,  In  Brooklyn  In  1893  was  as  follows; 
Mai*terux*ce  of  Wav  and  Btructurtt: 

Itepsirs  of  track  and  structures (  S8,318.G(I 

Repairs  of  stations;   shops,   etc. 13.032.29 

Other  expenses    425.30 

Total     t  G1,T74.1S 

JfolntnuiiKw  of  S<iulpm»nt: 

Repairs    of    locomotives (  40,317.39 

Repairs  of  cars S3,039.E3 

TlMtalra  of  machinery  and  tools 1.730.T<I 

Other  expenses   11.847.72 

Total    .1  10<,93e.30 

Coudtictt»B  Tmntportatlon: 

Wages  of  conductors  and   guards t  99,343.gS 

WMeS  of  engineers  and  firemen 205,180.83 

Fud  for  locomotives 248,131,63 

(Ml    and    waste C,0S5.92 

Water    supply    12.EGI.3S 

Other  train  expeases  and  supplies I8.BtB.T3 

Wages  at  station  agents,  gatemen,  etc. . , .  158,331.71 

Station   suppltas    7,893.11 

Wages  of  tiogmeD,  switchmen,  etc 28.800.48 

Other  expeosea   67,225.84 

Total     ,t  S4I>,040.38 

General  Expaiuea: 

Salaries  of  officers  and   clerks |  32,24T.5E 

Oeneral  office  expenses  and  supplies 809.80 

Btatloitery  and  printing 8,746.(4 


16,GT4.0E 

a  property 91G.0S 

,_  j>  persona 14.434,74 

Telegraph  maintenance  and  operation.,..  1,198.89 

Other  «apensea   14,59G.5E 

Total     ,7  87,963.70 

Orand  total  operating  expense* 81.081,718.56 
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The  operatlns  expenMB  were  S6.BS%  of  the  grttaa  reoetptk 

There  were  t8.110,tT(  pooaencen  carried. 

There  were  60  lUtloiiB  In  the  1S.9I  mllea. 

There  wen  7(  locotnotlvea  and  2S0  care  to  operate  tbe  lt.*l 
mllea  of  elevated  road.  This  U  equivalent  to  about  t.E  locomotlvn 
and  IS.I  cara  per  mile  of  road,  there  belnc  about  t  cara  to  each 


In  EniHneering-ContTaeHKg,  Oct.  T,  1908,  the  coet  of  IE  mllea  of 
double  track  elevated  railway  built  on  Manhattan  Island  prior  to 
1880,  WB>  slv«n  aa  follows  per  mile: 

Poundatlona.      coluninB,      ■uperatmcture     and 

track    *»8,400 

Statlona    40.000 

e  locomotives,  at  14.001) 10.000 

li  cai^   at   tS,30a    If, 100 

Total     MD8.000 

It  will  t>e  noted  that  the  equipment  coat  nearly  fOO.OOO  per  mDe. 
If  the  locomoUvea  and  cara  coat  the  MJne  for  the  BrooUya  lines. 
It  Win  be  Been  that  the  cost  of  locomotive  repairs  was  1S%  o(  the 
Drat  coat,  for  that  Item  amounted  to  |G30  per  locomotive  during 
the  year  18i>S.  The  coat  of  caf  repairs  amounted  to  ttSO  per  car 
for  ISSS,  which  Is  about  T%  of  the  nrat  cost. 

Our  Oct  T.  1908.  Issue  gives  the  distribution  of  steel  In  the  tbtI- 
ous   parts  of    the   Brooklyn   elevated   raDways   Inillt   In    ISSI.   as 

Columns    ll.t 

Transverse    girders    !0.B 

Longitudinal   girders    (two  tracks) BT.O 

Station    platforms    6.0 

Bracing   S.O 

Total     100.9 

It  Is  also  slated  that  the  locomotives  welgtaed  4G.0D0  to  tCOOO  Iba, 
the  wheel  base  being  It  ft 

Cost  of  Foundations  of  the  Boaton  Elsvstad  Railway. — Ur.  George 
A.  Kimball  glvea  the  following  relative  to  foundations  for  the  Bos- 
ton Elevated  By.,  built  In  ISSS.  In  general  tbe  foundations  extend 
10  to  12  ft.  below  the  ground  surface,  to  provide  against  being 
undermined  by  subsequent  excavations  for  sewera,  tiulldlng  founda- 
tions, etc  They  are  built  ol  concrete  la  coursea  1  fL  thick,  stepped 
up  with  B-lD.  ofCsetB.  The  top  course  la  4  x  4  ft.,  and  supports  a 
caat-lron  pedestal  12  Ina  high  Co  receive  the  steel  post.  Most  of  tbe 
foundations  were  built  on  the  "coat  phia  a  f^rcentage  plan."  There 
were  1.13^  foundations  built,  half  M  a.  cost' of  }2GCl  each,  and  halt 
at  a  cost  of  (700  each  due  to  soft  ground  and  Interference  with 
underground  structures.  This  Includes  coat  of  pedestal  casting^ 
anchor  castings  and  anchor  bolts  which  cost  JBJ  per  foundation ; 
It  also  includes  cost  of  moving  underground  structures  which  aver- 
■red  tl8  per  foundation  pier.     The  average  foundation  cost  1480, 


r  lln.  rt.  of  double  lra»k 


'figant  design. 

Colt  or  Elevated  Railway  and  Subway,  Berlin,  Oerman/. — In  1901 
an  electric,  double  track  elevated  and  subway  railway  was  com- 
pleted In  Berlin,  Oennany.  The  motor  cars  each  have  two  4-wheet 
trucks,  with  axle  loads  ol  fA  tons,  axles  being  spaced  G.9,  lE.D, 
5.9  and  11.2  rt..  in  sequence.  The  nrelghta  o(  ateel  in  different  por- 
tlona  of  the  double  track  elevated  road  were : 

Span,   tt  Lbs.  per  lin.  ft. 

39.1      810 

49.2  <at  stations,  but  -.ot  Incl.  stations) 1.14.'i 

S4.1     940 

«8.9     I.JIO 

There  are  E.1B  miles  of  double  track  elevated  line  and  1. 22  miles 
of  subway.  There  are  10  stations  on  the  elevated  portion  and  3 
In  Iho  subway. 

The  main  power  plant  building  is  73  x  13!  ft.,  and  houses  3  com- 
pound engines,  each  developing  900  hp.  normally,  or  1,300  hp.  maxi- 
mum. Trains  are  run  on  2H  to  5  min.  headway,  at  a  maximum 
speed  of  30  miles  per  hour.  Elach  train  consists  of  3  cars  (each 
40  (t   long),  two  Of  which  are  motor  cars. 

The  coat  was: 


Power  house,  rolling  stock,  equipment 950,OnO 

Extras    ^.00.000 

Interest  during  construction SOU. 000 

Total     I6.«S0.000 

The  conMructlon  cost  of  14.400.000  was  distributed  thus: 

1.321  miles  double  track  subway,  at  tSGO.OOO ll.OuO.OOO 

5,1S4   miles  double  track  elevated,  at  MEO.ODO...    3,350,000 

S,3TG  mlleB    total 14,400.000 

There  were  about  13,000  tons  of  steel  used  In  Che  elevated  (in- 
cluding stations),  which  Is  eaulvaient  to  about  1.320  lbs.  per  lln.  ft, 
of  double  track  elevated.  The  contract  orlce  on  this  work  ranged 
from  3  to  4U.  cts.  per  lb.  erected. 

There  were  £,200  tons  of  steel  used  In  the  subway. 
Some  of  the  other  contract  prices  were: 

Concrete    in    subway S4  SO 

Brick  foundation  masonry S.26 

Arch  masonry T.86 

It  wilt  be  noted  that  the  power  house  and  equipment  coat  about 
15%  of  the  total  cost,  and  amount  to  about  flEO.OOO  per  mile  of 
double  track  railway. 
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coit  or  New  York  Subway  R«ek  Work.*— By  obaervAtloa  and 
through  the  aid  of  0.0  asalatant  I  have  secured  reliable  data,  relai- 
tng  to  every  Item  of  coat  on  several  typical  sections  al  the  Nevr 
York  Rapid  TranBlt  Ry.,  IncludlnB  excavation,  concrete,  eteel  con- 
struction, etc. ;  and  It  is  astonishing  to  And  how  high  the  labor  con 
of  the  work  has  been.  The  blBh  coBt  may  b«  attributed  to  seTcral 
cauaea  In  the  flrst  places  the  contractors  were  compelled  to  employ 
union  labor,  much  of  which  was  tnefllctenL  In  the  second  plaoc  the 
foremen  on  this  work  Were,  as  a  rule,  paid  such  snail  solartea  that 
the  best  class  ol  foremen  were  not  kept.  In  the  third  place  ezcavB- 
tlon  and  other  work  In  crowded  city  atreetA  la  obvlotialy  made  dilS- 
cult ;  the  BUpportlnK  of  pipes,  tracka.  etc..  addlne  greatly  to  tbs 
ooflt  In  certain  parts  of  the  city.  In  fact  In  the  lower  part  of  New 
Tork,  where  the  material  Is  all  sand.  I  have  found  that  50  cts.  per 
fu.  yd.  has  been  expended  In  atiorlns,  bratUng.  etc.  In  the  fourth 
place  the  light  hlaats  required  by  city  rules  leave  the  tough  mica 
schist  In  large  chunks  upon  which  much  labor  must  be  expended  Id 
gadding  and  aledglng ;  for  practically  all  the  rock  waa  broken  10 
one  or  two-man  size  so  that  it  could  be  hauled  away  In  dump 
wagons. 

The  work  that  I  am  about  to  describe  Involved  the  excavation  at 
about  125,000  cu.  yda  of  tough  mica  achlat  In  the,upper  part  of  the 
city,  where  the  streets  are  not  crowded  and  where  there  were  vary 
few  pipes  to  be  supported.  The  width  of  Iha  excavation  was  41  ft., 
and  the  depth  averaged  about  30  tt.  One  trolley  track  ran  along  the 
center  of  the  street  and  had  to  he  supported  the  entire  dlatance. 
This  track  supporting  was  accomplished  at  comparatively  sll^t  ts.- 
pense  by  using  some  ten  second-hand  rsllroad  bridge  trusses  of 
6S  n.  span,  which  were  moved  forward  oB  the  work  progressed 
Plve  cablewayH,  each  having  an  average  span  of  40O  ft.,  were  used 
for  holsling  the  rock  In  s^-rlghtlng  buckets,  which  were  dumped 
Into  patent  dump  wagona 

The  average  dally  force  employed  was  as  follows: 

Bate  per  day.        TotaL 

1  tortmen     »3.E0  t  14.00 

80  laborers     1.50  120.00 

10  drill    runners    2.7S  2T.60 

10  drill   helpers    1.50  16.00 

Z  blacksmiths     2,75  5.50 

2  blacksmlCliS'   helpers    1.50  3.Q0 

5  holsters     3.00  IJ.OO 


2  tlmbermen    2.00  4.00 

3  Waterboys    75  2,15 

20  teams ,.      4.50  30.00 

Total  per  B-hr,   d.ij- ,..  tlO!.S5 

•fiillelte-s  -Rock  KNoaviUlon."   n.   373. 


R.IIUrArS.  138-, 

Tlie  average  output  ot  this  force  was  only  ISO  cu.  yda  of  ro<-k 
IM  !■  day, 

— Cost  p«rcu.  yil.    - 

Wages  per        Average  ot  Beat 

S-hr,  shift         30  months.  month. 

Drill    runners    %2.1S                tO.lTt  tO.150 

Orlll  helHTB l.&u                    .100  .082 

BtacksDitthB    2.75                       .032  .02S 

BlacksntChB'     helpers     t.60                       .018  .012 

Compreuor   man    4.00                    .Olfi  .014 


Hofat  englnemen   3.00  .100  .O.'il 

CariMntera    3. GO  .008  .OOii 

TlnAermen    3.00  .024  .000 

Waterboys    o.TS  .012  ,010 

Laborers     1.50  .785  .74!; 

Foremen     3.50  .102  .0M5 

Teams    (with   drivers) 4.5U  .i>20  .SSI 

Total    wages    12.002  *1."7!" 

Cu.   yds.   excavated 125,000  T.«00 

To  the  foregoing  must  be  added  the  cost  of  fuel,  explosives,  main- 
tenance. Interest  and  depreciation  of  plant,  etc.,  as  follows: 

Cost  per  cu.  yd. 

1/SO   ton  coke,   at   J4,K0 lO.lBO 

O.S  lb.  40%  dynamite,  at  1214  cts 0.075 

%    exploder,    at    4    eta 0.020 

Ifflll  repairs  (est'd  at  50  cla  a  day  per  drill) . . .      ,094 

Installing  boiler  and  compressor 014 

Interest     and     depreciation      <S0%>      of      17,000 

boiler  and  compresgor  plant 028 

Ditto  for  fa.500  drilling  plant 014 

Total   supplies,   etc tO.335 

Add    total    wages 2.003 

Total    »2.S37 

To  this  sum  shotild  be  added  3  or  4%  (o  cover  general  expenses. 
ouch  as  office  rent,  bookkeeping,  nl^t  watchmen,  insurance  on  la- 
borers, etc..  which  would  bring  the  grand  total  to  nearly  t3.40  per 
en.  yd.  of  rock  excavated.  It  will  be  seen  by  the  description  ot  the 
work  and  by  the  comparatively  low  cost  of  tlmberwork  that  the 
expense  of  supporting  pipes  and  trncka  wns  unusually  low  tor  such 
a  city  as  New  York.  On  the  other  hand,  the  cost  of  drilling  was 
exceedingly  high,  being  28  cts.  per  cu.  yd,  for  wages  alone,  If  we 
Include  the  blacksmiths'  wages  and  half  the  wages  of  the  com- 
pressor man  and  his  fireman.  Tha  drills  siiould  bs  charged  with 
about  half  the  cost  of  the  fuel,  which  adds  7^  eta  more  per  cu.  yd., 
Tnaklng  3SH  cts.  per  cu.  yd.  for  drilling,  not  Including  some  3^  eta. 
for  drill  repairs  (estimated)  and  1%  cla  for  interest  and  depre- 
ciation. Adding  these  two  Items  we  have  a  total  of  40  cts.  per  cu, 
yd.  chargeable  to  drilling  alone,  which  Is  exceedingly  high  for  an 
open  cut  of  this  width  and  depth.  It  Is  a  striking  tact  that  each 
drill  broke  less  than  IS  cu.  vda  of  rock  per  S-hr.  day.  The  Ineffi- 
ciency of  the  laborers  la  also  well  shown  by  their  output  of  less 
than  2  cu.  yds.  per  man  per  8-hr.  day.     It  la  true  that  they  had  to 
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do  a  sreat  <l«al  of  saddlng.  sledgiiiK  and  hand  drilling  to  break  Um 
rock  reudy  to  load  into  butkeu ;  but  an^'one  who  SKW  the  men  al 
work  musL  iiave  been  Impiessed  witli  their  slowness.  The  ouipul 
of  only  30  cu.  yds.  per  day  per  cableway  sliows  how  Ihe  cabluVM)' 
output  was  limited  by  the  drllllns.     The  high  cost  of  hauling  Is  also 

While  It  was  difficult  to  get  union  laborers  to  do  a,  fair  day's 
work.  1  think  tiial  If  the  coiitiuctura  alone  the  subway  had  In  all 
cases  eraployei!  civil  or  mlnliifr  engineera  of  known  experience  in 
rock  excavallon.  a  areat  deal  uf  money  would  have  been  saved. 

Cost  of  New  York  Subway  Eirth work.'— This  Is  a  class  of  work 
exceedingly  cxpenBlve.  not  only  an  account  of  the  work  of  sup- 
porting  of  pipes,  buildings  and  car  tracks  but  beoausp  of  the  com- 
paratively small  gangs  that  must  be  worked.     This  not  only  runs  up 

men  employed,  many  bosses  are  exceedingly  inefficient.  While  Uie 
laborers  recfrlve  high  wages  (l.EO  for  S  hrs.).  It  will  be  noted  that 
the  foremen  are  paid  altogether  too  low  salaries  to  secure  the  best 
of  their  cluss,  A  good  superintendent  of  railway  excavation  tre~ 
qusntly  receives  t-'O  b.  month,  and  if  be  is  worth  anything,  he  Is 
worth  that.  On  extensive  excavation,  cheap  foremen  mean  dear 
work,  as  the  following  illustrates  quite  clearly: 

Case  I.  Uptown,  where  the  streets  were  not  congested.  Soft 
earth,  ploughe.l.  loaded  with  shovels  into  patent  dump  wagonK 
hauled  half  a,  mile  and  dumped  :  1.9  cu.  yds.  place  measure  per 
wagon  loail,  E^^cavatlon  55  ft.  wide,  in  the  street,  and  ultimately 
20  ft.  deep.  Snatch  teams  and  hoisting  engine  used  to  pull  loaded 
wagons  out  of  the  pit.  Delays  In  hauling  due  to  street  blockades. 
Numerous  pipes  and  conduits  to  be  supported,  necessitating  car- 
penters, plumbers,  cti-.  The  following  gives  the  cost  for  one  month's 
work.  Including  tearing  up  pavement; 

Ldborers    1,130  days  at  (I.ED  tI,£!IS.I)* 

Tc.tms,    hauling   and   plowing E^Odaysat    4.E0  2,UVM 

Snatch  team>i 30  days  at    5.00  160.00 

Caipenters    ISOdaysat    1,50  4K<l.0fl 

I'lnginemsn      t2daysat    2,75  SO.OO 

Fireman     22dayBa[    2.00  44.00 

ICngineman    (night)    Z2daysat    2,00  14.00 

Superintendent    100.00 

Foremen    69  days  at   8,00  177.80 

Two  timekeepers  and  load  checkers 1S5.0O 

Til  I  ee  watchmen    TSdaysat    l.BO  117.00 

I'lumbers,    caulkers,    etc IM.OO 

Total  for  6,400  cu.  yds.  at  S8  eta. f5,CI2.0« 

The  foregoing  cost  was  at  the  beginning  of  the  Work,  end  under 
whut  might  lie  regarded  as  favorable  conditions.  The  following 
gives  the  general  average  of  several  Jobs  at  a  later  period,  and  may 
ba  token  as  being  under,  rather  than  over  the  actual  cost,  because 
all  timber  work  and  incidentals  are  probably  not  Included: 

•Gillette's  "Elirthwork  and  tts  Cost,"  p.  ITS. 


Labor  excavalinK  and  superintendence tO.SO 

TeaniinK    0.10 

Materl^B  and   auppllea O.OA 

Labor  on  bracing  and  sheeting O.OS 

Haterials  for   bruclng  and   sheeting 6.0T 

Labor  on  bridges  and  barricades O.Ol 

Materials  (or  bridges  and  barricades •,01 

Labor  (or  pumping  and  draining 0,02 

Materials  for  pumping  and  draining O,0l 

Labor  on  enefnes ,  0.04 

Fuel  for  engbies 0,01 

Total     11.23 

Hatdlng  away  In  ocows O.SZ 

Orand  totaj   11.55 

A  charge  of  60  cts.  per  wagon  load,  which  was  equivalent  to 
3J  cts.  per  cu.  yd.  (as  above  recorded),  was  made  for  i«niovlntr  llie 
earth  from  the  water  front  on  scows. 

.  The  subcontractor's  prices  for  this  eartiiwork  averaged  about  {: 
per  cu,  yd.  On  some  Bectiona  as  high  as  f2.E0  per  CU.  yd.  was  paid, 
and  In  those  sections  tlie  contractors  found  thnt  it  coat  them  J3E 
per  lln.  ft,  of  street  to  keep  the  car  trades  In  shape,  due  lajgely, 
however,  to  poor  methods  of  management. 

On  downtown  work,  where  the  streets  were  not  entirely  torn  up, 
but  were  kept  plunked  o(er  so  as  not  to  Interfere  with  trafflc.  the 
cost  of  earth  excavation  was  13.65  per  cu.  yd.  (See  the  following 
paragraphs.) 

Itsmlzad  Cost  to  the  Contnctors  or  the  New  York  Subwsy  for 
Earth  and  Rock  Excavation,  Bracing,  Concrete,  Waterproofing  and 
Steel  Work.-— In  view  of  the  fnct  that  the  City  of  New  York  will 
doubtless  coosltTict  scores  of  miles  of  subways  for  rapid  transit,  any 
data  of  actual  -coat  of  construction  will  be  of  great  value  to  con- 
tractors and  subcontractors  who  may  bid  upon  subway  work  In  the 
future.  Then,  too.  other  large  cities  will  surely  be  forced  to  build 
subways  similar  to  thosv  in  New  York  and  Boston. 

We  have  secured  complete  Itemized  records  of  the  actual  cost  of 
labor  and  materials  required  to  build  several  sections  of  the  subway 
In  New  York  Clt>'.  and  these  records  are  now  published  for  the 
first  time. 

We  shall  first  give  the  metliods  and  costs  of  building  a  half-mile 
■ectlon  from  the  Post  Otflce  to  the  Battery.  The  excavation 
«ork  was  not  done  by  the  "cut  and  cover  method" ;  that  it 
to  say,  a  trench  was  not  dug  In  the  street  and  left  entirely  open,  as 
was  the  practice  on  nearly  all  subway  work  between  the  years  190: 
and  190<.  So  much  of  a  hue  and  cry  had  been  raised  against  t>|e 
open-cut  method  that  when  the  contract  for  the  Brooklyn  Extension 
was  drawn,  the  contractors  were  required  to  keep  the  streets  con- 
linuously  open  for  tragic,  except  at  night  time. 

*Bnsineerl«ff-Cos(rac(InB,  Feb..  ISO*. 
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To  mNt  thia  requirement  the  contraoton  devtaed  the  tMowiag 
method  of  operation:  In  the  nl^l  time  a,  atiort  Bectlon  at  the 
street  pavement  iraa  removed,  Btrlnxers  were  laid  down,  and  a  plank 
roadway  was  laid  upon  the  slrlngers.  Then  the  excavation  whs 
proceeded  with,  underneath  thin  plank  roadway.  In  order  to  make 
the  excavation,  small  shafts  were  sunk  througti  the  sidewalk  at  In- 
lervals  of  about  a  quarter  of  a  mile.  Through  tbeac  Aatts  all 
excavated  materials  were  removed  and  all  conMrucUOD  materials 


Fig-    10- — Excavation,    New   TorH    Subway. 

At  each  shaft  a  temporary  brldi|:e  was  built  (Fig.  10)  spanning 
the  street,  and  upon  this  bridge  were  mounted  the  derricks  and 
hoisting  engines.  Bach  overhead  bridga  consisted  of  a  &:!  X  60  ti. 
wooden  platform  carried  by  I  beams,  [he  whole  supported  by  well- 
braced  timber  trestles  set  upon  each  curb  line,  as  shown  belotv. 
Bnoh  platform  carried  two  stlfl-leg  derricks  svt  opposite  each  otlicr. 
also  a  holstlnfc  engine  and  a  spoil-bin  with  cliutes.  The  derricks 
we're  operated  during  the  dnytlme  by  compressed  air.  but  at  nlfht 
liie  necessary  power  was  supplied  by  a  vertical  boiler  on  one  plal- 
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ware  removed  at  each  end  of  the  platform  and  Ehallow  excavations 
made  In  wlilch  trenches  were  dug.  Liongltudlnal  Z4-ln.  I  beunia 
were  placed  In  each  trench  and  blocked  up  on  the  trench  botton). 
The  pavInK  between  the  trenches  wbh  then  taken  up  and  a  layer  uf 
earth  removed  to  make  room  for  the  tfmljer  platform.  Thia  was 
composed  of  B-ln.  I  beams,  spread  Tf,  ft.  apart,  with  their  ends 
rcsllnR  on  the  girders.  On  this  was  placed  a-ln.  roadway  planking. 
All  this  work  was  done  at  night  and  tn  such  short  sections  that 
the  street  could  be  restored  before  daylight. 

After  the  flrat  section  of  platform  had  been  built,  a  shaft  S  ft. 
square  was  sunk  through  the  west  sidewalk  to  a  depth  of  10  ft. 
From  this  shaft  the  upper  part  of  the  excavation  was  tunneleii 
under  the  platform,  the  longlCuillnal  girders  being  supported  by 
posting  down  as  the  work  progresBed  Similar  posts  and  blocking 
were  placed  under  Che  street  railway.  When  sufflcl^nt  headway 
had  been  secured,  shafts  E  ft.  square  were  sunk  to  the  subgrade 
of  the  subway.  A  portion  of  the  concrete  floor  of  the  subway  was 
built  in  the  bottoms  of  these  shafts  and  a  post  erected  to  carry  the 
Kirdera  The  temporary  blocking  under  the  railway  conduits  was 
then  removed  and  replaced  by  saddle  beams  strung  from  the 
girders. 

An  alternative  method  for  carrying  the  tracks  and  street  surface 
was  used  where  the  excavation  was  obstructed  by  pipes  and  con- 
dulta  Surface  platforms  were  buUt  on  each  side  of  tlie  street  be- 
tween the  curb  and  the  nearest  street  i-allway  conduit.  A  hiteral 
drift  was  then  carried  under  the  conduit  and  a,  nePtlle  beam  In- 
serted. These  beams,  which  were  blocked  up  against  the  conduit, 
carried  on  Ihelr  outer  ends  longitudinal  I  beams  which  supported 
die  Inner  edges  of  the  surface  platforms.  The  other  edge  of  these 
platforms  rested  on  'he  I  benm  girders  supported  by  the  tilocktng  In 
the  trenches  at  the  curbs,  After  the  earth  between  the  drlfta  was 
removed,  the  needle  beam  shores  were  reinforced  by  Jacks  resting 
on  continuous  longitudinal  sills.  The  poBlF'  were  then  set  in  shafts 
and  replaced  the  Jackscrewa  nnd  blocking, 

AH  of  the  excavated  material  was  taken  to  the  shafts  and  hoisted 
by  the  derricks  to  the  overhead  platform,  where  It  remained  until 
discharged  through  the  chutes  Into  wagons  on  the  street  below,  Thi- 
eicavatlon  was  done  by  pick  and  shovel,  cars  being  used  to  trans- 
port the  material  to  the  nearest  shaft.  These  cars  were  either 
pushed  by  the  laborers  or  drawn  by  a  mule.  The  excavated  ma- 
terial was  sand,  for  the  most  part,  very  easy  to  dig.  Indeed,  much 
of  the  sand  was  used   for  concrete. 

In  the  following  tabulntion  !s  given  the  actual  unit  coat  to  the 
contractor  of  the  constnicllon  nf  a  section  about  one-half  mile  lont; 
of  the  Brooklyn  Extension  of  the  Rapid  Transit  subway  of  Kcw 
Tork  City.     The  period  covered  by  these  costs  extends  over  six  een 
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Bartu  Excavation. 

(112,288  cu.   yds.) 


....11.61 


Muiterials  and  plant 

Power    u,vi 

Dump  ehargea  t«fl  cIs.  pit  load) 0.26 

Total  unit   cost »2.19 

Grand   totnl  coat 

Bracinff  and  Sheeling: 

Labor    »0.78 

HaCerlniB  and   plant 0.37 

Total    unit    coat |1.15 

Grand    total   cost 

Pumping  and  Drainage: 

Labor     10.01 

Haterlats  und   plani 0.01 

Power    0.01 

Total   unit   cost (O.OJ 

Grand   total   cost 

BridgtB  and  Barricades; 

I^bor    10.10 

Materials  and   plant 0.14 

Total    unit    cost 10.24 

Grand   total   coat 

BaekfilUKg: 

Labor    (O.OI      I 

Grand  total,  earth  excavation |3.e2 

Hock  e:xcavatiok. 

Labor    J2.35      : 

Materials  and   plant Z.SG 

Power     0.40 

Total  unit  cost IB.Tl 

Grand    total    cost 

(Foundation  Concrete.   S,827  cu,  yda) 

Labor,    mIxinK    tO.ES 

Labor,    placing    0.58 

Materials  aniT  plum 0.92 

Cement,  sand,    stone,  etc 3.4S 

Total    unit   t-ost .M^ 


3S.S90 
27.'934 


4I.216 

lZg.GB2 
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ind  Proleetion  Concrete: 


L.aJ>or.  mixing  . . . . 
Labor.  pLaclQK  -  -  -  - 
Labor,    setting   (om 


Stkel  Wobk. 

(Steel,  1.S33  tons;   cast-iron,   171   to 

Labor,  trucking   tO.S( 

Liftbor,   placine    S.li 

liabor.    riveting    2.T( 

I^bor.  palming   0.71 


t  cost 115.16 


Brick   BACiciNa. 
(l.OH  cu.  yds.) 


..18.56      t     g.SST 


IiATlKQ  Ducts. 
3.4S3   lln.   ri.   single  duct.) 


..10.01      t     1.4  J5 


Qrand   total  unit  c 


OS.OTI  sq.  yds.  slnitle  ply.) 

I^bor    lO.OB 

UaterlaJs  and  plant 0.10 


W  ATEElPltOOFl  NO. 

(Brirk  In  asphalt  1,337  ci 
lAateriaia  and  pUiit 


1&.3G1 
>  !3.gOB 
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The  folIowlnK  ta.Me  glvei  a,  iumiiiary  of  the  total  costs  front 
August,  1903,  CO  January  i,  1305,  of  conatnictlng  this  section.  Ir 
the  preceding  table  no  unit  coHta  are  given  on  the  work  of  under- 
pinning  buildings,  blocking,  moving  and  relaying  mains.  BUHKirtlnR 
Irackfk  paving,  itatlon  worK.  track  woric  In  tOnnel  and  construction 
of  a  cross  passage  In  Dey  street.  The  net  totals  of  these,  however, 
are  figured  In  with  the  other  totals  In  the  summary : 

SultMABI. 

Labor    (J43.268.1S 

Muterials    and    plants 232.TS3.3a 

Dump  charges  (i6.55S  loads  at  SO  cts.),,..      27.S33.fiO, 

Power  (coal  and  electricity) 1.S73.9B 

I-abor  charged  to  sewers 2.803.80 

Total  coat  (not  Incl.  cost  or  atecl  and  Iron) , 1711,102.58 

This  Is  for  half  a  mile  of  double  track  line. 

During  the  exeavatlor  the  contractor  sold  12,924  cu.  yds.  of  sand 
at  SO  ct8.  per  cu,  yd.,  and  1.6Z0  cu.  yds.  rubble  stone  at  tl.OO  per 
cu.  yd.  Deducting  this  total  of  $8,082  fron\  the  total  cost  of  the 
work  we  have  (703.020.58  ns  the  net  cost  of  the  work,  exclusive  of 
the  cost  of  the  steel  in  posts  and  beams.  The  cost  of  track  and 
ballast  la  not  Included,  but  that  Is  readily  estimated. 

It  will  be  noticed  that  In  the  tables  giving  the  unit  costs  of  Che 

subway  cunatructlon  one  of  the  main   Items  la   (or  materials  and 

plant.     In  the  following  tabulation  are  shown  the  principal  Items 

and  their  coat  which  composed  materials  and  plants: 

Materials  and  Plants. 

Earth  Excavation.' 

Total. 

Smnii    tools,    etc I  529 

Illumination,   etc    3,119 

Baiiers,  total  210  hp 2.600 

37    1   cu.   yd.   buckets 2,200 

11    BtlR    leg    derricks 2,7G0 

20    flat   cars    400 

4,000  Un.  ft  rail  ii-am 306 

2    Rand    drills 680 

2  Dako  engines "00 

3  Lldgerwood  engines 1.680 

3  electric  hoists.   "Mnlne' 3, 'BO 

1    electric   holat,    "I.ldgerwood" 1,600 

106  M.  ft.  yellow  pine  lumber  nt  nS 4,165 

209  tons  ftcel  beama.  In  worklns  platforma 10.4TO 

Miscellaneous    6S0 

Total     $3S,BS0 

4  Hajid  rock  drills t  1,200 

1    i-Mgerwoo(l  engine 660 

#-leg  derrick *B0 


760    Iba.    dynam 

Small    tools;   etc IJU 

Total     S  2,364 


B^ac^ne  and  ShBeting: 
2  Rand  drille  (wllhoul  at,)  (or  drlvlns  si 
24  Hydraulic  Jacks,   1.2S4   loiw  fapaclty 
1,436  M.  ft.  yellow  pine  tumbvr    "     " 
Small  tools,   etc 


shMtlmi.l     soa 


Total    

Pumping  and  Drainage; 
S    Worthlngton    pumps 


Bridges  and  Barricades. 

60T  H.  ft.  yellon-  pine  lumber 

Small    toolH,   etc 

Tolul    

Vnderptimtng  Bulldingt  anil  Vault*: 
1,S23  cu.  yds.  rubble  atone 


le  M.* 


yds.  aaphalt  felt. , 


Tolal     

Roof  and  Side  Arch  and  Proteetlan  Concrete 

3.S4!  cu.   yds.   sand 

4,S96    cu.    yds.    gravel 

g.l)9&  bblB.  Portland  cement. 

Z&  M.  (t.  yelloT    ■-— — 

371    M.    brick. 
Small    tools,   « 


Brick  Backing- 

J4  cu.  yds.  sand   

ISO  bbls.   Portland  cement.. 
81  ML  hollow  tile  brick 


Duct  Laifing: 

e,000  sq,   yd«.   burlap 

1SS.483  lln.    ft.    single  ducts. 

276  bbla    Portland   cemei 


Total    

Wattrproofinp,  Brick  Laid  in  Asphalt: 

se»    M.    brick 

401   tans  maatic  aspbaltum 

Small    tools,    etc 
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Waterprooflng: 

112,'8S  m.   yds.   aspliaU   lelt 15.075 

Zt.&Zl    sallons   asphalt 4,389 

Small  lOolB,  etc 23T 

Total    t  9,703 

Placinff  and  Riveting  Steel  Work: 

3  "LidBErwood"   engiDts    t   1,120 

i  air  compressors  ajid  recelverR 1,400 

1  liand  power  derrick  50 

1   pneumatic   drill    125 

4  riveting  BUna    SOO 

Small    tools,    etc 763 

Total    I  S.958 

Painting  Sleel; 

,17»  EtiUons  cerlon  paint t  J7« 

Brushes    and    scrapers 39 


BuppoTtlng  Tracks: 
Sand,  stone  and  cement S      301 

68   M.    brick 474 

20  liydraullc  Jacks,   1,060  tons  capnctly J,412 

Total     t  4,IS4 

Bloct,  Jfoulnff  and  Relaying  Jfalns: 

199  M.  fl.   yellow  pine  lumber  at  125 t  4,9SE 

2  hand  cJerrlijUs   100 

1  porlablB  derrick,  with  boiler  and  engine 1,000 

Pipe     28,186 

Qales,  valves  and  lead 1.S71 

Small   tools,   etc 1.SH9 

Tolal     I3S.S1 1 

Grand  total  tor  plant  and  materials 1232,723 

"W'e  note  that  the  cost  oC  placing  and  rlvellng  eteel  Is  givi-n. 
but  nothlne  is  said  as  to  Uie  cost  of  the  steel  Itself.  The  price 
o(  steel  delivered  in  New  York,  ready  tor  ert^tlon.  may  be 
estimated  at  2%  cts.  per  lb.,  or  J50  per  ton.  As  there  were  1.53^ 
tons  ot  steel,  the  total  cost  ot  the  steel  was  S76,fiB0.  In  addition, 
there  were  171  tons  of  castings,  which,  at  140  per  ton  would  amaunc 
to  (6,840 ;  and  there  were  1.014  cu.  yds.  of  brick  backing,  the 
bricks  for  which  would  cost  about  %H  per  cu.  j-d..  or  (14,200.  Th.- 
Eutn  of  these  three  Items  Is  t!j~.690  to  be  added  to  the  |711,1D2 
above  given,  making  a  total  of  nearly  tSlo.POO  for  the  section 
under  consideration — halt  a  mile  of  double  track  subway. 

It  will  be  Bi^en  tliat  the  tul!  flrst-cost  ot  the  plant  has  been 
charged  up  against  the  various  Jtema  Tlie  cost  of  renewals  of 
wornout  par(s  was  not  obtainable,  so  that  the  only  sntlsfactorj' 
method  of  estimating  plant  charges  consisted  In  Including  the  tull 
cost  ot  the  plant. 

In  some  Items,  as  In  Rock  Excavation,  the  cost  of  plant  Is 
aHoBethcr  too  hl^h,  due  to  the  fact  that  an  expensive  plant  Is 
chargpd  up  against  a  small  amount  ot  work. 
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It  will  be  noteil  that  the  pumping  Item  was  very  small:  so  also 
Is  "backfllllDB."  because  rooK  o(  the  excavated  material  wis  hauled 
away.  Tha  backllll  was  S  fi.  deep  over  the  subway  roof.  All  the 
excavated  material  not  used  (or  concrete  or  masonry,  wa3  hauled 
away  In  wagons  to  the  docks,  the  haul  being  very  short  (about 
%  mile)  to  the  docks  where  the  material  waa  dumped  Into  scows 
and  luLuled  to  sea.  The  charge  made  (or  hauling  to  sea  In  scows 
("dump  charges")  was  GO  eta  per  WB«on  load,  and  about  1%  cu. 
yds.  of  earth  conBlItuted  a  load. 

The  total  cost  of  earth  excavation  was  t3.«2  per  i-u.  yd.,  which 
■ecme  very  high.  However,  the  conditions  must  ba  considered,  and 
among  other  tilings  It  must  be  remembered  Chat  [ha  cnst  of  nup- 
portlng  numeroua  water  pipes  and  gas  pipes  la  included.  The 
I  26  ft.  deep,  and  S4  ft,  wide  along  the  line  between 

The  cost  of  power  charged  to  the  various  Items  Includes  only 
the  fuel  and  electricity  consumed.  Electricity  was  paid  for  at  4 
CIS.  per  kw.-hour. 

All  steel  waa  painted  with  one  cout  of  tiirbon  paint ;  and  all 
steel  not  lml>edded  In  concrete  received.  In  addition,  a  cnut  of  white 
lead  painL 

of  slnsle  ply ;  but   the  waterprooUng  wns  actually   laid   2    to   3   ply 
thick. 

r'or  the  sake  of  comparison,  we  shall  next  give  a  siimmai-y  at 
the  costs  of  earth  excav^itlon  on  two  sections  In  the  lower  pan  of 
New  York  City,  where  the  0|icn  cut  method  of  excavation  was 
used.  The  rates  of  wages  were  ;iractlca1]y  the  same  as  In  (he 
table  on  page  33;  but  tho  work  was  done  between  the  years  ISOZ 
and  1»CH.  The  excavollon  W;is  wider,  being  for  a  four  triuk  road. 
and  cableways  were  largely  used  for  dellVfrlng  the  materials  from 
the  trench  Into  wagons.  Some  derricks  were  also  useil  for  this 
purpose.  The  streets  were  rot  alwiiys  opened  their  full  width, 
which  necessitated  a  good  deal  of  mining  under  the  paiemenls  and 
car  tracka  The  coats  of  excavation  by  thla  open-cut  method  were 
as  follows  on  two  sections  which  are  dpelgnalp.l  as  Contrail  A  and 


Labor  and  teaming 

Plant  (all  of  first  cost) 

Dump  charges,  at  60  cts.  per  load   of 

m  cu.  yds. 

Labor  and  bracing  and  sheeting 

Lumt>er  tor  bracing  and  shpeilng 

Pumping  and  draining 

Labor  on  bridgen  and  barricades 

I.,umber  (or  bridges  ami  barricades, 

Labor,    backfllllng 

Total  per  cu.  yd 
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,  In  «ach  CUM.  mM  enough  aand  from  the  «i- 

e  the  COM  or  eicsvatlan  about  IB  ctM.  iier  cu.  yd., 
leuvlns  a  net  eo«  o(  |a.l2  for  Contract  A,  and  |1.S8  for  Con- 
tract B.  The  sale  of  Chle  fiand  also  reduced  the  dump  charges.  whk4i 
would  otherwise  have  been  16  cUl  per  cu.  yd.,  instead  of  IS  to  1* 
cts.  Had  all  Che  material  been  hauled  to  sea,  the  dump  diarsFf 
would  have  added  about  18  cts.  per  cu.  yd.,  maklns  a  coat  of  tlAt 
(or  Contract  A.  and  tZ.21  tor  Contract  B.  It  should  be  noted,  how- 
ever, that  the  full  amount  of  the  flrsC-con  of  the  plant  wns  charsed 
ugnlnBt  the  excavation.  The  Item  of  backfllllDg  Is  not  larse  becauae 
so  small  an  amount  of  excavated  material  was  replaced. 

The  lumber  for  hrsclng  and  aheetlng  was  about  half  q>ruce. 
at  120  per  M..  and  halt  yellow  pine,  at  |!E  per  M. 

The  labor  and  teeming  Includes  all  wage*  and  salarlt^ 
The  rosi    of   erecting,    riveting  and   painting  the  steel   work  waa 
$1S  per  tun  on  Contract  A.  and  tlS'TG  on  Contract  B. 

The  rout  lOf  labor  In  making  the  concrete  waa  aa  follows : 
Concrete  foundations: 

Contract  Contract 
A.  B. 

Labor,    mixine 10.97        W.94 

Labor,    pluclng Q.M  0.«a 

Power   O.H  O.lfi 

Total    12.07  t!.Oi 

Concrete.  Roof  and  Sides; 

Labor,    mixinfc t0.7!>  t^.9\ 

Liibor.    placing. .    O.So  0.91 

Labor,    setting    forms 2.01  1.20 

L.ibor,   plastering  archc.'' O.IS  0.23 

Total      14.09  tl.il 

It  will  be  noted  that  these  concrete  labor  costs  are  very  high, 
and  lndic;ite  poor  munagemeni. 

As  to  the  cost  of  rock  eicavetton,  wo  may  say  that  It  should  not 
exceed  the  coal  of  earth  excavation  by  more  than  (1  per  cu.  yd. 
at  the  outside.  Indeed,  on  one  section  of  the  subway  Involving 
the  excavation  of  ISE.OOO  cu.  yds.,  the  rock  excavation  cost  ^2.40 
per  cu.  yd.,  but  this  did  not  Include  the  flrat  cost  of  the  plant. 
In  Qlllette's  "RocI:  Excavation,"  page  2T3  et  seq.,  the  actual  cost 
of  this  rock  work  Is  given  In  great  detail     (See  page  1S84.) 

With  the  unit  costs  now  available,  anr  contractor  can  make  a 
sate  ealimute  of  the  cost  of  any  future  subway  work  In  New  York 
City.  It  the  subway  Is  built  wider  or  narrower,  (he  yardage  will  be 
altered,  but  the  cost  per  cubic  yard  will  not  vary  much.  We  are 
confident  that  few  contractors  or  engineers  would  have  looked  for 
such  high  unit  costs  as  are  above  given,  and  we  sre  equally  confident 
that  wllh  bettor  management  the  costs  could  have  been  materially 
reduced.  However,  It  la  a  (act  and  not  a  theory  that  confronta 
us.  and  wp  have  given  Che  facts  to  the  best  of  our  ability. 

In  (he  summary  given  above,  the  total  cost  of  the  labor  from 
Auguat.   190J.   to  January   1.   ISOt,  Is  given  aa  |44«,07LT3.      It  will 


be  of  intereat  lo  show  how  this  coat  wan  dlstrlbutHl.  and  accord- 
ingly &  table  giving  the  rate  oC  wages  per  eight-hour  day,  tlie  time 
In  days,  and  the  total  amount  of  wages  la  appended  In  Table  XXV. 

Taslk  XXV.— Ratb  or  Waom  and  Tiub. 

Rate.  Time.        Amount. 

CIvU  engineers sunn  ^co      >      a  ■ma  ni. 

ABolnant  civil  englneei,. 

Superintendents    

DraughtBmen 

Tlmeiceepers     

Clerka     

Machinists   

Engineers    


Night  Watchmen.'.' 
laborer    loremen . . 


laborers    

Engine    holstmen 

Steam    drillers 

Steam  drillers'  helpers. . 
Nl  Pliers 


BlacliBmiths'    helpers. . 

Rigger   foremen 

Riggers     

Carpenter    foremen.... 
Carpenters  

Pipe    foremen!!!!!"'.!! 

Plpemen   

CaullierH     

Iron    foremen 


Trucks  and  learns 

Pipe    superintendents. . 
Tow  horses  and  mules. 

Plumbers    

Plumbers'    helpers 


!   tovind   In  the 
next  paragraph. 

prices  at  Contractors'  Tools,  Machines  and  Supplies.  New  York.* 
— In    estimating  the   coat  of  contractors'    plants  on    the   New  York 

•BnirineerfnB-ContracHiid,  July  IR,  190S. 
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subway  construclton,  tho  engineers  carefully  obtPined  quotuUODS 
on  every  kind  ot  tool,  machine,  etc.,  In  use.  Although  these  quota- 
tions were  secured  In  1902,  they  are  tolerably  close  to  present  prices 
In    New    York   City,    and    may    prove   useful    I 


Air  compressor  and  receive 

Air  hose.    Un.   tt 

Anvil.   200  lbs.  at  8^   cts.. 

Asphall,    gallon 

Asplialt    felt,    sq.    yd 

Asphalt  hentlnB  hettlo 

Asphaltum.     ton 


mplnE. . 
[    Wtter 


Block  and  fall  outfit. . 
Block,  double  wooden. 
Boiler.   60  hp. 


Car,  flat 

Car.   steel   dump 

Cement,   Portland.   bbL 

Chain,    lb 

Chisel    

Derrick,    hand   power 

Derrick,  portable,  with  boiler  and  engine -, 

Derrick,    atlft-leg ^^S'SI 

Drift  pin! !  i  ^  i !  i !!"!!!!"!!!!  i !!! ! 

Drill,    liand 


Drill,  ^nd  rock 

Drill.   Rand,   without   attachments. 

Drill.    twiBt 

Duct, jrin(tl€t^  Un.  ft. ^ 


125.01 


and  c 


double  drum  and   SO 


^''P-  ' 


trie  hoist.  Lidgerwood  double  drum  and  10 

■    — otor  and  controller 1,600.01 

Duke" »»"  1' 

Lldserwood.   double  drum 

blacksmith's 


Furnace,  with  pota  and  ladtea 

Felt,  asphalt,  sq.  yd. 

GriDdatone 

Hacksaw  frame 

Hammer,    aledee 

Hammer,    slriklng 

Hod,   mortar 

Hooe.   air,   lln.   ft. 

Hose,  nibtoer,  1  la.,  lln.  « 

Hooks,  center 

Jack,  hydraulic,   7   ton 

Jack,  hydraulic,   46   ton IS!. 61 

Jack,  hydraulic,  60  ton 17S.71 

Jack,  hydraulic,  100  ton Z60.0( 

I.ead,    \b.'. '.'.'.'.'.'.'.'.'.'.'.'.'. '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'. '.'.'.'. 

Level,  hand  spirit 

UondrelB.    set 

Mop     

Oiled  Buks 

Palls,   t>alvanlzed   Iron 

Paint,   cerlon,  gal 

Pick     

Pump,  Lawrence  4-ln..  with  Crocker-Wheeler 

7  ¥i  hp.  motor  and  starter aau.ui 

Pump.  Worthlngton,  S  in.  ■  S%  In.  x  fl  In ITO.Oi 

Pump.  Worthln^cn,  6  In.  x  5%  in.  x  t  In ISO.Oi 

Pump,  No.  i  EMIsou  diaphragm 22.G1 

Pump,   steam   syphon 20.0( 

Rail.  tram,  ton IS  a: 

Rammer,    concrete 

Ratchet     1 

Riveting    doll'les!  ]' l'.'.\"\'.' \ '.'.''. '.\'.' '.'.'.'.'.'.'. 

RivellnE    "Buns."    pneumatic 12 

Bope.  Manila,  lb 

Hope,  steel,  1  VJ   In.,  lln,  (I 

Rope,   with   hooks 

Rubber    boots 

SantI    screen 

Scraper      (waterproofing) 

Shovel      

Smoothing    iron 

Steel    beams,    ton K 

Stocks  and  dies,   set 

Timlier    dollies!  '.'.['.'.'.I'.W'.'.'.WW'.'.'.'.'.'.'.'^W'. 

Timber    truck 2 

Torches,    banjo 

Turnbuckles     

Vise,    pipe 

Wheelbarrow^   steel 

Wreni-h     

Wrench,    chain 2 

Wrench,    monkey 

Wrench.    Stillson 

CMt  of  Excavating  and   Bracing  a  Subway,  Long   Ish 
Brooklyn.*— The  work  coierpd  by  our  cost  records  was  a 

•Bnffineerlnii-Contracting,  July  11,  190*. 
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2.600  ft  long,  and  occupied  Uie 


dlviilan  1,  Atlantic  aveni 

year    1903,    January    to    December    < 

□pen  cut,  and  ^e  material  encountered  was  sand  and  sravel  con- 

talnEns  a  considerable  number  of  onall  boulders.     The  digging  w&b 

not  dlfncult  and  was  till  done  with  pluka  and  shovels. 

Two  (racks  of  the  l<ong  Islatid  R.  R.  occupied  the  center  of 
Atlantic  avenue.  One  of  these  tracks  was  shlftfsi  to  the  side  of 
the  street,  but  the  other  was  left  In  place  as  a  service  track  for 
the  din  trains.  Trains  of  flat  tars  were  run  onto  the  sei^lce  track, 
and  the  enrth  was  shoveled  from  both  sides  into  [he  cars  until  A 
level  about  3  ft.  below  the  rails  was  reached.  The  oervlce  track 
was  then  lifted  Into  one  of  the  side  culs,  and  the  center  core  was 
Hhoveleil  ir.  The  encavalion  was  then  carried  down  on  the  other 
El<)e  of  the  track  to  3  ft.  below  the  rails,  as  before.  The  track  was 
next  shifted  to  the  opposite  side  of  the  cut.  and  a  third  cut  of  3 
ft.  was  taken  out.     This  method  was  pursued  until  the  ua^k  had 


icached  a  deptb  of  16V4  ft.,  as  showi 
cut  then  being  ABCD  (Fig.   11). 

The   next    step   was   to  drive    2-in. 
tI'"iE,    11).     The   two   braces   X 
cKarance    of    9    ft.,    which    was    n 
A  cable  Wiis  therefore  used  to  huu 

Th<>    nest    step    was   to   eicavat 
CDtill     lij    shoveling   1 


In  Fig.  11.  the  shape  of  the 

iheeting  to  depths  P  and  O 
Y   were   then   set,   leaving   a 

•.n\.   to   pass   locomotlveB. 

ahead  to  the  locomotive. 
ABEF   and 


sutHi 


After 


side 


B  shifted,  first  lo  one  side,  then  to  the  other. 
and  the  se'-tion  FKJH  was  ejoavated.  The  sheetina  was  then 
driven  by  pile  drivers  to  the  points  M  and  N.  and  the  brace  Z 
WIS  rliced  In  like  manner  the  excavation  proceeded  until  the 
full  section  of  the  subway  was  obtained,  about  35  fL  wide  end  27  ft. 


The 


%  10  braces  shown  in  Pig.  12  were  spaced  IB  (t  opart 
iidiniilly.  and,  in  view  of  the  great  length  of  the  braces,  angle 
bracing  was  used,  consisting  of  short  timbers  laid  horiiontally 
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and  dlaKOiially  from  the  aid*  oC  each  ctobs  brace  to  the  mlddl*  ot 
the  ranger.     These  angle  braces  wore  about  H   ft.   long. 

The  railroad  company  provided  the  cam  and  hauled  Che  earth 
about  12  mllcB  away,  fumiahlng  train  crews.  The  cODtractor  main- 
tained and  shifted  the  tracks,  loaded  the  earth  onto  the  cars,  and 
did  all  the  bracing.  The  following  costs  were  the  costs  to  the 
contractor,  and  do  not  Include  the  coat  of  hauling  the  material  away. 
The  contractor  complained  at  the  poor  train  oervlce  fumlslied  by 
the  company,  and  the  high  coat  of  excavating  beara  out  his  claim 
of  poor  service.  On  the  other  hand,  the  railroad  company  Is 
credited  by  outsldera  with  having  given  a  "fair  service."  In  any 
case,  work  done  In  this  manner  Is  nearly  always  subject  to  more  or 
less  delay  In  getting  empty  cars  faat  enough. 

As  above  stated,  the  length  of  subway  covered  by  our  coat 
records  waa  about  2,SDa  ft.,  averaging  about  30  cu.  yda  per  lineal 
foot     A  total  of  7d,000  cu.  yda  were  excavated  in  the  year  1D03, 


cu.  yd.  for  loading  the 
■lieeting  and  bracing,  i 
excavation  by  months  « 


I.     This   does  not   include   the  cost  of 

win  be  given  later.     The  cost  of  the 
■  follows: 


January    

BXCATATION. 

Amount    Labor  tn 
cu.  yd.         daya 

;::  !:5SS      !:!!5 
;:-.'K!    .!:ISS 

Pay-roll. 
>B8 

;os3 

tsi.iss 

Cob 

t\ 
a 

0 
0 

8 

0 
0 

1 

July     

::'.  siosB      i:i27 

December  . . . 
Total     .... 

...    B.9BS            1.898 
...T4.S91          2(l,S0e 

I40-2                  HAXDBOOK   OF  COST  DATA. 
Vha  coBt  of  labor  sheetlDs  and  bracing  was  aa  follows: 

tJHlETINa     AND     BftAClND. 

LaUir  eoct  per 

days.  Pay-roIL  cu.  yd. 

January     507  t   1,093  »0.23 

February     182  1,091  O.ZT 

March     827  I,7«S  O.IS 

April     874  1,869  0.35 

May    782  1,859  0.42 

Juno    860  1,999  O.SB 

July    1.006  2,361  0,69 

AuBUBt     812  1,894  O.SS 

Septenib«r      700  1,613  0.20 

October    SOO  1.831  0.18 

November    644  1.510  0.18 


Total     9,809  J20,64B         10.27  V4 

It  Will  be  seen  that  the  average  vages  paid  tor  aheetlnf;  and 
bracing  were  |2.13  per  day.  As  above  given,  the  labor  cost  o( 
excavaUng  was  42  cts.  per  cu.  yd.,  to  which  must  be  added  the 
27^  cCb.  per  cu.  yd.  spent  tor  labor  on  sheeting  and  bracing,  maltlnit 
a  total  of  69  \4  cts. 

The  amount  ot  timber  used  In  sheeting  and  bracing  the  work  don* 
In  190S  and  1903  was  as  toUows: 


rt  B.  M.  angles  and 

Between  stations.                             sheeting.  uprlgtiia 

143    and    115 248,320  498.440 

115    and   112 14.740  14,030 

101    and      92 57.320  115.520 

87    and      91 17.820  9.620 

Total    338,200         647,610 

This  makes  a  grand  total  ot  985.81 0,ft.  B.  M.,  or  7.94  ft.  B.  M. 

per  cu.   yd,  of  excavation,  or  263  tt.  B.  M.  per  lln.  ft.  of  llnlHtaed 

subway,  3,700  ft  long. 

From  these  data  It  fs  apparent  that  practically  all  the  timber  was 

left   In -place  until  the  completion  ot  this  section   of  the  subway. 

It  IS  also  apparent  that  the  yardage  of  earth  excavated  In  1902  and 

1903   was   about    124,300   cu,   yds.      It   should  be   borne   In   mind. 

however,    that    the   labor    costs   above    given    for   excavation    and 

bracing  Include  only  the  work  done  In  1903.    The  labor  ot  sheeting 

and  bracing  for  the  two  years  was  a>  follows: 

Tear.  Labor  days.  Pay-rolL 

1903 9.609  S20.S4B 

1902 4,290  9,870 

Total 13,899  |30,41S 

FYom  this  It  appears  that  'he  labor  cosia  ot  framing  and  placing 
the  985,810  ft.  B.  M.  was  130.80  per  M„  and  that  each  man  averaged 
inly  71  tt.  B.  M.  per  day.     This  Is  a  very  high  cost  for  such  work. 
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Since  the  timber  Itself  must  have  cost  approximately  130  per  M. 
,d*llvered  on  the  work,  we  have  the  followlitB  catlinate  of  the  total 
cost  of  excavating: 

Labor  loading  cara to*! 

liaboT  sheeting  and  bracing n,2TA 

7.94  fL  B.  M.  timber  at  3  eta 0.24 

Total     $0,93"^ 

Of  eourac,  much  of  the  timber  would  poaseas  some  natvage  value 
after  complellng  the  work. 

The  cost  of  hauling  the  material   away   In  cars  and  dumping  la 
not  Qvallabic. 

The  coat  of  the  concrete  work  was  ae  tollowa: 

Bbl*.  cement 

Proportions  by  parts.  per  cu.  yd. 

Cement.         Sand.  Gravel,  Broken  stone.        conrrete. 


1  3  l!i  Hi  1.04 

It  Is  Interesting  to  note  that  In  mixing  many  thousand  yards 
of  1:3  :S  concrete,  It  look  l.m  bbls.  cement  when  mixed  In  the 
gravity  mixer,  as  rompared  with  1.14  bbla.  for  the  batch  mixer. 
Indfcallftg  a  leas  perfect  mixture  In  the  gravity  mixer. 

Of  the  "1  to  8"  concrete,  about  13,S80  cu.  yds.  were  placed  during 
the  year  of  1903,  months  of  January  to  November  Inrluxlve.  and  90 
per  cent  of  tbla  waa  mixed  with  gravity  mivera. 

Of  the  "1  to  6''  concrete,  0,320  cu,  yds.  were  placed,  of  which 
85  per  cent  was  mixed  with  gravity  mixers.  The  remainder,  In 
both  cases,  was  mlieil  In  a  "batch  mixer." 

The  average  size  of  a  lialch  in  a  gravity  mixer  was  0.48  gu,  yd., 
and   the  siie   of   batch    in    the   "batch    mixer"    averaged  about   0,57 

cu.  yd. 

There  were  16,940  cu.  yds,  mixed  In  gravity  mixers,  requirlngr 
2.860  days"  labor  mixing  and  4,000  days  placing  the  concrete. 
Wages  were  $1.50  a  day,  and  the  cost  waa  26  els.  per  cu.  yd.  for 
mixing  and  33  eta.  for  placing,  making  a  total  of  59  eta.  per 
cu.  yd. 

During  the  month  of  August,  when  2,800  cu.  yds.  were  mixed. 
the  coat  was  aa  low  as  24  cts,  for  mixing  plus  22  ct».  (or  placing. 
making  a  total  of  40  cts.  per  cu.  yd,  for  mixing  and  placing.  Tiio 
gravity  mixer  averaged  about  113  cu.  yds,  per  day,  with  a  enng  of 
19  men  mixins  and  26  men  placing  concrete. 

With  the  "batch  mixer,"  which  averaged  about  0.57  cu.  yd.  of 
concrete  per  batch,  there  were  mixed   2.360  ru.  yds.      This  required 
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970  days  of  laborerB  mUlng  and  740  dim  plaelng,  at  a  coM  of  fi* 
ct&  per  cu.  yd.  for  mixing  plus  iS  eta.  lor  pladas,  maklns  a.  total 

of  tl,04  per  cu.  yd.  tor  mixing  and  placing. 

Duiins  tbe  month  of  June  the  coat  was  as  low  as  40  cts.  (or 
mixltiK  and  30  ct8.  for  placing,  or  a  total  ol  TO  eta.  per  cu.  yd.. 
waK^H  belnK  (1.50  per  day.  The  average  gB.ng  was  14  men  mixing 
and  11  men  placing  thG  conticte.  and  the  avera.ge  output  wes  oniy 
35  cu.  yds.  per  duy  actually  worked. 

Even  during  the  month  of  June,  when  the  best  record  was  made, 
the  output  nns  only  52  cu.  yds.  per  day  actually  worked.  This 
Indicates  very  poor  management.  We  refrain,  therefore,  from  giving 
the  name  ot  Ihe  -batch  mixer,-  to  which  an  injustice  would  be  done 
if    Its    efllciency    nere    rated    according    to    this    particularly    poor 

Of  iwurse.  In  the  preceding  discussion  ot  Ihe  Itemlied  labor  cost 
of  mixing  and  placing:,  the  Item  of  "mixing"  Includes  all  tlie 
work  Involved  In  delivering  the  materials  to  the  mixer;  wblla 
"placing"  Includes  hauling  the  concrete  away  from  the  mixer. 

In  delivering  the  materials  to  the  gravity  mtxer  a  Robins  belt 
conveyor  was  used,  which  accounts  in  large  measure  (Or  tbe  lowvr 
coat  of  mixing  with  the  gravity  mixer. 

Tlie  concrete  was  hauled  away  from  the  mixers  In  dump  cara 
pushed  along  a  track  by  men.  The  track  was  laid  on  top  of  the 
braces  that  supported  the  sides  of  the  excevatfon.  We  are  unable 
to  find  out  why  the  conveying  of  the  concrete  from  the  batch  mixer 
coat  80  much  more  than  from  the  gravity  mixer,  _ 

The  (oragolng  costs  reloto  to  work  done  In  HOg.  Danng'  llie 
year  1B04,  30,000  cu.  yds.  were  mixed  In  the  190  daya  worked  by 
the  gravity  miser  gangs;  the  average  number  of  men  mixing  being 
IS,  and  the  number  of  men  placing  being  26. 

The  coat  was  as  follows : 

eta.  per  ctL  yd. 

2. 960  days  labor  mixing.  t4.S70 14 

4.780  days  labor  placing,   tT.300 3( 

Total      00 

During  the  best  month,  the  labor  cost  was  IG  eta  for  mixing 
and  29  cts.  foi  placing,  or  a  total  of  4&  cts.  per  cu.  yd. 

During  the  same  year  of  lOOi,  the  batch  mixer  worked  ls3  daya, 
averaging  Ji>  cu.  yds.  per  day.  The  average  sixe  of  each  batob 
was  0.44  cu.  yd.    The  labor  cost  of  1,000  cu.  yds.  was  as  loUowa: 

eta.  per  cu.  jd. 

1,910  days  mixing,   13,1TB 45 

1.710   dilys  placing,    (2,660 3S 

Total      83 

It  Will  bo  noted  that  In  1904  the  cost  of  placing  was  practically 
the  same  as  with  the  gravity  mixer,  and  thai  the  average  gang  on 
the  batch  mixer  was  II  men  mixing  and  11  man  placing. 

Thus  far  we  have  not  considered  the  coat  of  the  labor  on  the 
forms,   ivlilch   was  a   large  item.     For  the  total   10.300  cu.    yds.   of 
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concrete  plac^  In  19*3  there  were  expended  I16,SOO  for  labor  on 
the  (ormi,  which  )■  equivalent  to  ST  cIb,  per  cu.  yd.  of  concrele. 
The  toUl  number  of  days'  labor  on  the  tovme  wes  i.3t0,  at  an 
averaKe  ot  tZ.TO  per  day.  If  we  add  tlife  ST  ctB.  per  cu.  yd.  tor 
labor  on  formH  to  the  5S  cts.  for  mixing  and  plaping.  we 
have  a  total  of  Jl.lO  per  cu.  yd,  chargeable  to  labor  on  the  con- 
crete In  this  subway,  where  a  gravity  mixer  was  used.  This  Is 
considerably  below  the  cost  of  similar  work  on  the  New  York 
subway. 

As  to  the  amount  of  lumber  In  Che  forma  and  thi>  Interest  and 
depiTClatlon  of  the  plant,  we  have  no  reuord.  Nor  have  we  a  record 
ot  the  fuel  consumed. 

Cost  ot  Cable  Railways  in  Cltlas.— In  Falrchlld's  "Street  Rail- 
ways" (1S92).  the  following  Is  given  as  an  estimate  of  the  cost  of  a 
double  track  cable  line,  based  upon  actual  cost  of  same  six  lines. 
The  line  Is  3  miles  long. 

of  double 

Power  Hovte  and  Plant:                                            Total.  track. 

UphI  iBlHt.' t   10.000  t     3.333 

House.  111(1  X  ITS 25,000  8.333 

Two  engines  and  foundation 23.000  T,«67 

Boilers  and  settings H,000  4,867 

Brick  smokestack  l.'i  ft.  dlam.  x  100  fl.) 5.00O  1,867 

Tension  cars  and  tracks 3.S0O  S33 

HeatPrK,  pumps,  flttlnga,  etc 3.000  1.000 

Total  power  house  and  plant $  S2.iOO     (  27,500 

General  Street  Coiwtnirtlon; 

19.S0O  cu.  yds.  trench  exi^nvatlon  at  tO.TJ J  ll.S^n     %     4.9S0 

2.TR5.0DO  lbs.  cast  yokes  (JSO  lbs.  eu.)  lit  I0.UI5..  41.;)8il  13.EG0 

SSO  carrying  sheaves  »l  ta.7'> 3.300  l.lOd 

1.056.000  lbs.  slot  rulls   (f.O.lh.)   at  10.023 2S,400  8,800 

1. 185. 000  lbs  tnick  mils   (filMD.)  at  10.(1225 28.512  9,604 

1G4.00D  Iba.  cast  Iron  niunliole  covers  and  frames 

at    »0,0i;5 2.69B  818 

10.000  cu.  yds.  .■oniTel"  HI  IS, 30 So. 000  28.333 

1B,840  lln.  ft.  of  double  tr.ick  hiylng  nl  II.OO 1.VS40  5.!Bft 

22.200  sq.  yds.  granite  block  paving  at  {3.00 60.600  22,301} 

Sewer  connections 9,000  3.000 

32,130  ft,  wire- cable  at  (0,33 10,619  3,510 

Total  general  street  construction J304.336  »10I,4fl5 

Special  Street  ConslrucKon  ,- 

Main  vault  at  engine  houKo  and  nxturos I  S.OOO  T     3.667 

Two  end  vaults  with  fixtures 5,000  1,667 

SpeclaJ  street  sheaves  for  summits  of  grades I,.'i00  500 

Two    grip    awllrhes 2.500  833 

Two   eoHch   switches 1. 000  333 

One  crossing 1,500  500 

180  dcgs,  of  double  tracked  curve 9.000  S.OOO 

Total  special  street  construction t  28,S00  t      9,G0O 

Rolling  Stock: 

15  fn-lp  cars  and  grip  at  tl.DOO {  15.000  f      5,000 

i;   coaches  at   11.200 18,000  0,000 

Total    rolling   stock t   33,01)0     t  11.000 

Grand  total 14S,39G        149.465 
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With  a.  c&ble  speed  of  S  mllu  per  hr.  for  lt>A  bra.,  and  train* 
on  4  mInK  headway,  eacb  train  would  make  110  mllea  per  day;  and 
16  trains  would  make  l.tSO  train  mliea,  or  t.3D0  car  miles  per  day. 

Tha  dally  operating  enpense  would  be: 

Total  per  day. 

Depreciation   of  cable %  SB.OO 

Repalro,  track  and  buildings iM 

Repairs,  engines  and  line  machinery 2.00 

Repairs,  grip  and  cars 7.00 

House,  track  and  cable  exi»enBes 6.00 

Power  and  car  house  service 28.0D 

G€  grip  men  and  conductors  at  tZ.OO 1S2.0D 

B14  tons  (2,240  Iba)   coal  at  |!.60 1S.T5 

Water,  oil  and  greaBe '. S.26 

Injury  to  persons  and  property 7.B0 

Licenses  and  taxes T.OO 

Oeneral  and  miscellaneous  expense 23.00 

Total    tZ?e.OO 

It  la  cl?ar  that  Mr.  FalrehlW*  data  on  repairs  of  track.  buUdlngs; 
and  engines  are  founded  on  too  brief  a  term  of  years  to  be  of  any 
value,  for  they  total  only  IS  per  day  on  an  Investment  of  182,000 
for  power  plant  and  tSS.OOO  of  rails  alone.  This  expense  of  12.920 
per  year  (tS  per  day)  Is  not  2%%  on  the  buildings,  power  plant 
and  rails — a  manifest  absurdity. 

It  will  be  noted  that  the  t3S  dally  depreciation  of  the  cable  Is 
tlSpTTa  per  year  on  a.  cable  whose  first  cost  is  110,619.  This  la 
equh-alenl  to  a  lite  of  about  10  months.  Mr.  Falrchlld  states  that 
the  usual  diameter  of  cables  Is  1%  to  m  Ins-  A  l^-ln.  rope 
has  a  tensile  strength  ot  BO  tons,  and  weighs  2  ^  lbs.  per  f(.  The 
average  Ufa  of  ropes  ol  the  beat  design,  he  says,  has  been  12% 
mos.,  with  an  average  service  of  SB.tOO  miles.  The  general  average 
for  (he  country  has  been  about  S  moa.  with  mileage  ranging  from 
40.000  to  l&O.OOO. 

Cost  of  Constructing  and  Operating  Cable  Rys.,  Kansas  Clty.^ 
Hi.  D.  Bontecou  gives  the  following  relative  to  the  cost  of  con- 
struction and  operation  of  a  cable  railway  In  Kansas  City.  The 
road  was  tlnlshed  In  1BB»,  It  FOmprlses  8.64  miles  of  double  track 
line,  which  Is  equivalent  to  17,08  miles  of  single  track.  It  was 
operated  ns  four  distinct  lines,  with  cables  14,200.  29,500  and 
31,000  ft.  long  respectively,  driven  frran  one  power  bouse,  and  a 
fourth  cable  18,900  ft.  long  driven  from  a  second  power  house. 
The  cable  speeds  were  T.8.  9.9.  9.9  and  10.3  miles  per  hr.  No 
grades  exceeded  10%.  The  rope  was  l^-ln.  dlam.,  carried  on 
12-ln.  pulleys.  In  a  conduit  afi  Ina  deep. 


cost  at  constr 

RAILH 
ctlon  was  as 

.irs. 

Total. 

",lilt 

G42,S20 
276.075 
159.0B2 

ijoloos 

'S0:760 
83!017 

Per  nlle 

UnderBround 

obBtructlonB . 

'  ;?■?!? 

Equipment   

,?■!!! 

ToUl    (1,905,989      »323,i»(l 

The  equipment  comprised  99  combination  care,  of  which  SI 
were  In  constatii  servtce.  The  comblnntlon  car  contained  the  grijt, 
seats  for  40  people,  and  weighed  11,000  lbs.  It  ran  on  two  4-wheel 
trucks,  wtlh    22-'ln.   wheels. 

Ttie  machinery  In  the  main  power  house  consisted  of  three  20O 
lip.  boilers  and  simple  n  on -con  den  sing  eneines.  The  machinery  In 
the  branch  power  house  consisted  of  two  175  hp.  boilers  and 
eneln^s.  The  total  engine  friction  was  64  tip,,  tlie  total  resistance 
of  all  cables  when  no  cars  were  on  the  line  was  345  hp,.  and  car 
rexlstance  166  hp.  due  to  61  loai3ed  cars,  or  2. 72  hp.  per  car. 
About  SO  hp.  was  used  to  supply  electric  lluhl,  etc.  Total  B4I  tip- 
to  which  add.  say  34  hp.  for  banking  tires,  etc.,  giving  a  Brand  total 
average  of  STfi  hp.  developed  by  two  engines  (one  38  x  4S-1n,  and 
one  32  x  4S-ln.  simple  non. condensing!  nt  the  main  power  house. 
The  coal  (soft)  contained  18^  nsh.  and  Us  cost  was  ti  per  ton 
(2,000  lbs.}.  The  consumption  was  11,86  Iba.  per  car  mile  (com- 
bination car),  or  2.1  per  ton-mile. 

For  the  fiscal  year  o(  1892.  the  operating  t'xpense  was  as  follows: 
Total. 

1.  Car  sen'lce  and  expense t  7.1,31^ 

2.  Injuries  to  persons  and  property 6,087 

3.  Secret  service 629 

4.  Repairs,    cars 4,862 

E.  Car  house  service  and  expense 9,620 

9.  Maintenance,  track  and  bulldlns 8,429 

7.  Motive  power: 

Fuel    $17,407 

Water    1.157 

Oil    and    grease 1.041 

Ehiglne   house   service 7,786 

Repairs,    machinery 2(8 

Bnglno  bouse  expense 299     ' 

TCopes     S9.381 

Rope    service 3,066 

Repairs  of  grlpa 1,789 

Total   motive   power t  (2.194 

8.  Taxes    4,696 

9.  Q«neral  and  miscellaneous 26,610 

Orand  total  (13,8  rts.  per  car  mile) 11^.5.242 

Total  car   ("combination")   mUeage •. .   1.416. 866 

Passengers    carried 5.316.410 

Average  number  cars  run  dally 81 
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The  ropcB  lajiMd  from  G  moo.  on  tbe  Aort  main  line  to  H  maa. 
on  Uie  branch  line;  the  llle  of  the  four  ropes  averaging  aa  follows: 
ZO.OOD',   95.000;   eS.OOO.  and  130,000  milea  reapecUvely. 

Since   the  Una   had   been    In   oparation  only   4    yeara,   the   coal  ol 
car    repaira,    maoliinei-y    repalra    and    track    raalntenanco    was    ob- 
vloualy  fur  below  what  a  normal  long  period  coat  would  be. 
The  operating  uost  was  13.8  cts.  per  car  mile. 

Coat  of  a  Cabia    Railway   In    an    Eastern  City. — Mr.  D.  Bontecou 
givea  the  coat  of  a  double  track  cable  line  In  an  Eaatem  city.  &f 
lollowa:    Tbe  line  was  3M  miles  long,  almost  straight,  with  IS.OOO 
(t.  of  cable,  and  driven  by  a.  300-hp.  compound,  condenainc  enxlne. 
Per  mile 
of  double 
Total.       track. 

1.  Real     Cittute %  S7.005     |  :!,0:7 

i.  Underground    olistructlonB 44.500  IE.2tl 

3.  Substructure  and  track ZEZ.SSO  73.0IO 

4.  Pavlna;     8S.0OO  2e.»lS 

6.   Power  huuse  and  ruult 103.03:1  33.811 

5.  Machinery    and    plunt SS.E«3  21.513 

T.   Equipment    (SS    cars) 85.950  28.ZI1 

8.  Rope     10,391  3.113 

9.  Patents    8.000  S.tiS 

10.  Interest   during  conalructlon 22,136  7,!B4 

11.  Engineering,    legal    and    mlscellaneoue     10.848  G.GIG 

Total     ?:30,8T2      t239.«30 

Life  of  Cables  and  Coat  of  Operating  CabIa  Railways,  Chicago. — 
LHirIng  the  year  189S,  the  average  lite  Of  9  different  uablea,  uaed  on 
Chicago  street  cable  rallwaya.  waa  76,000  miles;  but  the  hfe  ranged 
from  41.000  rollea  to  120,000  mllea  per  cable.  The  roads  were  level 
and  n-IIh  few  cunea,  which  accounta  for  the  long  lite.  Cables  aver- 
aged 22,000  ft.  long. 

The  cost  of  operation  of  cable  and  of  electric  lines  In  Chirag-i 
In  1S!>S  wasaafollowa: 

CtB.  Per  Car  Mile. 
Cable.         Electric. 

Transportation    4.637  5.731 

Uulntenance  of  Way  tuMI  bldxs...         1.563  1.8S9 

Power 1.092  l.OOfi 

General   expenses    2. 608  2.493 

Maintenance   equipment    1.116  1.811 

Total.  ctE.  per  car  mile...        1D.S1E  13.929 

Car  miles 11,678,020     13,663,180 

Use  of  trail  cars  on  the  cable  accounts  for  lower  transportation 

Labor  Cost  Of  Brickwork  In  Vauite  of  a  Cable  Railway.i—Thi^ 
work  was  done  In  1802  In  connection  with  the  Third  Arenue  cable 
tonal  rut' t Ion  In  New  York  City.  The  work  was  dons  by  a  SQb- 
contrnc-inr.  nhu  fuinlalieil  the  masons  only,  all  tlie  other  labor  and 

'HitffinrerlHg-CoHtrarHn'j.  Sept.  ."i.  ]9{I6. 
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materlEUs  belnff  (umlBhed  bjr  tlie  general  contractor  tor  the  Third 
Avenue  cable  construction.  The  laborers  asHlgned  to  the  sub- 
contractor were  directly  under  the  charge  of  the  masons,  althougli 
the  general  contractor'i  foretnen  on  adjacent  work  gave  some  at- 
tention to  (hem. 

The  EUb-contractor  was  paid  at  the  rate  of  15  per  1,000  brick  laJd 
on  all  work  except  pulley  vaults.  For  these  lie  received  18  per 
1,000  brick  laid  lor  single  vaults  and  flO  tor  1. 000  brick  laid  for 
double  vaults,  these  prices  Including  cost  of  setting  Iron  covers  aa 
the  vaults.  Twenty-one  bricks  were  flKured  as  making  one  cubic 
toot. 

Th0  masons  were  paid  at  the  rate  of  BO  cts.  per  hour  and  they 
worked  8  hours  per  day.  The  roranian  nicelved  62^  cts.  per  hour 
and  vurkeit  the  wime  length  of  time  as  the  masons.  Laborers  were 
paid  Jl.eS  per  lO-hour  day,  the  eiLtra  2  hours  being  spent  In  setting 
the  materials  ready,  screeiilns  sand,  mixing  mortar,  etc  During 
July  and  August  there  waa  no  regular  torenuji,  the  work  being 
looked  atter  by  the  sub-contractor.  The  latter,  however,  did  not 
perform  the  usual  duties  of  a  foreman,  au  the  work  was  spread 
over  a  Kretch  of  two  mllas,  with  additional  work  at  Elith  street  and 
Harlem.  In  the  aummarles,  where  the  sub-contractor  really  acted 
aa  torsouui  on  the  difterent  works,  these  works  are  charged  lore- 
man   hours  for   the  time   actuaUy   v«nt  upon   tbam   by   the   sub- 


Several  causea  tended  somewhat  to  tncreaM  Um  cost  ot  the  brick- 
laying, the  main  causes  being  as  follows :  An  unnecessarily  exacting 
Inspection:  a  frequent  scarcity  of  brick,  or  such  as  the  Inspector 
would  allow  to  be  used,  this  scarcity  of  brick  being  primarily  due 
to  a  brtekmakers'  strBce;  the  Huctuatlng  quantities  of  work  on 
hand,  diw  mainly  to  the  slow  arrival  of  Iron  for  the  cable  railway, 
and  to  loterferencee  by  the  auiface  cara  Then,  too.  the  cost  of 
common  labor  was  high  for  that  time  (1892),  due  partly  to  the  fact 
that  the  work  was  located  In  Ihe  most  crowded  part  of  New  York 
City.    The  entra  labor  was  required  tor  rehsndllng  materials 

The  force  account  was  carefully  kept  and  the  amount  done  each 
day  was  carefully  measured  by  one  of  the  engineers  In  the  employ 
of  the  general  contractor.  The  masontf  time  In  the  force  account 
)■  the  actual  time  paid  tor  by  the  sub-contractor  and  Includes  the 
tlroo  went  In  moving  from  one  piece  of  work  to  another,  but  does  not 
Include  time  spent  In  waiting  tor  bHck  or  lost  during  showera  The 
laborer  Ume  Includes  all  labor  connected  with  bricklaying  after  the 
brick  were  dumped  by  the  brick  companies  and  the  cement  (In 
barrels)  delivered  by  the  general  contractor  near  the  mixing  box. 
There  were,  however,  occasional  Iranstera  by  the  laborers  of  brick, 
cement  and  sand  from  one  part  of  the  work  to  another,  this  transfer 
being  caused  by  a  local  scarcity  of  materials. 

The  bricks  used  were  mostly  "Up  River"  brtcks,  measuring  8  in.  x 
31*  In  X  214  In-'.  "1*  ^"^  ^"'"  ^"^  ^^^  '°'"^  from  Umg  Island. 
and  the  cement  was  White's  English  Portland.  An  average  ot  HI 
bricks  were  used  per  barrel  of  cement 
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Puusi  ViTji-ia, 

Pulley  vaults  were  placed  for  every  35  fL  of  track.  TbeM  vaolta 
were  to  permit  the  dIIIiib  and  repalrtSK  o(  the  pulleys  Of  the  cabl« 
road.  The  single  pulley  vaults  were  placed  outside  of  the  track,  bui 
the  double  pulley  vaults  were  placed  between  tracks  wherever  the 
tracks  were  the  standard  dlstaoce  (ID  ft.  {i  In.},  center  to  center. 
The  alDKle  pulley  vaults  were  constructed  principally  In  the  upper 
part  of  the  Bowery,  where  a  double  vault  could  not  be  put  In.  Tb« 
average  hetghi  of  both  types  of  vaults  was  4H  ft.  The  stngle 
vaults  each  contained  about  40.1  cu.  ft  of  brIckL  work,  or  841  hiicka. 
and  the  double  vaults  each  contained  about  41.7  cu.  ft.  of  brick  work, 
or  l.OO:  brtcka  About  ^  af  the  vaults  had  extra  brick  work  for 
sewer  connections.  In  building  the  vaults  the  coat  of  the  maaon 
work  was  necessarily  large  owing  to  cramped  apace  In  which  to 
work,  and  owing  to  the  fact  that  considerable  time  was  lost  In  moT- 
Ins  from  one  vault  to  another.  There  were  generally  three  laborera 
to  one  mason.  It  will  be  remembered  that  the  contract  price  for 
single  pulley  vaults  was  }S  for  the  mason  work  and  |10  for  the 
mason  work  for  the  double  pulley  vaults,  the  general  contractor 
furnishing  the  materials.  These  prices  Include  setting  the  iron 
cover.  To  do  this  last  piece  of  work  took  one  roason  and  three  labor- 
ers one  hour  each,  making  the  cost  |1  per  cover.  The  average 
labor  cost  of  the  brick  work  was  |7.77  per  cu.  yd.,  divided  up  as 
follows.     Masons,  11.02;   laborers,  (3.76. 


Per  cu.  ft.     Per  M  brick. 

Haaon    fO.lG  |7.0S 

Laborers  (mixers,  helpers,   tenders)       0.14  fi.O 

Total     (0.19  I1S.71 

The  average  number  of  bricks  laid  per  mason  per  hour  waa  SS. 
but  during  the  best  month  the  average  was  80,  and  on  the  best  day 
it  was  lOfi.    The  average  number  ot  brick  per  laborer  hour  was  IE. 

Bfecial  Puxjjt  Vaults. 

These  vaults  were  constructed  near  the  lower  trarnlnus  of  the  line 
and  wt-re  designed  for  the  special  iron  work  and  pulleys  required  to 
operate  the  change  from  fast  to  slow  t«bles.  The  average  hel^t 
of  the  vaults  waa  5  ft,  their  length  wae  10  ft.  and  aU  walls  were 
154  ft.  thick. 

The  work  was  done  In  December,  10  days  being  reciulred  (or  Ita 
completion.  In  tliat  time  1,070  cu.  (L  of  brick  work  were  buUt. 
taking  22,4SS  brick.  The  wages  of  the  masons  amounted  to  tllZ.Sl 
and  the  laborers'  cost  waa  (82.42.  The  average  number  of  brick 
laid  per  mason  hour  waa  12J  ;    the  average  number  per  laborer 
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;ublc    toot   of   brick    and    per    M   of  brick    was  as 

Per  cu.  ft.  Per  M. 
JO. 105  IB.Oi 


The  labor  eost  per  cubic  yard  o(  brick  work  waa  tl'91. 
Thibo  Cable  VACLnl. 

These  vaults  were  tor  manholes  to  giva  access  to  the  pulley  scar- 
rylng  ths  third  cable  around  the  special  Iron  work  on  Park  Row. 
The  vaults  had  an  Inside  length  of  t%  ft.,  and  a.  width  of  3^  ft. 
All  of  the  walls  were  1  ft  Chick. 

The  work  on  thpse  vaults  was  done  In  December.  T  days  being 
required  to  complete  the  brick  work.  In  tliat  time  418  cu.  ft.  of 
brick  work  was  bulll,  requiring  the  placing  of  8,778  bricks.  The 
total  cost  of  the  maHons  wbh  f43.1S.  and  the  laborers  cost  t42,E5. 
The  averase  number  of  brick  laid  per  mason  hour  was  12S;  the 
avera^  per  laborer  hour  was  34. 

The  cost  per  cubic  foot  of  brick  work  and  per  M  brick  was  as 

Per  cu.  ft.      Per  M, 

10.103  14.91 

0.102  4.89 

Total      (0.20B  |9.82 

The  labor  cost  of  ths  brick  work  per  cubic  yard  was  t5.B3. 
PosTOFPicv  Whbil  Vault. 

This  vault  was  constructed  at  the  lower  terminus  of  the  line  and 
was  deslsned  for  the  slieaves  around  which  the  cables  pass.  The 
work  on  the  vault  was  done  entirely  under  ground,  the  top  being 
covered  with  6-ln.  i  12-ln.  yellow  plna  timber  to  accommodate  the 
street  trafflc  Kerosene  lamps  furnished  the  light  to  work  by,  extra 
labor  being  required  to  attend  to  the  lamps.  Two  blowers,  operated 
by  two  laborers,  were  used  to  keep  the  nlr  fresh.  However,  exces- 
sively hot  weather  with  InsulUclent  ventilation  had  a  serious  effect 
Upon  the  cost  of  the  work.  As  there  was  no  regular  foreman  In 
charge  of  the  masons  considerable  loafing  resulted,  and  the  cost  was 
consequently  Increased.  In  the  construction  of  the  arches  of  the 
vaults,  the  space  between  them  and  the  roofing  was  so  small  that 
the  masons  were  almost  compelled  to  assume  a  prostrate  position. 

The  height  of  the  vault  was  S  ft. ;  the  Inside  dimensions  were  I»  ft. 
X  46  ft  The  walls  of  the  main  vault  were  1%  ft.  thick.  In  addition, 
another  vault  29  ft  long  hy  t%  ft  wide  was  built  against  the  wall 
of  the  main  vault.  This  vault  had  walls  1  ft.  thick.  The  arches 
across  the  main  vault  were  19%  ft  long,  were  1  ft  thick,  and  had 
a  3-ft  span  and  a.  3-ln.  rise. 
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Ther*  were  2.812  cu.  ft.  of  main  walls  tulH  in  27  days  (July  and 
August)-  and  l\K  cast  was: 

Per  lu.  n.       Per  U. 

Mflnn    fO.lSe  *<.48 


Ldborer 


fO.SlC  tIG.Ot 


The  masons  averaged  8(1  bricks  per  Tir..  but  the  mBxImiun  was  1 
bricks. 

There  were   Iti   cu.    ft.   of  arches   built   In   7   days,   and   the  co 


Per  cu.  ft.        P«r  H. 
10.109  I  E.lg 


Total    J0.291  (13.81 

The  masons  averagM]  111  bricks  ver  hr..  but  tbe  maximum  was 
117.     Lisborers  averaced  1»  bricks  per  hr. 

Cost  of  B  Cablo  Rsilwsy  for  Freight  Cars. — Ur.  Edward  FTad 
gives  the  tollowlnE  cost  of  a  short  Inclined  cable  railway  built  In 
18B1  in  St.  Louis,  for  the  murose  of  taking  firlgln  cars  (Z  at  n 
time)  up  a  8%  grade  to  a  brewery,  2.00O  ft.  distant  from  the  main 
steam  railway  track.  The  rise  Is  9E  ft  Switch  tracks  at  both  ends 
were  of  Si-lb.  rails,  but  the  cable  rnilway  track  had  gS-lb.  rails. 
The  rails  rested  on  cast-iron  yokes.  GOO  lbs.  each.  »<4  ft.  c  to  c. 
The  slot  rail  was  a.  Z-rall.  nelKblng  G3  lbs.  per  yd.  The  conduit  wbk 
made  of  1 :  21i  :  5  Portland  cement  contrete. 

Cost  of  Conduit  Cabue  Track. 

a.872  lln.  ft.) 

QradiitB  Ofut  TTocle:  Total.      Per  lln.  ft. 

J.SSO  cu.  yds.  excav..  at  80.K8 1  2,!19              I  1.19 

9tZ  cu,  yds.  concrete  mtia  and  labor,  at  tG.&S..  £.231  2.80 

ei   Ions  T  rails  (SE-lb.).  at  |S6,00 1.S«0  0.98 

Freight   on    rails    17»  0.01 

32W   tons  slot  rail    (B3-lb.),  at  8(10.00 I,ii7  0.86 

Bolts,     shims,     ele 497  0.17 

LAlMr,    tracklaying    (except    on   concrete,   which 

was  M9S)    947  0.51 

Castings  for  street  crossing 1,100  0.B9 

273,174   IbH.  cast  yokes,  at  10.0156 4.J31  i-2« 

EI, 338  lbs.  manholes  and  covers,  at  |0.0175 838  0.8B 

18,270  lbs.  sheaves  and  framea  at  (0.087 1,888  0.68 

29.0BS  lbs,  rack  castings,  at   80.035 1,017  0.5| 

Elxtra  castings,  depression  sheaves,  etc 881  o.SS 

Total  grading  and  track J21,S70  tJl-KI 

Patiinc  tor  Conduit  Track: 

80  squares  granite  blocks,  at  118.76 t  1,500 

Sand 260 

Labor    (08 

Total  paving  for  conduit  track %  2,159  8  l.lfl 
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Rtpain  to  Pavtment: 

300  squares   maca^lam.    at    I3.T5 |  l.lil 

60  aquares  gravel    212 

Tolal  repairs  to  pavement t  1,33!>  I  0.72 

Cable     I    70)  t  O-SS 

Tstal  track,  iMivlng  and  cable..' t2S,771  113. IS 

onp   Car    f  2.470  t  1.J2 

Holttlng  Engine  fnol  incJ.  ro'indtillon) S  7.100  I  ISO 

Total  track,  pavlns.  equipment,  etc. 135,311  tlS.90 

Switch  Tracks  in  Uppxb  Atm  Lowkr  Yards. 

(7,700  lln.  ft.) 

Track:  Totul, 

S6  tons  T  rails  (S3-1b,),  at  133.00 t  2.80S 

Freifht    on    ra-mi 29i 

Track  lastenlnsa BIS 

Switches,  frogs,  etc 2.618 

Strinsers.  ties,  etc 3,13fl 

Plank   746 

Total   triick  nmleriiilB t  B.333 

Laylne  Ir.ick,   7,700  Cl 8,4 J4 

Tolal  truck  In  place 116,797 

Paving: 

563  Vj  BQuares  macadam,  at  fS.SO t  1,972 

S.6  squares  spalls 22 

227   squares  macadam,   at   33.75 SSI 

15,000  Kranlte  blocks,  at  |0.05 750 

Qranlte  pavers'  wages Igg 

2,875  cu.   yila    cicflv.,  ot  JO.SO 803 

Tot.il  paving   I  4,686 

Sewerage   f      900 

Toola    »      830 

Total  track,  piivitiit.  vtc (22,120 

Croeslne  gnte.   house,   ftc 387 

Miscellaneous   481 

Qraad  toul,  7.700  lln.  (L,  at  |3.00 322,978 

The  foregoing  does  not  Include  engineering. 

Tlie  work  was  done  by  a  contractor,  who  received  15%  on  the  cost 
of  all  labor,  which  15%  is  Included. 

The  engine  hoists  nt  the  rate  of  S  ft.  per  sec.  when  the  grip  car. 
pushing  two  loaded  freight  cars,  la  aoceniling.  The  grip  cor  Is 
permanently  fastened  to  the  lower  end  of  the  cable.  The  cable  track 
Is  straight,  except  for  a  curve  at  tbe  lower  end.  Sixty  to  80  freight 
can  handled  dally, 

Th«  entire  cost  of  this  plant,  cable  road  and  side  tracks,  was 
I58.S19, 

Cost  of  ■  Rack  Railway,  Plka's  Peak.— Mr.  Thomas  F.  Richardson 
gives  the  followtng  relative  to  the  Manltou  and  Pike's  Peak  Rail- 
way, built  In  1890.    It  fs  a  rack  railway  (Abt  rack).  8.9  miles  long. 
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wtth  maximum  grradea  of  25%,  total  rlae  7,517  ft.,  16°  max.  cum, 
total  curvature  210°  per  mile.  The  kbbb  1b  4  ft.  S^  Ina. :  lO-lb. 
T'ralls  on  hevrn  red  spruce  ties  7  x  S  Ins.  x  9  f t.  The  ktbiUdb  wbs 
dona  by  contriLct,  iit  15  ctB.  for  earth,  32  cts.  for  looae  rock  and 
3D  CtB.  for  solid  rock.  TbeM  prices  were  much  too  low,  and  should 
have  been  30%  higher  to  j^eld  a  fair  proHt,  although  the  cradlnK 
Waa  "paid  for  both  ways" ;  1.  e,  II  the  contractor  succeeded  In 
moving  a.  cubic  yard  o(  looiie  rock  from  cut  to  Oil,  he  got  St  cts. 
for  excavation  and  3!  cts.  again  In  embankmenL 

The  total  cost  of  grading  was  tlSO.SOO,  or  114,950  per  mile.  In- 
cluding log  culverts  and  mnnonry  abutments  for  1  small  bridges  (SO 
to  30  ri.  span).     Idborers  received  12  per  day. 

The   following  was   the   weight   of   Iron   and   steel   per   mile  of 

lAa.  per  mile. 

1,584   rack  bars,  at   S7.S  lbs. 139.080 

l,ESi  chairs,   at   i3.i5    lbs. 36.810 

3,168  rack-rail  bolts,  at  1.97  lbs. 6.2*0 

3,1«8  wood  screws,  at  1.64  Iba 6.200 

1.ES4  cover  plates,  at  1.89  lbs. 2,990 

3,168  spring  washers,  at  0.146  lbs 460 

35S  T  rails,  at  400  lbs. H0.8OO 

362  pairs  angle  bars  <3S-ln.).  at  32.75  lbs. 11.S30 

2,112  bolts    (%x3-ln.),    at    0.49    lbs. 1,010 

12,672  spikes   il'A-in.),  at   0.56   lbs. 6,910 

Total  Iron  and  steel  per  mile 351,110 

3,168  spruce  cross- ties. 

The  tracklaylng  cost  M,!76  per  mile.  Including  the  cost  of  planing 
the  ties  (9  cts.  each),  engine  service  and  everything  except  engi- 
neering. Had  the  material  been  more  simply  designed,  this  cost 
would  have  been  much  less. 

There  were  7  switches  costing  flSD  each  complete  with  ties. 

There  were  4  locomolives,  each  weighing  26  tons  when  loaded  with 
fuel  and  water.  The  round  trip  la  made  In  2  hrs.  with  a  coal  eon- 
auDiptlon  of  less  than  a  ton. 

The  cars  weigh  14.000  lbs.,  are  41  ft.  long,  seat  60  passengers. 
The  train  crew  Is  one  conductor  and  one  bralcemai] ;    only  one  car 

Cast  or  Conduit  Electric  Street  Railway*.*— Mr.  A.  N.  Connett 
gives  the  following  costs  of  a  conduit  electric  street  railway  1n- 
Htalled  by  him  In  1895  at  Washington,  D.  C.  There  were  21  miles 
of  single  track  built.    The  following  prices  were  paid  for  rails  and 

Pertm. 

Wheel    rails    (29.05 

Slot    rails    Sl.t8 

Guard  rails  for  curves 46.SE 

Conductor   rails    40.88 

Joints  complete,  each  11.20 

'Enalneerintl-CoiilracHne,  July  14,  1809. 
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The  cost  per  mile  of  single  track  wb*: 

Ralls  of  all  kinds,  at  above  prices f  9,031.54 

H5.b  tons  cast  Lr»a  (yokes,  Incubator  fratiiea,  l.'o^erE,  etc.), 

at    I28.1K «,06<.75 

Bolts;  tie  bars,  clips,  etc 1,518.82 

Bonds  for  conductor  rails 476.00 

Tracklaylng   (all  labor  and  hauUnE) 2.884.97 

Temporary    track     103.04 

:i,e07  cu.  yds.  all  excavation  (except  cable  ducts),  at  fO.SC  2,373.34 

Sewer  pipes  and  brick  work  for  duct  munholea 483,01 

Cable  aucte   1.032.05 

Excavation  tor  cable  ducta 365.11 

766  cu.  yda.  concrete  for  conduit,  at  (7.09 5,423.03 

514  cu.  yda.  concrete  for  pavlne  base,  He.  ut  14.53 3,268.74 

0.375  sq.  yds.  paving  (not  Includlns  base) 7.99S.30 

Special  track  work  and  curves 3,805.04 

Bilra  bills  of  street  contractor 1,183.20 

Removal    of    sub-surface   obstructions 3,340.0!l 

Total  per  mile  of  slnKle  track t48.33S.47 

The  Item  of  "cable  duels"  coveted  the  following  totals  for  the 
21  miles  of  track: 

10,61S  ft.  o(  12  way  duct  at (1.20 

41  ft.  of     «-way  duct  at 0.88 

21,354  ft.  of     4-wny  duct  ut 0.6S 

133  ft.  of     2-Way  duct  at 0,35 

There  ner«  9,207  cu.  yds.  of  excavation  for  these  ducts  at  33  cts. 
per  cu.  yd. 

The  concrete  for  the  conduit  was  1  bbl.  Portland  cement.  12  cu.  Tt. 
sand  and  22^  cu.  ft  stone.  The  concrete  for  the  paving  base  was 
1  bbl.  Cumberland  cement,  10  cu.  ft  sand  and  20  cu.  ft  stone. 

The  paving  on  the  21  miles  ot  track  was: 

42,1 26  sq.  yds.  old  stone  block  at lO.BO 

91,716  sq.  yds.  asphalt  at 1.50 

The  temporary  track  Is  a  very  low  Item,  the  authorities  having 
permitted  a  flat  strap-rail  to  be  laid  on  fhe  pavement  by  means  of 
flat  tie  bars  with  special  seats  at  their  extremities.  The  streets  of 
Washington  are  exceptionally  favorable  for  the  construction  of  con- 
duit roads,  being  wide  and  having  little  traffic. 

Por  comparison  study  the  following  New  York  Cllj'  flgurea  by 
Mr,  William  C.  Oottschall,  engineer  In  charge  of  construction  of  the 
S^ond  Avenue  Railroad  Co.  o(  New  York: 

Per  mile  of 
Single  track. 


Iron  work,  excluding  yokes,  at  tl.S3  per  lln.  ft S.6S4,25 

124,7  tons  cast-iron  yokes,  at  (25.30 5.678.(8 

Concrete    3.929.88 

Hauling  yokes  and  Iron  work 569.03 

Total,  without  paving (67.691.53 

This   does  not  include   paving,    special   track  work,    feeder   ducts. 

which  Is  exceedingly  high.  Includes  digging  trough,  removing  old 
track,  repairing  concrete,  removing  excess  of  earth,  hauling  all 
track  material,  and  track  laying. 
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Hr.  Connect  esClmateB  the  excesa  tn  cost  at  a,  ccnduU  llofl  over  a 
trolley  line  as  (ollows  per  mile  ol  alngle  track: 

lOS  tons  aheeC  rails,  at  131.30 t  3.3ST 

ID  lona  condUL'Cor  rails,  at  Ml.OO l,«ll 


In  loaulators   , 

II     vHm     av^am    ojito .  a uuu,    ui    »..»v .,i.v 

concrete,  at  17.00 8.4IM 


Porcelain  luaulators   

1.400  cu.  yda  excess  exL'avatli 


Sewer  connecllonB    -- 

Excess  lal>Dr  track  laylnc S.tW) 

Special  track  work,  excess I.iVB 

Total    »!8,9!4 

IlemovlDK  sub-surface  obstructions,  say g,4Tfl 

Total  excess  cost  conduit M7,5M 

Deduct  overhead  trolley  construction S.iW 

Total   difference   In   coat tIs.OOe 

The  removing  ol  sub-surface  obHtnictlons  la  nierely  u  rough  esU- 

Tlie  data  on  cable  railways,  on  the  preceding  pngea.  may  be  con- 
sulted with  advantage. 

Coat  of  Electric  Railway,  Denver,  Colo.— Mr.  John  P.  Brooka  gives 
the   following   as  the    cost   of   a   sln^e   track   line    built    (189S)    In 

Pernille. 

94  V4   long  tons  of  GD-lb.  T-rails,  at  123.GD fZ.S-O.TS 

W  paii'S  of  fiU-lb.  angles,  at  40  eta   (too  low) 144.01) 

I.USO  Iba.  travk  bolts,  at  i%  eta. !»-iO 

33  kegs  riillwuy  Hplkea.  at   f 4.50 144.00 

^GO  copiiei'  or  plate  tmnds.  at  2G  cIs. 90.H 

2.000  ft.  B.  M.  plank  for  culverts 41.08 

::.640  Texas  tlos.  at  BO  ots. 1,330.00 

180  ft.  of  curve  and  guard  rails,  at  tl IgO.O* 

ItauUng  ties  and  rails 110.00 

IJiylng  1   mile  ot  track BB0.00 

1  mirs  No.  0  trolley  wire 335.00 

8S  cedar  poles  in  place  and  painted,  at  ti.Sb 374.00 

Overhead    work    incidentals.    Including    hangers,    insulators 

nnd  ratchets  (*«0),  span  wire  (ti6),  and  labor  (ISO).,  IBO.OO 
2,000  cu.  yds.  excavation  for  track  trench.  a[  23  eta 500.00 

t8.109.45 
Add  6  <:i  for  engineering 300.55 

t«.G00.00 

Add  3   BwUohes.   at   J2i0 SOO.OO 

Total  per  mile 17,000.01) 

It  la  apparent  that  this  line  was  not  laid  tn  a  pat-ed  street.     It 

wilt  be  noticed  also  that  the  price  of  rall^  etc..  woa  lower  li>en 

than  now.     The  cost  of  power  plant  and  buildlnga  la  not  included. 

but  may  be  esclmaled  at  tlG.OOD  for  a  auburban  line  5  iDlles  long. 
Where  paving  of  streets  must  be  done,  use  the  data  given  in  the 

section  on  Roads  and  Pavements. 

Cost  of  Electric    Railway,  Third    Rail   I.1ne,— Ur,    Ernest   Gasen- 

bnrh  gives  the  following  relative  to  a  flrst-class,  thlrd-ratl  auburban 


line,  S2!4  mlled  lonR.  Includlne  en-ltchea  and  BiUingB,  tlie  n 
••t  miles  ot  single  track  !a  actually  66.  Of  the  6214  miles,  6 14 
lire  laid  In  city  Btrcels. 

P< 

Total.  0 

id  embankment (      9S.0O0         1 

—    "-•■     ~- Sl.OEO 


:.  Bridges,    abutmenls    and    culvertB. 
I.  Two   overhead  .railway    crosalDSS.. 

1.  TleB,  2,S40  per  mile,  at  56  cCb. 

i.  BalloHt.  2.200  cu.  yds.,  per  mile,  at  SO 
.  Ralli,  70-lb.  i>er  yd.,  at  131  p«r  ton  dell 
'.  Joints,  qiUies  and  bolts  for  tO-ft.  rails 

1.  Labor  on  track,  ES  miles,  at  fSOO 

I.  L.abor  In  street  track,  614  miles,  st  J  1.8 

I.  Farm   and   highway   crosslnKS 

,.  Wire  fences,  24.000  rods,  at  73  eta 

I.  Switches,    special    work,    etc 

'.  Bonds,  21.000,  at  61  eta  In  place 

special      bondtof. 


switches     . , . 
Third  rail,   70-lb.  per  yd.,  S«  1 


diss,  a 


£,000 
131,000 


IS.  Inaulators.    spikes  and  bolts,   at   ■ 

place   is.uuo  2gg 

17.  Joint  plates,  bolts  and  labor  laying  rail...          »,M0  157 

18.  Bonda.  15.000,  at  73  cts.  In  place 10.960  ns 

18.  Croaalngs  and  crossing  cables 13,500  21t 

20.  Trolley    In    atreels,    single-track   span    con- 

struction       24,000  3St 

21.  Power  atatlon,  150  kw..  at  tiaO  per  kw. 180,000  S.gSO 

22.  Power  station  building,  at  111  per  kw 18.600  204 

23.  Transmission  line.  GS  miles,  at  tl,40O 77,000  1,232 

24.  Sub-atatloo,    freight  and  depot   buildings..  24,600  '302 

2b.  Sub-atatlon.    rallvay  apparatus 65.000  1.O40 

20.  Batteries    SO.OOO  1.2S0 

27.  Telephone   line    9,000  144 

28.  Block-slgnal  system   35.000  SOO 

29.  Stations  and   platforms 4.260  84 

30.  Switch  and  platform-lighting  circuit 4.000  04 

31.  General    oOlce    building g.OOO  12g 

32.  Car  shops,  shop  tools,  etc 21,000  384 

33.  Car   bodies  and    locomotive  body 49,000  784 

34.  Trucks   and   air    brakes 27,600  440 

3G.  Electric  car  equipment 76,000  1,21S 

3€.  Lighting   and    power    apparatus    and    sup- 
ply systems 70.000  1,120 

37.  Accidents,  contingencies  and  Insurance.  G%  89.000  l,i2t 

38.  Administration,    superintendence,   oDlce   ex- 

penses; engineering,  etc.,  6% 89.000  1,424 

Total     f  l,'e«3,730  131,424 

This  estimate  does  not  Include  allowance  tor  right  of  nay,  station 

Sround  and  legal  expense. 

To  reduce  above  coats  per  "mile  ot  line"   iSSV,  miles)  to  cost  pt>r 

-mile  o(  track"'  (60  miles),  deduct  5.3%. 

Items  33,  34  and  3E  must  ne  added  together  to  get  the  total  coat 

of  rolling  stock,  making  82,440  per  mile  of  line, 
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Coit  of  an  Elactrlc  Streat  Railway,  Chicago. — The  (oUowIds  «'b? 
the  cost  ot  a.  mile  of  double-lrack  street  railway  In  Chicago  iu 
18S3: 

Per  mil* 
dbl.  tT. 

2S3  tons  (»0-lb.)    ralla,  st  133.00 %  9,319 

*.-i2i  oak  ties  (£  x  B-ln.  x  7-ft.).  at  fO.SS 1,C05 

352  cast  welded  Joints,  at  f3.5e 1,232 

1,7«0  tie  rods,   at   fO.lG iCl 

33,792  Bplkea    (W  i  W  x*W),    at   (0.01 333 

42.240  ft.  wood  tiller   2.112 

Labor  at  f  1  per  lln.  ft.  of  double  track 6.280 

Total,  exclusive  of  pavement  materials t20.1T0 

10.500  sq.  yds.  cedar  blocks,  at  »0.3O 3,i«8 

146  cu.  yda.  sand,  at  (1.25 ISS 

435  cu.  yds.  broken  atone,  at  (l.EO S6S 

I0.S60  B(|.  yds.  gravel  and  dressing,  at-fO.OS 843 

10,560  Bq.  yda  2-ln.  hemlock  boards,  at  »0.08.,         815 

Total     $25.8J9 

The  above  does  not  Include  the  overhead  system. 

Cost  ot  an  Interurban  Trolley  Lino.— Mr.  Gilbert  Hodges  gives  the 
following  estimate  of  cost  of  an  Interurban  electric  trolley  railway. 
based  upon  experience  In  New  En^and  In  ItOZ: 

Roadbed^  Land.  Etc.:  single  track. 

11.300  cu.  yds.  earthwork,  at  10.45 1  S. 415.00 

325  cu.  yds.  rock,  at  (1.76 66S.7> 

3  ncres  clearing  and  grubbing,  at  (75.00.         223.00 

3.00D  cu.  yds.  gravel  ballast,  at  T0'30 1,600.00 

640  rods  wire  fence,  at  (1.00 640.00 

IMpe  culverts 50.00 

Masonry  tor  bridges  and  culverts 1,000.00 

Wooden   and    steel    bridges 1.300.00 

Land  lor  private  right  at  way l.OOO.OD 

Total  roadbed.  land,  etc (It.TlS.Tt 

a  (TO-lb.).  et  (31.50 (  S,4«G.0O 

.--    raltjolnts,  at  (1.54 334.40 

3.640  chestnut  ties  (6  x  «  Ins.  x  8  (t.),  at  (0.64      1.4I5.Ce 

6.870  lbs.    spikes,    at    (0.0225 132.07 

T;'0  bonds    In   place,    at    (0.616 442. SO 

17  cross  bonds,  at  (0.60 g.60 

Labor   faying    track! '."  i  i !!  !^  i '.  i  1 !'.  i  i  w  !' i  1,066^00 

Total  track   |  7,364.37 

Overhead  S]/atem: 
Poles    (35   ft.),  brackela,   cross-arms,  etc..   In 

place     (60.00 

Trollpy  wire  and  overhead  material  In  place.  1,100.00 
Direct    ajid    alternating    current    feeders    In 

place    1,750.00 

Block  signal  and  telephone  s>-stems 2,000.00 

Total  overhead  system (  5.600.0O 

Engineering  and  Bitperlntentfence t      000.00 

Grand  tola!    126,173.12 
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This  does  not  Include  buildings,  power,  equipment.  Interest  during 
construction,  etc. 

Co»t  of  Third  Rail  and  Trolley  Lines  Comparcd.-~"E:ie<itrlc  Rail- 
ways" (1907).  by  Sydney  W  Aahe.  contains  the  tollowlnfr  coata 
of  ttilrd-rsill  and  of  trolley  lines,  i 
way,  Jr. 

The  estimated  cost  a 
alngla  track: 
I  tern. 
1.    3.640  ties,    at    (O.IB,    dellverf^d, 

.  2,200  cu.  yds.  ballast,  at  (O.SD. 


rail  line  Is 


I  follQWB  I: 


mIte  o 


123.Z 


rails, 


:   ISl.Ol 
1   bolts.. 


.  Joints,  spikes 
.  L^bor  on  track .  . 

I  highway  crossings. . 


■.  «1. 


300.01 
400.01 

S,1»9.SI 


InsulatorH,  spikes  and  bolts,  at  I0.A2 

Joint  plstsH,  bolts  and  labor  laying  rail 

Power  station  l}ulldlng 

7,000   Iba   transmission   line   copper    (GOO   pr.    trf pie- 
strand),    at    I0.200B 

Pole  brackets  and  insulators  for  transmission  line....        lEO.OI 

Sub-Btatlon;  freight  and  depot  buildings 2,000.01 

"  ■   "'"  "m  railway  apparatus. 1,000.01 


150.01 

EO0.OI 


19.  Telephone  line    . 

20.  Block  signal  syBiKuiii 

21.  Plattorras    

22.  Switch  and  platform  lighting  circuit 

23.  General  oOlce  building 

24.  Cars   

25.  Accidents,  contingencies,  etc..  5% 

26.  Administration,  engineering,  etc.,  5% 

Total   130,033.62 

The  estimate  (or  a  trolley  line  Is  essentially  the  same,  eicept  for 
the  following  Itenie: 
lUm. 

i    Joints,  spikes  and  bolts tl.OOO.OO 

9    Bonding,  3B.2  Innda,  at  t0.7S  In  place 2«4.00 

10  Trolley  wire   (4/0),  S.382  Iba..  at  30.198 6«0.63 

11  Brackets  Cor  trolley  poles.  52,  at  (1.50 78.00 

18.  Constructing  overhead   work 600.00 

18.  Trolley  pole*  52,  at  17,60 390.00 

Total    $3,001.63 

The  total  of  the  corresponding  item*  (4,  9,  10,  11,  13  and  Ifi)  for 

third  rail  Is  33,659.  an  excess  ot  only  3667  over  the  trolley  line. 
Hr.  W.  C  (Mttschall  gives  the  following  eatlmates  made  by  Ur. 

Maurice  Hoopes  ot  the  difference  In  coat  between  a  third  rail  and  a 

trolley  line: 
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Third  Rui.  Lim. 

Per  mile 

Extra  length  (16  Ins.)  of  500  ties,  at  tO.OTS t      S^.SO 

GOO  IniuIatarB  and  fuKenlnsi,  at  tO.SO 2Ga.09 

6i.8S  tons  (80-Lb.)   low  carbon  rail,  at  t3G  +  f 2  Irt. i.ii&.Sl 

176  rail  Jolnta.  at  (0.60 105.«0 

3112  bonds  <«2E,00a  clr.  roll.)   In  place,  at  (1,00 352.00 

290  ft.  cable  for  ctomIuki  (I.OOlTOaO  dr.  mil),  (^c.  at  tl.lO       240.00 
Laying  rail    100.00 

Total     tS.llO.Si 

Tbollkt  Linx. 

(Span  connructton,  and  aBsumlng  one  line  of  pal«B  cbarfeable  to 

IronsmlaBion  line.) 

Z2,7T4   Iba  copper  (equlv.  Co  80-lb.  rail),  at  tO.I7 (3.87]. SS 

BO  chaitnul  poles    (S-ln.  x  30-ft.).   at   (fi.OO 250.00 

Ldbor  and  materials  for  erecting 300.00 

Total      f  4,421.f  K 

Mr.  W.  B.  Potter's  estimate  of  the  cost  of  a  protected  third  rail 

Is  as  follows: 

66  tons  (76-lb.)  third  rail,  at  143.00 12,840.00 

52B  TBconHtrucled  Kranlte  Insulators,  etc.,  at  10.40 211,00 

152  bonds  (No.  0005  G.  E.  9"  Form  B),  at  30,38 1S4.0O 

21.71   tone  channel  Iron   (6-ln..  31^-lb.)   suard,  at  t4B.O0..    1. 248.00 

792  mineable  Iron  supports  for  channel,  at  (0.36 ZSe.OO 

176  mnlleable  Iron   fish   plates  and  bolts  for   channel,   at 

(0.25     44.00 

Labor  of  Installation,  Including  drilling  rails  and  channel, .       900.00 

Total  te,6*a.oi> 

Cost  or  Labor  and  Materials  In  Building  Two  Electric  Railway*. •— 
Mr.  DaDlel  J.  Hauer  gives  the  following: 

It  Is  difficult  to  keep  accurate  records  of  coats  of  all  detBll%  owlns 
to  the  methods  generally  pursued  In  carrj-Ing  on  the  construcUon 
of  electric  roads.  The  majority  of  lines  are  built  within  city  Umlls. 
thus  allowing  only  a  short  section  ot  the  street  to  be  torn  up  at  a 
time,  and  this  necessitates  one  ganK  doing  several  dlflerent  kinds 
of  work  In  a  single  day.  Consequently  we  And  the  "common  tabor" 
item  covering  n  number  ol  details ;  Instead  of  the  cost  of  encli 
being  listed  by  Itaelf. 

This  reason  still  holds  good  and  the  writer  regrets  that  this  Is  th* 
case  In  the  data  he  will  give  In  this  article.  Even  though  this  Is 
so,  several  valuable  lessons  can  be  learned  from  the  rectH^s  and 
they  may  serve  to  guide  some  engineers  and  contractors  on  future 

Tlie  two  examples  given  are  descriptive  of  construction  done  In  ft 
Southern  city,  during  a.  year  when  labor  was  being  paid  ti  com- 
paratively high  WB«e,  out-of-door  work  being  plentiful,  and  a  Job 
obtained  easily.    This,  of  course,  added  to  tho  cost  of  the  work. 

•EneineeTtnff-ContractfnB,  February,  1806. 


RAILIVAVS. 


1421 


B^omple  /. — Example  I  was  done  under  a  contractor  on  'Toree  ac- 
count," that  Is,  at  coat  for  labor  plus  a  percentage.  The  work  con- 
alBted  of  taarinK  up  and  partially  deatrorlng  an  old  cable  track  and 
reloyins  the  new  electric  roadbed.  The  old  cable  track  rails  and  slot 
rails  were  taken  out.  and  part  of  the  concrete  conduit  aod  cast-Iron 
yokes  destroyed  and  tilled  In,  then  new  ties  and  ralla  were  laid  and 
the  street  paved.  The  overhead  work  was  not  disturbed,  so  we 
present  only  the  cbst  of  track  work.  Unfortunately  the  cost  of  the 
various  details  was  not  kept  separate,  so  we  cannot  give  the  cost 
of  tearing  up  track,  but  can  only  show  the  total  cost  of  common 

The  working  day  wnsi  10  hours  and  the  following  rates  of  wages 
were  paid  per  day: 


Timekeeper     

Foremen     

Assistant    foremen . . 


Water   boy 

Latiorers  In  the  Iron  gang. . 

Watclmien    

Bonders  and  blacksmith  . . . 

Block  pavers   

Rammers     

Stonecutter    

Cirt    and    driver 

2-horse  teatn   

1-horse  team   


two  first  named  worked  but  8  hou; 
About  a  mile  and  one-half  of  ti 
labor  and  materials  being: 


ere  union  men,  hence  the 
s  laid,  the  total  costs  of 


I^bor     tS9.51B.B4 

Paving    817.44 

Paving  materials   


Permits   from    city 

Engineering   department    

Rnns,  ties,  angles,  plates,  bolta  b 
Miscellaneous  supplies   


341.26 
4S2.4T 

199.8S 


Total     135,821.39 

The  rail  laid  was  of  the  girder  type  welghine  lOT  lbs.  to  the 
yard,  or  188.14  gross  tons  per  mile.  The  height  of  the  rail  was  9 
ina,  while  the  base  was  Ski  Ina  :  the  length  of  the  rail  section  was 
60  ft.  The  angle  plates  were  32  Ina  long  with  12  holes;  the  tie 
rods  were  m  Ina  liy  %  In.,  spaced  every  t  ft.  The  two  were 
spaced  2-ft.  centers,  while  the  spikes  were  EH-ln.  by  S/lS-ln.  The 
bonds  were  10  Ins.  concealed. 
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The  cosi  of  the  material  wast 

Per  lln.  (l 
Rait,  tie  rods,  spikes,  plateo,  nut  locKa.  bolt*.  .tl.3S94 

Botids    tl2U 

Tls     Uli 

Handling    from    care O020 

ll.SGSS 
The  coM  of  labor  for  tearing  up  the  old  track,  excavatinK,  lading 

and  bunding  for  new  and  filling  In  ready  tor  tbe  pavers  iras  tS.SSl 

per  lln.  Il  of  track. 
The  cost  per  lineal  foot  of  track  for  paving  materials  was  tfl.lO 

and  for  labor  Waa  fO.lOS,  malting  a  total  coal  of  tD.208. 

The    coat   per   lineal    foot    of    Irack   for    the   mlecellaneouB   Items. 

enumerated   above,   was  $0.17;    this  makes  a   total  co«t  per  lineal 

foot  as  follows; 

Material     ll.SSg 

Labor    (cNimmon)     2.GS1 

Paving,    Including    labor 208 


Total     *4.*I7 

The  paving  was  granite  block  paving  with  large  Hag  stone  laid  at 
street  crossing  tor  loot  pavement  The  majority  of  the  blocks 
taken  up  from  the  old  track  were  u«ed,  only  about  16%  of  new 
blocks  being  substituted.  The  blacks  were  laid  tn  sand,  and  clndera 
In  wet  places.  The  cost  per  square  yard  of  paving  was  tO.19.  t>elnc 
10  eta  for  tatior  and  9  eta.  for  materlala 

Example  II. — This  work  was  Identically  the  same,  replacing  a 
cable  roadbed  with  girder  mile  for  electric  track.  The  cable  road 
waa  of  similar  construction,  but  the  work  was  done  by  the  railroad 
company's  own  forces,  eicept  the  paving,  which  was  let  to  contract. 
the  company  furnishing  materlala  The  amount  of  worii  done  was 
a  little  more  than  a  mile  of  single  track,  yet  In  both  cases  the  work 
was  for  double  track  fn  the  heart  of  the  city,  where  street  tralllc 

The  prices  paid  labor  In  this  case  were  as  follows: 

Superintendent   fS.SS 

Foremen    i.EO 

Assistant  foremen   S.tS 

Sub-foremen    1.00 

Pavera    t.T» 

Rammers     3.S0 

BlackamlthH     I.RO 

Bonders     1.70 

t!urfacera  and  leaders 1.7E 

Lalmrers  In   Iron   gang l.fiO 

Laborers,  Including  helpers^  watchmen,  etc \Ai 

Water    hoys    75 

Cart   and   driver    8.60 

One-horse  team  and  driver J.00 

Two-horse  team  and  driver S.« 

Team  and  driver  for  dragging  rails S.75 

Pour-horse  team  and  driver 8.00 

Team  tor  hauling  rails 0.00 
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The  total  coat  Cor  labor  and  all  materials  was  as  follows; 

Labor     t  8.235.77 

Paving:    2,652.47 

Paving  materials   1.7»l,E8 

Gutters   106.21 

Haullne    796.16 

Pennlta    from    city 120.TE 

EnKlneerinB    department 133.ES 

RaTls.  ties,  angle  plates,  Iwlts,  etc 9,946.80 

Miscellaneous  supplies   145.79 

f23,8a9.06 

The  paving  was  done  by  contract,  the  railroad  company  fumish- 
IDS  all  Ills  materials.  Ihe  contractor  simply  doing  the  lalwr  of  laying 
the  Belgian  bloclcE.  There  was  E,S94.3  sq.  yda  of  paving,  the  con- 
tract price  being  4ii  cte.  per  aq.  yd.  The  cost  of  new  materials  per 
aqoare  yard  was  31.4  eta.  making  a  total  cost  per  square  yard  of 
76.4  eta  The  paving  In  all  cases  ran  2  ft.  outside  of  rail.  This 
makes  a  cost  per  lineal  foot  of  track  for  paving  of  74  cla,  being 
divided  an  follows:  44.2  cts.  for  Che  labor  of  laying  and  29. S  cIs.  for 
materials.  All  the  blocks  were  laid  In  sand,  there  being  no  other 
ioundatlon. 

The  cost  per  lineal  foot  of  track  for  track  materials  was  the  same 
BM  In  Example  I,  namely  tI.65S. 

The  miscellaneous  cost,  such  as  hauling,  permits,  gutters,  etc.. 
per  lineal  toot  of  track  was  21  cts. 

In  this  case  the  labor  cost  of  the  work  can  t>e  divided  under  sev- 
eral heads,  but  still  such  divlalan  aa  should  be  made,  cannot  be 
given,  as  the  records  were  not  kept  with  such  an  idea.  The  tabor 
costs  per  lineal  foot  of  track  were: 


Superintendence   . 

Laying  and   surfacing  rails 
Labor  ot  tearing  up  — '" 

11 11  In g,   spacing   tie 


ot  tearing  up  cable  track,  excavution,  re- 


Watchmen 

Water  boys 

Blacksmith  work    . 
Bonding    


»l.i 


This  makes  a  total  cost  per  lineal  foot  of  single  track  ae  follows, 
and  allows  of  comparison  with  similar  cost  In  Example  I ; 

Material    tt,6E8 

Labor     (common)      1.372 

Paving,    including   labor J40 

Miscellaneous    210 

is.m 

It  would  seem  from  these  figures  that  the  company  forces  lore  up 
the  old  cable  road  bed  and  laid  the  electric  road  tor  63.7  cts.  less 
per  lineal  foot  ot  single  track,  or  a  ditference  of  13.363. 36  per  mile. 
This,  at  a  glance,  seems  like  an  extraordinary  difference,  and  for 
that  reason  It  would  be  well  to  analyie  tbese  recorda 


1424  HANDBOOK  OF  COST  DATA.    " 

The  DrBt  thinff  lo  be  noted  lo  the  Brest  dlfTerenpe  In  the  wages 
of  varlouB  men.  the  contractors  paying  the  larger  nage.  The  dif- 
ference in  the  compensation  of  lalMirern  nas  ID  cts.  This  was  made 
up  by  the  railroad  company  slvlng  each  man  tno  car  tickets  daily, 
one  for  use  In  the  morning  and  the  other  for  evening  use.  The  cost 
of  these  tickets  was  not  Included  In  the  company's  records.  It  was 
considered  that  Ihere  was  no  direct  cost  to  the  company,  but  such 
an  Idea  Is  certainly  erroneous.  It  would  seem  jthat  at  least  5  cts. 
Should  be  charged  for  these  two  rides,  making  a,  total  charge  of 
about  (300.  The  other  differences  In  wages  are  very  hard  to  esti- 
mate, as  Che  details  of  time  on  the  two  jobs  could  not  be  obtained. 

The  contractor  has.  In  some  cases,  charged  very  high  prices  tor 
gome  of  hlB  men.  such  as  superintendent,  foremen  and  some  others- 
Some  of  these  high  rates  were  made  necessary,  as  the  men  were  paid 
full  time,  whether  the  weathei-  permitted  work  or  not.  and  aa 
wages  could  only  be  charged  'he  company  when  work  was  actually 
done,  a  higher  rate  than  was  paid  was  billed.  Then,  too,  some  ol 
the  wages  paid  by  the  company  were  very  low.  as  foremen,  black- 
smith, bonders  and  a  few  othera.  The  company  failed  to  make  a 
charge  agotneJ  thefr  work  for  a  pay  master,  material  man  and  time- 
keeper. The  roadmaster  of  the  railroad  and  one  or  two  other  offi- 
cials spent  the  greater  part  of  their  time  In  supervision  of  this 
work,  yet  no  charge  was  made  tor  this.  All  of  these  things  would 
add  mateiially  to  tlie  cost. 

Another  matter,  worthy  ot  note.  Is  that  the  contractors  were  only 
doing  one  Btretcli  of  uork  at  a  time,  while  (he  railroad  company  had 
as  many  as  siii  jobs  going  on  slmullaneously.  This  reduced  the  cdhi 
ot  superintendence,  blucksmlthlng  and  a  few  other  Items  for  the 
company,  while  the  contractors  were  compelled  to  charge  full  time. 

Another  consideration  was  the  class  of  work  done.  The  con- 
tractor hud  no  object  but  to  give  the  best  of  work,  the  more  It  coat 
the  greater  his  profits;  but  this  was  not  so  With  the  company's 
forci'S.  SpcciUcatlons  were  not  lived  up  to,  but  rather  Ignored,  and 
wnen  dllflcultles  were  encountered,  spectd cations  were  changed  to 
suit  the  conditions.  One  foreman  expressed  the  situation  tersely 
when  he  said:  "Anytiilng  goes  with  the  company."  Repairs  to  the 
work  were  necessary  within  a  few  months.  As  Is  always  the  ease. 
cheap   toremtn   do   Indifferent   work,   and   foremen's   salaries  were 

Tiie  percentage  paid  the  contractor  In  Example  I  was  10%.  hence 
his  proUt  |)er  lineal  foot  of  track  was  15.6  cts.  Deducting  this  from 
his  cost  to  the  company  we  have  11,161. 

Taking  into  consideration  all  ot  these  fads,  and  It  is  more  tlian 
doubtful  if  the  coat  ot  the  work  by  the  company's  forces  was  less 
thsji  that  of  Iha  contractor.  It  will  also  be  noticed  that  there  was 
no  charges  for  plant,  and  also  for  clerical  hire,  although  clerks 
from  several  departments  did  extra  work  on  account  ot  the  recon- 

Tho  writer  believes  that  this  iB  another  lesson  against  such  woric 
t>eing  done  by  company's  forces  Instead  of  by  contract.  He  would 
not  be  understood  as  advocating  having  the  work  done  by  a,  con- 
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tract  on  the  percenCase  busls,  as  both  the  cosih  of  these  examples 
are  hlgli,  but  It  wouM  be  much  mure  economical  to  let  the  work 
at  contract.  There  would  nu  doubt  tiave  been  b.  number  of  re- 
sponsible contracting  Arms  only  too  K^ad  to  do  these  Jobs  for  lesa 
money  than  they  cost  the  railroad  company.  If  the  work  waa  loo 
IrreBular  to  let  It  upon  a  unit  basla,  or  too  uncertain  to  make  It  a 
lump  Bum  job.  It  could  liave  been  contracted  tor.  at  cost  plus  a  fixed 
sum.  Then  tliere  would  be  no  object  for  the  contractor  to  "salt" 
the  Job,  or  eien  prolong  the  time  or  aklmp  the  woriL  There  Is  cer- 
tainly much  food  for  Ihought  In   the  above  flgiirea 

The  bonding  of  the  inils  on  electric  track  la  an  Imporlant  detail  of 
the  worlL  The  labor  necesaary  consists  of  reaming  the  hole  out  In 
order  io  make  the  contact  good  and  In  placing  and  tightening  up  the 
bond.  Tlie  cost  of  labor  and  material  per  lineal  foot  of  track  tor 
bonding  has  been  given,  but  It  may  be  of  Intcreat  to  consiiler  the  cost 
per  Joint  or  bond.  The  bond  usod,  waa  a  10-ln.  concealed  bond,  that 
Is  »  bond  entirely  covered  up  by  the  angle  plate.  The  cost  of  the 
bonds,  npiece.  whs  73.2  cts.  In  Example  I.  with  bonders'  wagea  at 
30  CIS.  per  hour,  the  cost  of  labor  per  bond  wus  11.7  cts..  making  a. 
total  coat  of  JI.149.  In  Example  II,  with  wages  at  17  cts.  per  hour. 
the  labor  cost  per  bond  waa  21.5  cts.  giving  a  total  cost  ol  97.7  rta. 
This  does  not  Include  the  expense  of  putting  on  the  angle  plat.' 
and  tishtening  up  the  bolts,  as  that  Is  Haled  in  the  records  of  laying 

Botii  Jobs  were  done  in  good  summer  weather.  Truffle  w:in  main- 
tained over  one  track  while  the  other  track  was  being  rebuilt.  No 
record  was  kept  of  tlie  cost  of  laying  these  cmss  overs,  consequently 
they  were  not  charged  against  the  work. 

standard  of  our  best  contracting  Arms.  A  large  per  cent  of  the 
laborers  were  foreigners  and  they  worked  under  sub-foremen  or 
assistant  foremen  of  their  own  nationality.  This  made  It  possible 
(or  the  men  to  lose  and  waste  time.  Frequently  instructions  were 
misunderstood,  so  work  was  done  wrong  only  to  be  ctianged. 
Some  foremen  were  kept  at  work,  not  from  their  ability  to  handle 
men  and  obtain  good  results,  but  because  they  could  furnish  new 
laborers  when  they  were  needed.  It  was  also  possible  for  dia- 
charged  men  to  go  from  the  Job  at  which  they  wore  laid  off  Io 
another  piece  of  work  being  dona  by  the  company  and  obtain  em- 
ployment. Any  contractor  knows  tha  met  of  such  proceedings. 
They  cannot  be  calculated  but  they  show  up  on  tha  wrong  side  ot 
the  ledger  at  the  end  of  a  season's  work. 

Colt  of  Street  Railway  Track  with  Rubble  Concreta  Base,  Ft. 
Wayne,  Ind.* — The  track  was  single  track  In  paved  street,  with 
sidings  and  turnouts,  and  the  work  consisted  In  excavating  some  8  ft. 
wide  and  from  1  to  314  ft.  deep,  placing  the  concrete,  laying  truck, 
and  repaving.  The  conatractlon  is  shown  by  Fig.  13.  The  costs  as 
given  by  Mr.  H.  L.  Weber,  chief  engineer,  PL  Wayna  ft  Wabash 
Valley  Traction  Co..  were  as  follows; 

•Bmrtieertup-CojifrocHitp,  March  11,  190S. 


143t!  HANDBOOK   OF  COST  DAT.-I. 

There  were  6,022  lln.  ft.  of  slnsle  track  made  up  aa  (oUowa: 

Jilaln  line,  lln.   ft. t.til 

SldlngB.    lln.   ft *7S 

Two  left-hand  turnouts,  lin.  ft. S5 

Total    track,    lln    ft 5,022 

There  were  3,970  m,  yda.  of  repavlng  mafle  up  as  followa: 

In  gaite  of  main  track,  an.  yds. 3.3S9.I 

On  sidings,   sq.  yds. 153.> 

1-ft.  strip  outside  of  raJla,   sq.   yds. 1,117.0 

Total  paving,    sq.   yds. 3,970.0 

The  excavation  consisted  of  a  trench  some  S  fL  wide  and  from 
1  Co  3H  ft.  deep.  Ail  excavated  material  nas  hauled  avaj-,  learos 
costing  40  eta.  per  hour  and  common  labor  IBW  eta.  per  hour.  The 
cost  of  excavation  was  as  follows: 

Excavating  and  hauling  away ^|3.37S.03 

1   new  road  plow. .,  .'. 25.00 

Total    cost    (3.1O3.0S 


\ 


*'***^^  Sector.  CarmvfSfttl-n^UMtr 

EnCfrContK  pj^_    "^WaWOwoTS? 

Fig.  13. — street  Railway  Trai-k. 

This  gives  a  cost  for  excavation  of  67.7  cts.  per  lln.  ft.  of  track. 
The  track  was  laid   with  old   5% -In.    rails,    which   were  rcversf^d 
end  for  end.      The  ties  were  spared   SO   Ina.   on  centers.    Altogether 
4.»57  ft.  of  track  were  laid,  costing  as  tollowH: 

Hem.  Total.       Per  lln.  ft. 

I^bor     t    78*. 81  (0.15S 

Ties    1,204.80  0.242 

18  kegs  spikes  at  %f, 90.00  0.018 

8  kegs  bolts  at  tS.gS 48, gE  0.009 

350   bonds  at  SO  c(a 310.00  0.041 

Totals     $2,336.41!  |0.4«S 
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Tlie  concrete  work  comprised  the  making  anil  laying  of  1.260 
cu.  yds.  of  concrete  at  the  following  cost : 

Item.                                                        Total.  Per  cu.  yd. 

Stone  at  11.25  per  cu.  yd t    »7a.53  $0.7.2 

OSS  cu.  yds.   gravel  and   Band  ut   tl       GSS.DO  n.S4« 

7S9H  bbls.  cement  at  12 1.519.00  1.205 

Labor     537.68  0.11S 

Totals     I3.70B.2S  J2.941 

Tlil.i  low  cost  of  concrete  per  cubic  >-iird  was  made  ponilble  by  tlie 
uu.'  of  cobble  stones  from  (he  old  cobble  pavement  In  thi.'  concrete. 
It  was  estimated  by  the  engineer  th:it  had  broken  nCone  concrete 
been  used  thiM>UKhouC  the  cost  would  hove  been  tri.50  per  cu.  yd., 
■o  that  a,  saving  of  nearly  one-half  wns  affected  by  using  the 
rubble  concrete.  The  cost  of  the  concrete  iier  lineal  foot  of  track 
WBB  »3,J08.23  -i-  4,957  ft.  =  7(.S  He. 

There  n-ere  3,970  sfj.  yds.  of  repavlng  BhlHi  I'list  aa  tollowa: 
Item,  •  Total.       Per  sq,  yd. 

Gravel  and  siind t    344. :!n         tO.OSS 

90  Vj   bbts.  cement  ul   f-i 181.00  0.046 

-  T  brick  aC  taS.BO  per  M...       746.81  O.ISS 

1  »18,2B  per  M ;.2o6.8«  0.BS8 


123.618  blocks  a 

■-    ■        ■■  ■    [iniilinp-    hrlf.lt ^SnCIII  „.„.„ 

o.oso 


[and   linuling 
Totals     14.404,6a  Sl.lCS 


This  does  not  Entlude  the  coHt  of  the  rails. 

Comparative  Coit  of  Street  Railway  Track  Built  with  Steel  and 

wood  tie  laid  in  concrete  or  broken  stone  in  street  rallwny  truck 
tonsti-ucllon,  according  (o  flgurea  by  Mr.  C.  H,  Clark,  Cleveland 
Electric  Ry„  Cleveland.  O,  Comparison  is  made  belwern  the 
standard  construction  with  Carnegie  steel  Ilea  on  the  Cleveland 
Electric  Ry.,  and  various  standard  forms  of  construction  with  wood 

The  Carnegie  tie  la  a  steel  I-beam  5',^  tns.  deep  with  a  top 
Range  *%  Ina.  wide  and  a  bottom  Hange  S  Ins.  wide.  The  lies  are 
Bpticed  6  ft.  apart  on  center*  A  atrip  of  I:J:S  concrete  about 
2  ft.  wide  and  Sti  ins.  thick  is  placed  under  eaih  tie  and  the 
splice  helwepn  tlc«  Is  filled  wilh  a  5Vj-ln.   layer  of  c 

'Bnsinetrlng-Contracting,   Nov.   T.    1B08. 
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rods  connecting  the  rails  come  over  each  tie.     The  actual  c«<t  of 

thia  cQnatruction  per  100  fL  Is  given  as  tollows; 

Per  100  ft. 

lS?s    ties   at    12.50 f  41,66 

17  L'U.  yds.  concrete  at  to SB. 00 

Total     1126. «« 

Total  per  (ool  of  track 1-37 

Uslns  oak  ties  costinB  80  eta.  each  and  spaced  !  ft.  on  centera 
the  cost  oC  t1i«  several  standard  conslructions  per  foot  are  givei 
as  foUowB: 

No.  1.— Tamping  with  material  taken  out;  no  extra  excavaUot: 
Par  ft. 
TampiiiK    (0.04 

Total    per   ft !0.44 

Ko.    S. — Seven    Inches   brok.'n    slone   undpr   ties  and   concrete  be- 

O.ia  cu.  yds.  crushed  sioni^.   at  II. aO tO.27 

1  ou.  yd.  concrete,  at  to BO 

Tamplns   crushed   stone OS 

Estra  excavation  and  removing  the  same OT 


No.  3. — Seven  Inches  broken  stone  under  ties  and  broken  stone 
between  the  ties: 

0.2g  cu.  yd.  of  stone,  at  11.50 10.4! 

Tamping   the   same 08 

Extra  excavation  and  removing  the  same 08 

Tie    .40 

Tola!   per  ft I0.9S 

No.  4.— All  concrete :  E  In.  below  and  filled  to  the  top  of  the  tie : 

0.318  cu,  yd.  o(  concrete,  at  |S 11.19 

Extra  e:<cavatlon  and  removing  the  aame Oi 

Tie    40 

Total   per  tt I1-B6 

No.  5, — Four  Inches  concrete ;   1  In.  sand  under  lie  and  concrete 

0,208  cu.  yil.  concrete,  at  (5 tl.04 

Tie  ™. . ". !" '.'.'.'.'.'.'.     AO 

Total   per   ft Jl  51 

It  win  be  seen  that  the  steel  tie  construction  Is  cheaper  In  flrat 
cast  than  any  o[  the  concrete  constructions  with  wood  tlea  Re- 
ferring to  tlita  comparison  Mr.  Chirk  says: 

"Tills  Is  on  the  assumption  that  white  oak  ties  cost  SO  cts.  apiece. 
This  price,  of  course,  varies  In  different  localities,  and  the  difference 
In  price  con  readily  be  applied  tor  comparison.  The  life  of  the 
steel   lie  can  readily  be  placed  at  SO  years,  and  the  white  oak  at 
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Co«t  of  Walding  Ralli  by  the  Thermit  proe«M.'— Tlie  loliovlng 
account  ol  the  methods  and  coat  of  welding  a  large  number  of 
rail  Joints  by  the  thermit  procew  has  been  obtained  from  Mr.  M.  J. 
French,  Engineer  Maintenance  of  Way  of  the  Utlca  &  Moliawk 
Valley  Electric  Ballway,  A  part  of  this  information  appeared 
orlftlnally  in  a  paper  by  Mr.  French,  read  before  the  Street  Railway 
Association  of  the  State  of  New  York,  and  the  remainder,  covering 
practically  all  of  the  matter  on  coata,  wua  obtained  from  the  author 
^y  the  editors  ot  EnBineerlns-Contractlnff,  Both  the  methods 
tescrlbed  and  the  costs  given  refer  to  work  on  the  railway  named 
B'love  during  190&-6. 

Thermit  Proceat. — The  process  of  welding  consists  In  pouring 
molten  mild  Hteel  from  a  melting  crucible  Into  sand  and  Hour  molds 
placed  around  the  rails  at  the  Joint.    It  Is  In  detail  as  follows: 

The  rails  having  llrst  been  lined  and  aurfaced,  the  Joint  is 
tbvroughly  cleaned  with  a  sand  blast  or  wire  brush.  Then  the 
ralLs  are  heated  by  a  gaeoline  or  oil  blow-torch  to  expel  all 
BolBture,  and  by  heating  the  rails  to  a  dull  red  better  results  are 
secured  as  (he  teniperaliire  of  the  molttn  steel  is  not  reiluceU  as 
muth  when  coming  into  contact  with  the  rails.  After  the  Joint  Is 
cleaned  and  heated  a  rair  of  molds  made  of  an  equal  mixture  of 
common  clay  and  sand.  or.  preferably,  ot  sand  and  10  per  cent  of 
cheap  r>-e  flour,  is  clamped  firmly  to  (he  rails.  The  molds  are 
held  by  a  wrought  iron  frame- work  provided  with  imnUles  lo 
facilitate  carrying.  The  molds  being  in  place,  the  rail  head  Is 
painted  with  a  watery  solution  ot  red  clay  which  the  heate<l  metal 
Immediately  dries  up  to  a  Ihin  coating,  the  purpose  of  which  is  to 
prevent  the  molten  slag  or 'Stecl  from  uniting  with  or  burning  the 
rail  head.  After  thoroughly  luting  all  Joints  of  the  molds  with 
clay  of  the  consistency  of  putty,  earth  is  packed  around  the  outside 
of  the  molda  Tlie  molds  and  the  rails  are  (hen  given  a  final 
warming  with  the  blow-torch,  the  flame  being  directed  inside  the 
molds  to  expel  any  remaining  moisture.  The  crucible  on  its  tripod 
ia  then  set  over  the  mold  with  its  pouring  hole  directly  over  and 
about  2  Ins.  above  the  gate  In  the  mold.  After  placing  the  tapping 
pin.  iron  disc,  asbestos  disc  and  refractory  sand  In  the  bottom  of 
the  crucible  to  act  as  a  plug  for  the  opening  the  thermit  compound 
Is  poured  In  and  In  the  center  of  the  top  is  placed  about  one-third 
teaspoonful  of  Ignition  powder.    A  storm  match  starts  the  chemical 

The  thermit  compound  is  composed  of  aluminum  and  Iron  oxide 
both  In  granular  or  flake  form  ;  the  ignition  powder  la  composwl  of 
aluminum  and  liarium  peroxide  in  much  finer  form.  When  the 
match  Is  applied  the  barium  peroxide  ignites  and  releases  Its 
oxygen    to    the   aluminum   very   quickly.      The   heat  proauci'd    Is   so- 

in   t 


n  turn  is  seizes 

a  by  the 

!  aluminum  and  almost   Instantly   the  entire 

■ontenla  of  the 

are  a  boiling  and  seething  mass.      By  this 

paction  the  pu: 

re  steel 

is  liberated  and  settles  iraraedlately   to  the 

•  Engine erltiff- Con IrocMni;,  Feb.  13,  1907. 
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bottom  of  the  mold.  The  crucible  Is  then  tapped  by  striking  (lie 
tapping  pin  with  a  special  Iron  spade  and  the  molten  steel  runs  Into 
the  mold  (ollawed  by  the  aluminum  oxide  and  corundum  slag.  The 
chemical  reaction  described  Is  completed  In  about  30  seconds,  and 
In  Ave  minutes  the  molds  can  bo  removed. 

Uolda. — The  molds  are  made  by  baking  a  mixture  of  sand  and 
rye  Hour  shaped  on  models.  At  tlrst  a  mixture  of  one  part  clay  and 
one  part  sand  was  used,  but  It  resulted  unsatiafactarlly.  The 
molds  shrunk  and  checked  badly  In  baking  and  required  a  great 
amount  of  careful  luting  to  cloee  the  Joints.  Also  the  chiy  waa 
baked  like  a  brick  by  the  great  heat  of  the  welded  Joint  and  war 
quite  dllflcult  to  remove,  adding  somewhat  td  the  eipease.  At  th> 
suggestion  of  an  old  foundryman  trial  was  made  of  a  mixture  it 
clean,  sharp  sand,  with  ID  per  cent  of  coarse  rye  flour;  the  mlxim 
was  moistened  Just  enough  to  retain  Its  form  when  pressed  It 
the  hand.  This  mixture  proved  satisfactory.  It  came  away  fron 
the  model  wltligut  adhering,  baked  without  shrinking  and  was  ha.'d 
enough  to  stand  ordinary  handling.  By  adding  a  teaspoonful  of 
linseed  oil  to  the  mixture  for  a  pair  of  molds  It  baked  as  bard  aa 
concrete — unnecessarily  hard  for  ordinary  purposes,  but  most 
desirable  for  special  molds  for  broken  or  combination  Joints. 

The  molds  are  baked  In  a  brick  oven  having  a  flat  iron  ^late 
above  the  firebox  to  baffle  the  heat  and  above  this  two  racks 
capable  of  holding  twelve  sets  of  molds.  For  baking  a  moderate 
heat,  about  the  temperature  required  for  making  bread — baa  proved 
the  most  satisfactory ;  a  higher  temperature  burned  the  rye  flour 
and  destroyed  Its  cementing  proi;>ertiea  One  man  receiving  IE 
cts.  per  hour  makes  and  takes  the  molds  and  he  can  turn  out  11 
sets  every  Ave  hours,  or  it  sets  per  day.  This  gives  a  cost  for  labor 
of  about  6<r4  cts.  per  set.  The  molds  actually  cost  about  10  eta, 
ct  set.  counting  In  materials  and  lost  time  due  to  the  full  output  of 
the  oven  not  being  required  each  day. 

Cmciblet. — The  crucibles  furnished  by  the  Ooldschmldt  Thermit 
Co.  cost  (T.2G  each,  but  since  using  up  the  first  six  bought  the 
railway  company  has  made  its  own,  buying  magnesia  tar  from  the 
Goldschroldt  Thermit  Co,  at  214  eta  per  pound.  The  tar  Is 
mixed  with  25  per  cent  of  old  crucible  material  flnely  powdered. 
These  crucibles  last  on  an  average  for  about  30  Joints.  They  are 
baked  in  the  oven  previously  described  with  a  higher  temperature 
thnn  that  ^rcdulred  (or  the  molda  Tbe  cost  of  the  crucibles  Is 
t2.40  each,'  made  up  of  the  following  Items: 

*3  lbs.  magnesia  tin  at  214  eta 11.80 

12  Iba  old  crucible  powder,  labor. ..............    0.15 

S  hrs.'  labor  at  IE  cts.,  molding  and  tiaking 0,90 

Fuel    0.1B 

Total     (S.iO 

Catt  of  Welding. — Tbe  welding  was  done  by  a  gang  of  1  foreman 
and  S  laborers.  This  gang  has  never  exceeded  20  weldB  per 
10-hour  day.  The  wages  paid  were:  Foreman,  I2.E0  per  day.  and 
laborers,    fl.EO    per   day.      The   welding   portion   conlisls  of   10   Iba, 
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thermtt  and  S  lbs.  Iron  punchlngs,  or  10  lbs.  thermit  ajid  3  lbs. 
Iron  punchlnga,  It  a  lower  temperature  seems  deBirH.ble,  The 
total  cost  of  the  welding  portion.  Including  Igniting  powder,  tapping 
pin,  and  plugging  materialB  for  crucible,  i^onslstint;  of  asbeHtoa 
washer.  Iron  disc  and  refractory  sand,  is  t4.25.  The  coat  of 
welding  100  Joints  on  T-rall  T  Ins.  high,  6  Ins.  base  and  3  Ina 
head  during  11106  was  per  Joint  as  follows: 

Cost    of    mold to. 10 

Cost  of  crucible 0.10 

Cost  of  casting  materials 0.20 

Foreman    0.2S 

Laborers     0,81 

Thermit    portion 4.2S 

Total     (TsT 

To  this  Is  to  be  added  tl,S3.  which  la  about  the  average  cost 
of  removing  and  replacing  brick  pavement  at  each  Joint  (or  labor 
and  materials,  using  old  broken  stone  for  concrete  and  cleaning 
old  paving  blocka  This  addition  brings  the  total  up  to  IT.44  per 
Joint  welded.  The  cost  of  welding  GOO  Joints  In  190S  on  9-ln. 
tram  head  rail,  including  all  labor,  materials,  tools  and  patterns 
Incident  to  the  work,  experimenting  with  mold  materials  nnd  cost 
of  oven,  was  tS.SG.    The  cost  of  the  original  outfit  for  welding  was: 

I  automatic   crucible |  7.25 

1  set  mold  models 12.00 

1  set  mold  clamps 6.00 

1  tapping    spade 1,00 

1  tripod  for  crucible 4.00 

1  set  mold  boxes 2.G0 

Total     t)2.7S 

PreoaaUont. — Certain  precautions  nre  necessary  to  get  the  best 
results  by  the  thermit  process,  and  some  of  these  wo  quote  from 
Mr.  French's  paper  as  follows : 

"Wlien  we  began  welding  this  T-in.  rail  we  found  that  we  could 
sledge  off  the  welds  and  that  the  Iron  from  the  thermit  compound 
had  not  united  with  the  rail;  also  that  the  Iron  came  up  to  the 
top  of  the  rail  head.  We  subsequently  found  that  the  mold  models 
had  become  mixed,  and  we  had  used  one  of  too  small  horlsontal 
cross-section,  and  consequently  the  rail  chilled  the  small  volume  of 
molten  Iron  coming  In  contact  with  IL  Upon  enlarging  the  mold 
model  BO  that  the  thermit  portion  furnished  only  enougti  iron  to 
come  up  under  the  rail  head,  we  obtained  welds  that  resisted  the 
most  vigorous  sledging  that  could  be  given  with  a  10-pound  hammer. 
We  were  able  to  batter  the  weld  out  of  ahaj*.  but  could  not  sepa- 
rata It  from   the  rail.     This  sledging   test   Is  now   applied  to  all 

"We  found  when  welding  in  the  morning  with  rising  temperature 

■     that    tightly-closed    Joints    often    humped    up    when    welded.      This 

proved   to  be  due  to   the  latent  compression   In    the  rails  that  did 

not  manitest  itself  until  the  rail  ends  became  soft     These  humped 

Joints  were  ground  down  with  an  emery  wheel  grinder.     We  hB4 
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only  a  ten  of  these  joints  when  we  realized  tho  cauie,  and  readily 

prevented  such  aotlon  by  welding  on  cooler  days  or  when  the 
temperature  was  falling.  We  obtulned  the  beat  results  with  JoIbIb 
open  about  1/16  -to  1/32  In.,  the  expansloa  In  welding  closlns 
tighily  such  an  opening.  We  have  made  excellent  comblniition 
weldE  between  SO-lb.  T-rall.  T-ln.  TO-lb.  and  »5-lb.  T-rslls  und 
S-lti,  girder  ralla  In  making  romblnatlon  welds  we  found  that  It 
was  essential  to  get  a.  good  body  of  metal  between  the  upper  aide 
of  the  base  of  the  deeper  rail  and  the  under  aide  of  the  shallower 
section  In  order  to  secure  the  strongeal  type  of  weld, 

"Thus  far  there  has  been  no  appreciable  excess  wear  In  the 
heail  of  the  rails  at  the  welds  and  the  heated  portion  seems  to 
take  the  original  temper,  uB  11  cools  down  slowly  In  about  the 
same  way  as  when  coming  from  the  lollK. 

"A  few  portions  of  thermit,  not  over  six,  have  been  lost  throuBh 
failure  of  tlie  workman  to  tap  the  crucible  properly,  or  lack  of 
luting  aroiinil  the  Joints  of  the  molds.  We  have  had  but  one 
explosion  during  our  entire  experience.  That  occurred  nfler  uelng 
the  process  IS  months,  and  was  caused  through  carelesaneae  In 
welding  on  a  rainy  day  and  lo  not  thoroughly  luting  the  molds 
near  the  lop.  The  slag  come  in  contact  with  the  wet  earth  around 
the  mold,  but  aside  from  the  scare  oocartoned  by  tlie  report  and  a. 
alight  burn  on  the  foreman's  arm  from  flying  slog  no  harm  was 
done,  and  the  weld  turned  out  to  be  a  good  one." 

Cost  of  Electrkally  Welding  3,0S7  Rail  JolnU.*— Mr.  P.  Ney  Wil- 
son gives  the  following: 

There  are  many  miles  of  perfectly  welded  track  In  existence, 
and  this  fact  seems  sulflclent  to  prove  that  the  process  Is  not  a 
failure :  for  the  successfully  welded  track,  aside  [rom  the  question 
of  theoretical  points  in  the  process,  furnishes  abundant  proof  that 
with  proper  attention  the  weld  is  eillclsnt  and  the  nearest  approach 
to  the  perfect  joint  that  track  engineers  have  yet  seen. 

The  one  important  anil  serious  drawback  to  the  use  of  tlie  weld 
was  the  inclinnllon  towards  undue  crystal  Heat  I  on,  caused  by  the 
sudden  application  of  severe  heat.  This  condit.on  developed  during 
the  experimental  stage  and  se<ms  to  have  been  obviated  by  the 
more  sclentlflc  application  of  the  process. 

In  the  case  of  old  track  with  more  or  less  battered  Joints,  prices 
should  bo  obtained  upon  a  st'^p  joint  for  raising  the  receiving  rail 
sufflclenlly  to  surface  the  lowest  spot  on  the  dish  with  the  abutting 
mil.  To  this  Ilgure  should  be  added  the  cost  o(  the  bonds  (loose  and 
battered  joints  aro  usually  accompanied  with  [neOlcIent  bonding)  ; 
then  odd  labor  cost  and  Incidental  material  and  moke  a  total.  This 
total  should  be  compared  with  the  cost  gf  welding,  and.  after 
considering  (ha  Increased  life  due  to  welding,  a  decision  based  upon 
facts  can  ho  made. 

To  Illustrate  the  point  Just  made  an  example  Is  chosen  rrom 
work  done  at  C.imden.  N.  J..  In  the  fall  of  1S05  on  the  lines  Of  the 
South  Jersey  Division  of  the  Public  Service  Corporation. 

'Enginecrinn-Contraclina,  Mar.  20.  190T. 
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OltaANIZATION     OF    THK    WOHK. 

The  organiKiilon  ot  ths  gniiB  floluR  the  work,  aa  Ehown  In  the 
ileculled  statement,  corrtsted  ol  about  100  men,  76  of  whom  worked 
on  the  day  shirt  and  the  balance  ot  25  on  the  night  shift.  It  was 
found  that  It  was  not  necessary  to  have  more  than  2E  men  working 
at  night,  as  the  day  gang  could  keep  ahead  of  the  welding  tnachlnb 
with  very  satisfactory  results.  The  figures  showing  the  average 
number  of  men  In  gang  per  day  are  baaed  upon  s.  ten-hour  day  at 
15  CIS.  per  hour,  assuming  that  all  the  men  received  the  same  rate. 
Thia  figure  Is  shown  In  this  way  Bo  that  It  can  be  applied  In  any 
loc  iillly  wlii^re  a  higher  or  lower  rete  of  wages  la  paid ;  tor  Instance, 
the  average  number  ot  men  per  day  required  on  the  entire  operation 
wivs  97.6.  This  figure  being  arrived  at.  assuming  that  all  ot  the 
men  and  teams  wgrketl  at  the  same  rate  per  hour,  would  effect,  of 
course,  the  cost  per  joint  labor  tor  opening,  closing,  shimming  and 
aligning,  etc..  In  other  localities:  this  latter  coat  being  Increased 
or  decreased  In  proportion   to  the  increase  or  decrease  In  the   rale 

The  6|>eratlon  In  Camden  was  handled  by  four  foremen,  two 
suI><foremen  and  on  on  average  of  three  teams  pei-  day.  The  rate 
paid  the  foremen  was  25  eta.  per  hour;  rate  tor  teams,  45  cts.  per 
hour,  and  rate  cf  men  In  the  gang.  15  eta  per  hour.  It  might  be 
added  titat  In  the  gang  doing  the  work  there  was  about  50  per  cent 
ot  flrst-olase  track  laborers  at  the  16-ct  rate.  These  men  were 
experienced  trackmen  and  the  low  cost  per  Joint  bears  e\-ldonce 
of  their  capability. 

The  actual  welding  ot  the  Joints  was  done  by  the  Lorain  Steel 

by  the  number  ot  Joints  covered  by  contratt.  They  agree  to  paj- 
to  the  i-allwuy  company  |10  to  (12  per  Joint  for  every  Joint  that 
breaks  within  one  year  from  date  ot  welding.  The  breakage  tot 
the  first  year  was  1  per  tent.  Ihe  cost  ot  cutting  in  new  rails  being 
covered  by  the  rebate  from  the  contractor.  The  track  having  beer 
already  subjected  to  all  seasons  ot  the  year,  we  now  assume  that 
the  breakage  will  be  materially  decreased  until  the  rail  is  worn  to 
a  point  where  it  should  be  relald.  Very  little  new  material  waa 
used  by  the  railway  company.  It  consisting  of  iron  shims,  sand, 
oil  tor  red  lights,  hacksaw  blades  and  other  Inexpensive  miscel- 
laneous track  material.  It  was  not  necessary  to  mix  concrete  for 
nillng  in  holes  for  paving  foundation,  for  In  the  above  case  tho  citj 
was  under  contract  with  a  paving  company,  who  lollowed  up  thf 
Wi'ldlng  machines  and  replaced  asphalt  on  Broadway  and  on  Kelghr 
Ave.  The  paving  on  all  other  streets  was  placed  by  the  rallwaj  " 
company,  using  the  men  In  the  gang  at  the  rate  mentioned.  Thi 
aligning,  surfacing  and  shimming  ot  the  Joints  was  done  by  six 
skilled  trackmen  under  a  foreman.  These  men  were  trained 
esoeclally  for  Joint  repairs  with  the  Idea  In  view  that  too  much 
care  cannot  be  taken  In  bringing  the  Joint  to  proper  alignment  and 
surfnre. 
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An  important  feature  la  the  maintenance  of  way  man  is  tba 
obtuinlng  ot  proper  credit  (or  old  material,  which  lias  been  re- 
turned to  scrap  or  to  atores.  It  being  manirest  that  In  case  of 
welding  rails  that  the  bonds  and  the  Jolnta  taken  off  should  be 
credited  to  the  operation. 

Cost  of  Wobk. 
Baddonfleld  Pike. — The  work  on  this  street  compriaed  the  weldlns 
ot  the  Joints  In  both  tracks  of  a  double  track  line.  Altogether  Si» 
Jolnia  were  welded  In  T-ln,  girder  rail  of  Pennsylvania  Steel  Co.'b 
sertlon  No.  23S  and  Cambria  section  No.  8Z4.  The  rails  were  60  fL 
long.  The  pavement  was  Belgian  blocks  on  sand.  The  work  was 
started  on  Sept.  23,  IBOE.  and  was  finished  on  OcL  6.  1905.  making 
11  days'  work.  The  average  number  of  men  In  the  gang  per  day, 
liHSed  upon  a  lO-Jiour  day  at  IE  eta.  pet  hour,  indualve  of  Sundays 
tived  for  acrap  flsh  plates 
3nds  was  IS^  eta.  per  lb. 


Cost  after  deducting  credit." flillS-iO         tl.l33 

We  have,  then,  the  cost  of  welding  per  Joint  as  follows: 

Cost  ot  fitting  Joint  for  welding (1.413 

Contract  price  for  welding 5.2& 

Total     I6.88S 

This  figure  gives  a  cast  per  mile  as  follows: 
For 
For 

Stofe  Sfreet.^The  work  On  this  street  comprised  the  welding  of 
mi  Joints  on   7-ln.   girder  rail  Cambria  section  No.    831.      For    IIG 

Joints  the  ralla  were  30  ft.  long,  and  tor  T6  Joints  they  were  GO  ft. 
long.  The  pavement  was  Belgian  blocks  on  sand.  For  the  ecrsippetl 
lish  plates  the  company  received  115.60  per  gross  ton.  and  for  the 
copper  bonds  15^   eta  per  lb.     The  average  number  of  men  In   (he 

was  84.6.  Work  was  started  on  Oct.  13,  and  flnlslied  on  Oct.  16. 
I89E,  and  occupied  three  working  days,  making  the  nverage  number 
of  Joints  llnlBhed  per  dny  63.6.     The  cost  of  the  work  was  .ia  follows: 


Credit    for    scrap 

Coat  after  deducllng  credit. . 
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e  have,  then,  the  cost  of  welding  per  Joint  as  follows : 

of  fitting  Joint  for  welding tl.3R2 

"^   price  for  welding h.25 

Total     $«,63a 

There  flguraa  give  a  cost  per  mile  as  follows ;  1 

For    30-f(.   lengths t2.33<-16  ' 

For   60-ft.   lengths LIST. 23 

Broadwan  and  Salon  Awenue. — This  Job  comprised  the  welding 
of  716  Joints  on  double-track  line  on  Broadway,  anil  of  Si  Joints 
on  one-tracit  on  Kaign  Ave.,  making  a  total  of  T79  jolnls.  The  rail 
In  both  caaea  was  T-ln.  girder  Pennsylvania  Stetl  Co.,  section  Ho. 
23S.  The  pavement  on  Broadway  was  iisphalt  between  rails,  and 
part  of  shoulder  and  Belgian  blocks  along  rails,  on  E  Ina  of  con- 
crete. On  Kaign  Ave.  (he  pavement  was  bricks  between  rails  and  on 
shoulder  and  asphalt,  both  on  6  Ins.  of  concrrte.  Tlic  mils  In  both 
cases  were  30  ft.  long.  For  the  scrapped  flsh  plates  the  company 
got  »16.eO  per  gross  ton,  and  for  the  old  copper  rail  bonds  15^ 
eta  per  lb.  The  average  number  of  men  worked  per  day,  based 
upon  3.  10-hour  day  at  15  ctfl.  per  hour.  Inclusive  of  Sundaya  and 
rainy  days,  was  99.7.  The  work  was  done  in  September  and  October. 
]9rtS,  anil  lasted  IS  days,  so  that  the  average  number  of  Joints 
finished  per  day  waa  60.  The  cosl  of  the  work  was  as  follows: 
Cost  of  Fitting  Joinli  for  WeUllne:    Total.         Per  Joint. 

S9.7  men  13  days  at  |1.50 (I,9i4.!i4  I2.4flS 

Cost  of  malerialB 239. 7S  0.307 

Total     12.154.73  $2.gOS 

Credit   for  scrap 712.14  0.9U 

Cost  after  deducting  credit M.472.aS         tl.Sg9 

The  work  required  replacing  lOlfl.S  sq.  yds.  of  asphalt  at  a  total 
cost  of  I2.SS9.8S.  or  12.527  per  sc].  yd.  As  there  wt-re  :Tn  Joints  the 
repairs  amounted  to  1.305  sq.  j-da.  per  Joint,  and  rost  |3.^<I8  per 
Joint.     We  then  have  (he  total  cost  of  welding  per  Joint  as  follows; 

Fitting  Joint  for  welding ll.SgS 

Contract  price  for  welding S.2i 

Repairs  to  pavement 3,2nS 

Total     J10.4S7 

These  figures  give  a  cost  per  mile  as  follows: 

For  JO-ft.   lengths tS.131.97 

For   60-ft.   lengths 1,BS7.08 

Mooreetovtn  Pike. — The  work  on  this  Job  comprised  the  welding 
of  1,128  Joints  on  double  track  laid  with  60-fl.  9-fn.  and  T-in.  girder 
rail  Pennsylvania  Steel  Co.a  Mctlons  No.  238  and  No.  200.  The 
pavement  was  Belgian  blocks  on  sand.  Scrap  fish  phttea  fetched 
(15.60  per  gross  ton.  and  scrap  bands  15Vj  eta  per  lb.  Work  was 
started  Oct.  16  and  was  finished  Nov.  B.  1905.  thus  lasting  18  days. 
The  average  number  of  men   worked  per  day,   haaed   on  a   10-hour 
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Coat  of  FlUliiff  JolHts  far  WrJdittg:     Total.         Perjolnl. 

»3.B  men  IS  duya  at  Jl.BO 12,628.13  |2.241 

Cost  ot  material 142. SB  0.127 

Total     12.671.01  I2.S88 

Crddlt   for  scrap 1.030.19  O.illS 

Cost  after  deducting  credit fl.GlO.SS         fMSS 

We  then  liuve  the  totui  cost  of  welding  p»r  Joint  as  followa: 
tl.455 


e  figtires  give  a  cost  ptr  mile  as  follows: 

ror  3rt-ft.    lengths t2.3S9.8n 

l^'or  60-ft.   lengths I,179,au 


Cost  of  Wort;  Total  Perlolnt 

Idbor  preparing  Joints t  T,0S1.24  fZ.277 

Materials  preparing  Joints SSl.OO  0.188 

ToMl     t   T, £12.33  I2.4S5 

Cmitt   for  scrap 2.81S.B9  0.912 

rust  after  deiliictlng  creillt t  4,795.74  11.533 

r.iHl  veplnr.  I.UKi.li  m.  vdH.  usplmlt     2.589.SE  0.832 

C.intrucl  pilce  for  welding 10,208.75  B.2B 

Totuls    »33,572.14  I7.«3fi 

Tliese  ligures  give  us  u  cost  r>er  mile  as  follows: 

For    nn-fl.    rull!- »2,68T.B2 

For    6«-ft.    rails 1.343,75 

DlSCUSSlOtf   OP    RBSOt-TS. 

The  Ifrst  cost  per  Joint,  representH  cost  In  labor  and  material 
to  the  railway  tonipany  encluaive  of  the  contract  price  for  doing 
the  welding.  Tliv  average  number  of  flnlshed  Joints  per  day  on  the 
above  operation  Was  64.  It  should  be  underatood  that  this  figure  is 
iirrlved  at  by  dividing  the  total  number  of  Joints  by  the  total 
ilays.  Inclusive  of  Sundays  and  rainy  days  and  toss  of  time,  due  to 
the  moving  of  the  machine  from  one  street  to  the  other.  Under 
favorable  conditions  80  Joints  per  day  of  24  hours  can  b«  opened, 
welded,  repnved  .and  left  In  (Inlshed  condition. 

In  paved  slreets  (he  qiieBifon  of  expansion  and  contraction  need 
be  the  cause  of  any  worry  on   the   part  of  the  engineer,   as. 
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there  being  little  oliange  In  (he  temperature  of  (he  earth,  there  Is 
correspondingly  very  Blight  expansion  and  contraction.  Slip  lolntB 
In  closed  slreets  are  not  satlsCactory.  and  after  practical  experience 
are  not  being  advocated,  for  the  reason  that  it  Is  practically  Im- 
possible to  calculate  where  the  contraction  strain  will  take  place. 

It  was  assumed  that  the  rail  welded  would  have  to  be  reiald  In 
four  years,  owing  to  battered  Joints,  and  from  the  fact  thiil  Broad- 
way and  Kaign  Ave.  was  laid  In  concrete  with  asphalt  paving  anil 
would  coat  tor  relaying  j5  per  fool  for  paving  alone,  figures  showed 
conclusively  that  a  saving  could  be  effected  and  the  life  of  the 
rail  Increased  from  75  to  100  per  cent.  On  Haddonfteld  and  Moors- 
town  Pike  the  cost  per  Joint  per  year  for  keeping  (hem  In  a  fair 
condition  was  90  cts.  This  Included  opening  and  closing  JoEnl, 
placing  new  plales  and  shimming. 

Taking  Into  consideration  ths  above  flgures  and  excessive  cost  of 
re-cons tructlon  on  Kaign  Ave,  and  Broadway,  tt  was  evident  that 
saving  could  be  made  by  weldlrg  iolnta.  One  per  cent  of  breakage 
was  a  small  matter  In  comparison  to  the  increasing  bad  condition 
of  all  of  the  joints.  On  Broadway  and  on  Kalgn  Ave.  with  a  total 
of  779  welded  Joints  there  were  none  broken.  These  two  streets 
were  paved  with  asphalt  an  concrete.  The  entire  number  of  broken 
Joints  occurred  on  Haddonlleld  Pike  and  Moorstown  Pike,  where 
the  tracl-  was  laid  on  sand  and  pavi-d  roughly  with  rubblestone.  To 
the  condition  of  the  paving  was  attributed  the  breakage,  as  In  the 
winter  months  the  snow  and  Ice  hod  an  opportunity  to  get  around 
the  rail,  reducing  the  temperature  of  the  rail  to  such  an  extent 
that  breakage  fol]owe<l. 

The  Lorain  Steel  Co.  has  recently  successfully  applied  the  process 
to  T-rall  track  on  Interurban  lines,  having  welded  a  stretch  of  about 
slz  miles  from  Providence,  R.  I.,  to  River  Point.  In  this  track  they 
used  expansion  Joints  every  1,000  ft. 

Cost  Of  ErectlnB  Trolley  Poles — A  gang  of  4  men  digging  holes 
and  S  men  raising  poles  averaged  3E  poles  set  per  10-hr,  day,  or 
50  cts.  per  pole  at  tills  rate,  and  with  wages  at  |1.80  per  day,  a  man 
digs  9  holes  per  day  at  a  cost  of  20  cts.  per  hole,  and  a  man  raises 
6  poles  per  day  at  a  cost  of  30  cts.  per  pole. 

In  digging  holes  24  Ins.  diam.  and  5  ft.  deep  for  telegrnpli  poles, 
using  a  crowbar  and  "spoon"  shovel,  a  man  will  dig  only  3  holes  a 
day  In  stiff  clay,  and  7  holes  In  average  earth. 

Cost  ot  Reinforced  Concrete  Trolley  and  Transmission  Line 
poles.* — The  Fort  Wayne  and  WaUash  Ynllej-  Traction  Co.  lias 
made  reinforced  concrete  trolley  poles  and  transmission  line  poles, 
the  cost  of  which  was  as  follows  In  I»06  : 

The  trolley  poles  are  J2  ft.  long.  E  ft.  of  which  Is  below  the 
ground  leveL  The  pole  Is  10  Ins  siiuare  al  the  ground  level  and  6 
Ins,  at  the  top.  and  Is  reinforced  with  8  twisted  steel  rods,  !}t  in. 
It  contains  22^  cm.  tt.  ot  1  ~  3  -i-  3  gravel  concrete,  and  122  lbs. 
of  steel,  weighs  3,300  lbs.,  and  coats  17.50  at  the  gravel  pit.  The 
transmission  pole  Is  43  ft.  long.  S  ft.   being  underground.      It  is  12 

•Enffinvvrtne-Contracttng,  July  11,  1909. 
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InK  SDuare  at  the  Rround  level,  and  6  ina.  at  Uie  top,  and  Is  rein- 
forced with  S  twisted  steel  bars  (M  ln.>.  i  at  which  otb  32  TL 
lon«  and  4  are  ii  rt.  long.  It  contalnii  2»  cu.  (L  concrete.  242  lbs. 
relnforclUB  bars  and  21  Iba.  of  slepa.  weighs  4,4Q0  Iba  and  costa  (11. 
Firw  Coit  and  Coit  of  Op«ratlna  a  Troll»y  Lino— "Street  Rail- 
ways.- by  C.  B.  Falrcblld.  eontalna  the  foUowlng  eetlmate,  made  In 
1892,  of  the  cost  of  oonstrucUng,  equtpplns  and  operating  3  mile* 
of  double  track  electric  troUey  line,  with  power  station  near  the 

«'"«'^=''-  TotaL      "1^'" 

"i^'tw  e"^  lLf''!'Z^^JL}^'^.:^^?y.  _'i?«.«''4 

to.»a  . 

IB.ISS   tlea    (B   X  7-ln.)   at  10.4S; 
l.DGfl  double  Joint  ties  at  S5.7S 
31.SS0   ft.   railB   {78-lb.).   fncludlng 'all' 'c 
and  steel  a*  *'  '"  e  «"   i 


<-7-i,LyatiKi6::::::::::;; '  '3-|J«  » ff 

Tit     >l»     oh     tS  IE  '■?'§  '.l- 


«   miles   electrical    ci.nst^ctlb^"lnciuding'^p;>ir  '•"* 

28.1B8  sq.  yds."  ^i^ite  paV^niai  Vi.i6; :  i :  i!  i." :      ,\^\       i\^. 
Total    road   bed ,lSj_g23     ^^^^ 

Bpecial  Street  ConatructUfn; 

J  crOB»-ower  switches  al  IS26.O0 •      i  nen     •       .^k 

1   double  track  crOBHlns '      '■SSS     *       "-l 

lu  degK  double  tra.k  curve. .:';;:::;:::::;::::      til       |S 

Total  special  street  construction .l~~Mli    t      303 

Overhead  St  feel  Conatrucllm: 

10.224  Iba.  (No.  0)   trolley  wlraat  (oie i  iJf  At 

2,200  lbs,    (5/ia,   7   strand)   aSvanSed  stWl'Vlre 

27h* iL'^'?'^S'''^'''^'^"''''«^'>"  ='  Vo. ii: ::;;::::    2.s6i      <" 

2/0  Iba  strain  and  anchor  wire  at  10.04 li  5 

.'!?™    ""^  ."""^    InRulntlngr    appliances,    lighting 
3  mller  rbof;-,rctJhfn\"''t?o°lley-knd  i44iVi™  aAd  ""  "* 

attaching  Insulating  appliances,   at  1500.00 1,600  250 

Total  overhead  construction.. 

Special  Overhead  ConalmcHot 
I  trolley  swltrhea  at  |3.00 


f  1.TS7 


90  deg.) 
' hi 

itnictlon f 
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Power  Home  and  Plant; 

Real    estate t  10,000  f   1.86T 

House,  100  I  175  (1 26,000  4,186 

Steam  iilanl.    1,060   hp.    (35   hp.   per  car)    (2   slow 

apeeil  etislnes,  bollera,  etc),  at  ISG.OO C8.2S0  11,375 

Elertrlcal  equipment  (Ineludlng  getieratorB.  swttch- 

board,  etc.),  900  tip.  (SO  hp.  per  car)  at  }3E.aO. .  31,600  5,2B0 

Total  power  house  and  plant |134,7S0     t22,458 

Rolling  Block  and  Egnlpment: 

la  motor  trar  bodies  (IS-ft.)   at  fl, 000.00 t  15,000  S  2.500 

15    motor   trucks  at   (275.00 1,125  S87 

30  motors   (ZO  hp.)   and  electrical   appliances,   at 

tl.2BO.O0     37.500  6,250 

15   coaches    (trailers)    with  trucks  at   $1.200.00...  18,000  3,000 

Total    rolllns;   stock I   7*,«26      I1M37 

Car  Bam  and  Repair  Shop: 

Real   estate J  2.B00  |      418 

Car   house,  fireproof 25.000  4,167 

Pits,   tracks  and  switches 4.000  667 

Repair   shop   equipment 8,500  1,417 

Total  car  barn  and  repair  shop t  40.000  t  6,667 

A.ialUaru  Appliance!; 

1  electric  snow  plow  and  sweeper t  5,000  S       888 

Other    snow    appliances 1.000  167 

1  wrecking  wason.  tools  and  team 800  133 

1  high  Wd.BOii,  tools  Euid  horse 600  100 

1  express  wagon  and  horse 360  58 

1  heavy  wagon  and   team 600  83 

2  carts   100  17 

Track    tools,    etc 300  50 

Total  auxiliary  appliance %     S.660     t  1,442 

Qrand     total 456,433       73,906 

I  give  the  foregoInK  estimate  principally  as  an  Illustration  of  an 
extravagantly  expensive  line,  and  one  to  which  the  estimator  has 
applied  the  highest  posdble  unit  prices  In  nearly  every  Hem.  It  Is 
by  no  means  typical, 

Mr.  Falrchlld  gives  tbe  following  estimate  of  cost  of  operating  15 
trains  (motor  and  trail  car),  running  on  4  mlns.  headway.  Including 
an  allowance  for  "depreciation."  He  figures  the  Hie  of  the 
destructible  part  of  the  plant  at  !0  year*,  and  provides  a  sinking 
funa  that  at  3%  compound  Interest  will  redeem  the  plant  in  10 
years.  This  amounts  to  113,870  per  year,  sr  (38  per  day.  which 
shows  that  he  figured  thta  depreciation  on  a  plant  of  about  1366,000. 
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EteproclaUon  of  plant  and  rolUnK  Btock t  38-00 

Repairs.  englneB,  boilers,  eenerators,  etc 11.00 

Repairs,  cars   (Including  motors) TS.OO 

Repalra,  track,  overhead  coiiBtrucUoii  and  bidgs.     4T.00 

Track  cleaning,  train  aJid  ahop  expense H.0« 

Track    service S.M 

Power  and  car  house  expenses 6,00 

Car  house  service,  inclusive  oC  cleaalnK.  Inspec- 
tion,  etc 30.00 

BnglneerH,  fireman  and  dynamo  tenders 15.00 

Gl  motormen  and  conductors  at  (2.00 13S.00 

IS  tons  (2,240  Iba)  coal  at  tZ.BO SO.OO 

Water,  oil  and  Brease 10.00 

Injury  to  persons  and  property 10.00 

Legai.  secret  service  and  Insurance 8.00 

Licensee   and    taxes T.OD 

General  and  miscellaneous  expense 28,60 

TMiil   operating  expense f4TS.E0 

Each  of  the  IE  trains  will  Rinka  110  miles  per  day.  Or  l.IGO  tnia 

rolles.    or    3,300   car   miles   per   day   Cor    the   line.      Hence,    divldlnB 

t4T8.50  by  3,300  gives  14  ^  eta  per  car  mile. 
The  repairs  to  the  power  plant  macMlnery,  $13  daily,  amount  to 

|4,74S  per  year,  or  less  than  B%  on  the  first  cost,  which  is  altogether 

Tlie  repairs  to  oars,  |78  dally,  amount  to  ^39,470  per  year,  or 
more  than  38%   of  the  first  cost,  which  Is  ridiculously  high. 

The  repairs  to  track,  overhead  construction  and  buildings.  |4! 
dally,  amount  to  tlT.ISS  per  year.  Excluding  the  ballast  and  pave- 
ment, the  track  materials  and  labor  coat  about  165.000.  the  over- 
head construction  cost  (16.000;  the  buUdlngs  coat  »BO.O00 ;  total 
1131.000.  Hence,  the  %n,l&6  repairs  Is  more  than  11%:  but  Iron 
poles,  flreproof  buildings  and  durable  construction  are  provided 
throughout  (except  the  ties).     Hence,  this  Item  Is  Inordinately  high. 

In  brief,  not  a  single  Item  o(  repairs  Is  correctly  figured,  and  the 
moflt  Important  Items  are  wide  of  the  truth.  Srrors  at  the  kind 
made  by  Mr.  Falrchlld  are  best  detected  tiy  expressing  the  annual 
costs  of  repairs  as  a  percentage  of  the  flrst  coat. 

Estimated  First  Cost  and  Cost  of  Operating  a  4-Track  Electrlo 
Railway — "Electric  Railway  Economics"  fl903),  by  W.  C.  Gott- 
Kchall.  contains  the  following  estimate  of  the  maximum  coit  of 
suburban  electric  rallwaj-. 


igsT  s.ioo 


RallB  (SO-lb.),  |3S  per  ton  dellv.,  and  fastenings! 

Labor    laying    track iw 

Track    bonding TBO 

2,G40  white  oak  lies  (6  x  S  ina  x  8  ft)  at  fO.TO  l.glS 

2,750  cu.  yds.  rock  ballast  at  $1.50 4.11a 

20.000  cu,  yds.  grading  at  IO.30 6.000 

Third     rail 7,000 

Copper  and  Installation  thereof i.S< 

Bridges  an"        ■        -  --  — 

Labor  and  

Power  Bttitlons  at  1100  per  kw, ;  sub-stnllons 


Bridges  and  culverts 12,000 

'  abor  and  Incidentals 400 

ower  stations  at  tlOO  per  kw, :  sub-stnllons  at 

»40    per    kw ]g,«00 


Rolling  stock  (5  mln.  headway). 
tteol  estate  and  right  of  way. . . . 
Incidentals,   Includtng  block-slgna 

Toul    $90~62S 


RAIUVAYS. 

Mr.  QottBchall  gives  an  estimate  of  the  prok 
*\  4-track  Interurban  road,  24  miles  long 
GheHtei-).  as  followH : 

9G  miles  of  main  single  track. 

124  dally  local  trains  each  way,  trains  at  1  < 

74  dallx  express  trains  eacli  nay,  trains  of 

4,600,000  car  miles  per  annum. 

2i&  dally  local  trains  Imth  ways,  49  mlns.  ei 
H  daily  expresa  trains  both  ways.  31   mln 


.New    York    t    Port 


lltn 


<  49  -7 


-  S02.5  CJ 


L  X  tO.GE  X  SAS  days  =  flO,TE2  p 

er  tor  express  trains: 

1  -^  «(l  =  lfi2.8  car  hrs.  per  day. 


1  conductor    . 


Total    

This  Is  equivalent  to  to, 40  per 
S«3  =  |22,30»  per  year. 
Train  Creva: 
Train  crews,   local  trains. . . 
Train  crewK  express  trains. 


md  total  train  c 
Cretca: 
a  using  e  n 


ilaintenc 
4, 169. TOO  c: 
car  miles. 
4,300,001)  a 


<  3E5  days  =  180,300  yearly. 

ince  tor  extra  occasions 


E%  Ot  S&,092,  flrst  -cost  of  rails  i 
6%  of  |l,B4S,  flrst  cost  of  oak  t 
i%  of  12. 700.  first  cOBi  of  rock 
I^bor  of  section  and  line  men: 

a  linemen   at    t2M. '.'.'.'.'.'.'.','.'.'. 

Total  per  day  for  IJ  ralles. . . 

114  -!-  12  X  312  days  = 

Repairs  and  renewals  ol  fences. . 
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Electric  Power: 
Weight  or  loaded  motor  car  It  estimated  to  b«: 

l:;iectrlc    equipment IT 

Total      4! 

Total    when    loaded 52 

With  S,;D8  local  car  mites  dsll}-.  at  5!  tons  per  car,  we  have 
ST0.S16  ton  miles.  At  1«D  watt  hours  per  ton  mile  (see  Table  XXVa) 
vre  have:  ISO  X  270,816  =  43. 330.580  watt  houra  per  day  for  local 
service.  In  almllar  manner  we  get  42.020,160  watt  hour*  per  day  for 
express  service;  total  S»,3nO,T!0  wait  hours  per  14  hr.  day,  or 
8E,35I  kw.  hours. 

Add :  Per  cent. 

Transmission  loss  from  main  nation  to  3d  rail. ...    18 

Hauling     cars S 

LIglilIng    cars,    eic 2 

Total  to  be  added ii 

We  have  8B,S51  +  21.3S8  -  106,689  kw.  hra.  per  !4-hr.  day.  or 
a  plant  of  4.443  kw. 

The  coBl  per  kw.  hr.  was  estimated  thus: 

Potoer  S(a(foM  Lahor:  Per  day, 

1   chief     engineer t  10.09 

It  asalsiant  engineers  at  16.00 15.00 

30  oilers   ot    »2.50 75.00 

3  switchboard  men  at  13.50 10.50 

.1  electric   helpers   at   »2.30 7.E0 

5  cleaners  al  »1.B0 9.00 

6  condenser  men  nl  83.50 15.00 

1  machinist   and   2   helpers 9.00 

S4   boiler  men   at    82,50 60.00 

1  boiler  cleaner  and  2  helpers fi.OO 

4  laborers  at   Jl.50 8.00 

Tola!   labor  ppr  day t        223,00 

Total  lalior  per  year f  81,303,00 

Fuel: 
106,681  k«-.  at  2^  l',a  coal  =  293,381  Iba ; 

therefore.   146. 6U  tons  coal  at  |2.40 t        35i.0< 

Total  labor  and  fuel  per  day I       STB. 06 

Tolal  labor  and  fuel  per  year 109,8»T.«0 

Hence :  Per  kw,  hr. 

1575  -r-  106.681  = 80.00538 

Add  for  repairs,  etc O.OOIII 

Total     .^.00650 

This  allowance  of  10.00112  per  kw.  for  repairs  of  power  station  Is 
equivalent  to  8119.60  par  day,  or  842,718  per  year.  Since  a  power 
station  and  sub-station  would  r.ot  cost  more  than  8140  per  kw..  ths 
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total  rosl  □[  pnwpr  plant  would  be  tS33.300  for  u  4.143  kw.  plant. 
Hence  tlie  14;:. 713  repairs  per  year  1b  about  7%  of  the  nrat  cost. 

The  allon-anrd  ul  2  cts.  per  car  mile  lor  mHlntenuncB  of  equip- 
ment Is  Car  too  low  for  large  blgti  speed  electric  cars  (42-Ioii).  He 
should  liave  taken  fully  10%  of  the  flrat  cost  of  each  car,  for 
annual  ropalra.  and  that  divided  by  the  annual  car  miles  would 
have  Btven  the  cost  of  repairs  per  car  mile. 

The  allowance  of  5  %  per  year  tor  renewals  of  rails  Is  excessive. 
Mr.  Gottschall  errs  seriously  In  tbls.     He  reasons  us  follows: 

The  life  rails  for  main  line  service  at  steam  railway  trunk  lines 
ts  1!  yeurs ;  but  such  a  service  Is  equivalent  to  10  years  on  a.  high 
speed  electric  line  where  heavy  locomotives  are  not  used.  Hence, 
a  life  of  20  years,  or  E%  depreciation,  for  rails  In  an  electric  line 
Is  assumed.  Hr.  Gottschall  falls  to  consider  that  when  a  mil  is 
removed  from  a  main  line  It  has  a  scrap  value  of  about  halt  Its 
first  cost.  Tills  being  so.  It  has  depreciated  only  3}/i%  per  year, 
Instead  of  the  o%  assumed  by  lit,  GottschalL 

On  the  other  hand,  the  i%  depreciation  that  he  assumes  for 
white  oak  Iks  It:  too  low.     Such  ties  will  not  last  more  than  about 

But  then,  on  the  other  hand  again,  his  aasume^  E%  annual 
depreciation  of  rock  balhuK  U  ridiculously  high. 

T*Bi.E  XXVa.— Watt  Hours  Pbb  Ton  Mile. 

Distance  Watt  hrs.  per  ton  mile  tor  schedule  speed  of 

between  40  mL      S6  mL      30  ml      2E  mL      20  mi.      13  ml. 

stops,  miles.  per  hr.    per  hr.     per  nr.     per  hr.    per  hr.     per  hr. 


Train     friction     In 

llM.    per    ton S5  30  27%  2S  20  IE 

N'ote:     1,    The  breaking  effort  or  retardation  Is  taken  at  150  lbs. 
per  ton. 

2.  The  stops  ere  taken  at  15  sees,  each,  except  tor  the  IS-mi- 
schedule,  where  10  sees,  are  taken. 

3.  A  schedule  speed  of  2t  ml.  will  require  actual  speeds  of  40  to 


5.  The  table  applies  only  to  single  car  trains.  If  more  than  o 
car  is  used,  the  train  friction  In  lbs.  per  ion  decreases,  hence  t 
electric  energy  required  decreases. 

6.  The  flgnres  are  for  the  electric  energy  required  at  the  motoi 
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Co«t  of  Power  Planti  for  Electric  R«llw«y«.—  ' Electric  BallwayB" 
(190T),  by  Sydney  W.  Ashe.  uiDlaliis  the  following  power  plant  coata 
Ur.  H.  G.  Stoll : 


Heal   eMate    

Excavation    

Foundatlona,    reclpr.    engine* 

PoundallonB.    turbines    

Iron   and   aleel   structure 

Building   

Ploora,  galleries  and  platlorma 

S.  Tutuiela;  Intake  and  discharge 

Aah-itorage   pocket,    etc 

Cool  holning  lower 

Cranea    

Coal  and  ash  conveyors 

Ash  cars,  locomotives  and  truck 

Coal  and  ash  chutes,   etc 

Water,  meters,  storage  tanks  and  mutns. . 


S4. 


Boilers     

S.  Boiler   setting    

Stokers    

Economlsers    

Pluest  dampers  and  regulators 

Forced -draught  blowers  and  air 

Boiler,   band  and  other  pumps 

Feed  water  healers,  etc 

Sleam    ami    water    piping,    traps,    separators. 

high  and  low  pressure 

Pipe    covering    C-*" 

Valves    "^O 


28,  Main  engines,   reclproealing i^OO  3**" 

Her   engines,   reciprocating 0.4O  0.7t 

I.  Condenaers,  barometric  or  Jot 100  S-B" 

.  Condensers,  surface   SOO  ^-^0 

;.  Electric   generators    li-W  2i.OO 

;.  Exciters     0"  O.SO 

im    turbine    units   complete :2-00  32.00 

..  Rotaries,   tranarormers,  blowers,   etc OSO  l-OO 

tchboards,    compkte    300  "O 

37.  Wiring  (or   lights,   motors,   etc O.IO  0.30 

38.  Oiling  system,    complete 0.15  O.JS 

39.  Compressed  air  system,   etc 0-2O  O.JO 

40.  Painting,  latKtr,  etc I--5  ^■''' 

41.  Extras     :.00  ^  0* 

42.  Engineering  and   Inspection    4-00  tfO 

Total,  excluding  Items  4.  il.  31  and  34 IIO^.OO          |148.U9 

Ur.  W.  C.  Oottscball  gives  a  similar  estimate,  as  follows: 


RBCIPBaCATi:<Cl  Stbau  Ekoinb  rowBB-STA:i'io 


Coffis  Pen  Kilowatt. 


Per  kw.— 

Max.  U 

1.  BuUdlnea    I   IE. 00  ( 

i.  Foun Jallona   "  " " 

X.  Boilers  and  seUlngs 

I.  Steam  piping  and  covering 


e.  Bnslne 


T.   Pumps,    elc 

8.  Switchboards,    etc 

lo!  Wiring    conduits,    etc... 
11.   Coal   atorags  and   convs 

13.  Smokestack  and  flues   . 

15,  fSisI  economizers 

14.  Stokers    

16.  Ash   conveyors    

16.  Incidentals    


21. 


,00 


2.00 


Total     JI3Z.S0  $78.00 

A  fair  average  Is  IlOO  to  tllO  per  kw.  The  cost  of  siib-statlons 
using  rotary  converters  will  range  from  t3S  to  )4S  per  kw.  Including 
the  building.     Land  la  not  Included  In  tbe  above  coHt& 

Cost  of  Power  Plant  and  Equipment  of  an  Electric  Railway — Mr. 
W.  A.  Blanck  gives  the  following  estimated  cost  (In  1904)  of  the 
electrical  equipment  of  a  60-mlle,  single-track.  Interurban  trolley 
railway : 

Direct         Alternating 
Pouer  House:  current.  current. 

Building   11 


Foundations    

Boilers  and  settings 

Steampipe  and   covering.. 

Qenerators.  two  -tOO  kw... 

Step-up  transformers,"  800 


2.EO0 
12.000 


12.0( 


7.E00 


Coal  storage   

Smokestack  and  flues 

Fuel    economlEers 

Stokers    

Total   power  house %: 

8ab-»tat1im  In  Power  Route: 

Building  extension    t 

Synchronous  converter.    300  kw 

Transformer,    300    kw. :    200    kw.    alternating 

Switchboard     

Incidentals    

Total    sub-!itatlon     t   1 


4,800 

3. ZOO 
Z.OOO 

i.oon 
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Tranamiaiioti  Line  (js  itlU»)t 
Poles   (see  Trolley  l-lne  Delow). 

Copper    t  10,000  t  ll.SOO 

Insulators,  pins  and  cross-arms T.SOO  5,000 

Erection    4,000  3,000 

Incidental*    1.000  1,000 

Total   tranainlBslon   line f  23,500  |  20.500 

Sub-llatlon»  Along  Soad: 

Buildings,    (our    %     S.OOO  t     4,000 

Synchronous     convcrterii.     four 19,200 

Step-down    tranatormera    12,800  8,000 

SwUchboarda,   four    S.OOO  5  20* 

Wiring    4.000  2,0O« 

Incidentals 2.000  800 

Total   4   sub-stutlona I  $(,410  %  2>.000 

Trolley  Line  ami  Feeders: 

Poles,    3,500.    at    t5 t  17,500  I   17.600 

Poles  distributed  and   set 4.000  4.O00 

Guys  and  anchors 2,000  2.000 

Brafkets    with    hangers 18.000  25,000 

Feeder,   12  rolles.  600,000  circ.  mlla 

Feeder,   48  miles.  No.  0000. 

Trolley,   120  miles.  No,  000 95,000  

Allernating  current: 

Trolley,    60  miles.  No.    00 11,500 

Feed    Insulators    2.000  

Erection    10.000  4.000 

Incidentals    7,600  4.0O0 

Total   trolley   line tH«,000  l^g.000 

Bondinff   of   Rallt: 

Both   rails  bonded t  30,000  ..    . . 

One  rail  bonded |  16,000 

Cross    bonds    2.000  1,000 

Total    bonding    of    rails t  32,000  (  Ifi.OOO 

Boiling  Stock: 
10   vestlbuled   passenger   cars,   each   with    4 

motors.  wL    30  tons |   76,000  t  BG.tIO* 

2  express  passenger  cars,  each  with  4  motors, 

wt.   35   tons 18,000  10,600 

2    baggnge   cars,    each    with    4    molora,    wt. 

30  tons   10,000  12,000 

Snow  plow  and  construction  car T.OOO  8,600 

Total     rolling    stock 1110.000  $126,000 

Suinntarj/: 

Power  house   tlO'.OOD  1106,600 

Sub-station    In  power  house 12,600  4.600 

Transmission    line    22,600  20  600 

Sob-siutlpns 54,000  20.000 

Trolley  line  nnd  feeders 156,000  T8.000 

Bonding  of   rails 32.000  18  OOO 

BollInK   slock    110,000  126. OOO 

Grand  total    |4')0.100  6371,60(1 

Cost  per  mile  (60  miles) t     5,168  S     (.193 


RAILIVAYS.  U47 

Tlie  running  schedule  upon  which  the  dbove  Is  based  [a  as 
followa:  5  local  cars  having  1-hr.  headway;  1  exprem  car,  making 
round  trip  la  3  hrs. ;  1  Irelglit  and  baxKase  car,  making  trip  be- 
tween the  two  terminals  In  S  hrs. 

Coit  at  a  Straet  Railway  Powar  Plant  and  of  Its  Opsratlon^—Mr. 
R.  W.  Conant  gives  the  following  estimated  cost  of  a  street  railway 
power  plant  and   Its   coat   of  operation : 

The  plant  has  a.  capacity  of  3,800  kw.  There  are  three  cross, 
compound  condenstng  engines,  three  1,200-kw.  generators,  and  six 
water-tube  boilers  Of  500-hp.  each.  The  estimated  coat  of  this  plant 
In  IB9S  was; 

Engines,  condensers,  heaters,  separators  and  piping |  91,800 

Feed  pumps  and  fuel  economlsers 18.000 

Boilers    and    flue    connections   complete 61,000 

Generators   and    switchboard    complete 73,800 

Building,  chimney,  engine  and  boiler  foundations,  coal  hand- 
ling   apparatus,     etc 120.000 

Land     17,000 

Engineering   and   sundries E,00O 

Total    t336,600 

This  Ib  equivalent  to  tlOT  per  kw. 

Idr.  Conant  estimates  fixed  charges  at  11%,  or  142.626,  distributed 
thus: 

Interest 6 

Insurance    nnd    taxes 3 

Depreciation    1 

Total     11 

The  Item  of  "depreciation"  Is  badly  underestlmateiJ,  tor  It  Includes 

It  Is  assumed  that  this  station  Is  operated  with  3  shifts  of  men. 
S  hrs.  per  shift,  for  8.7S0  shift  hours  per  year.  The  crew  of  one 
■liitt  would  be : 

2  englnemen. 
1  oiler. 
I  coal  passer. 

7  men  at  27  cts.  per  hr.  =  (1.89. 
The  plant  Is  assumed  to  work  with  a  load  factor  of  SShi'i.  so  that 
it  actually  averagea  1,200  kw.  for  S.TOO  hrs.,  or  10,500,000  kw.  hours 
per  annum. 

Therefore,  we  have : 

Per  kw.  hour. 

Fixed   charges.   142.520-^10,600,000 O.IOcts. 

Wages,    tl.89-7-1.200    0.18  cts. 

Coal,  2.2  lbs.,  at  tS  ton 0.33  cts. 

Oeneral  expense,  super.,  supplies  and  repairs.     0.09  cts. 

Total,  Including  Bxed  charges 0.98  cts. 

Mr.  Conant  states  that  the  fuel  cost  would  be  practically  doubled 
were  non -condensing  engines  used,  for  he  has  assumed  a  steam  con- 
sumption of  only  11%  lbs.  of  steam  per  t.  hp.,  a  transformer  etn- 
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clency  of  S0%,  and  a  l>oU«r  efflcluuT  of  B.4  lbs.  of  tteam  p«r  lb.  of 

He  calls  the  above  a  "standartl  plant"  an  ideal  capable  of  realUa- 
tlon,  nhlcb  la  exceedingly  doubtful,  honever,  aa  the  actual  records  at 
Mine  S8  street  railway  power  atBtlona  ahow. 

A  sutnraary  of  these  28  plants  gives  the  following  average: 

Average  capacity,  2.140  kw. 

Average     load  factor,  3D%. 

Average  number  men  per  ahitt,  10. 

Average  number  sMfta,  2  of  IS  hrA 

Average  wage,  20  cts.  per  hr. 

The  average  cost  Of  generating  power  Was : 

Labor,  1.5  hr«..  at  SO  eta e.SOcU. 

Coal,  G  lbs.,  at  (2.10  per  ton O.sl  eta 

General   expense    S.lGcts. 

Total,  Dot  Including  fixed  cbargea O.tS  do. 

The  'load  factor"  of  S0%  roeaoE  that  (I 
triclty  during  the  entire  year  was  30%  t 
hence  It  was  30%   of  2,140  =  642  kw. 

There  was  not  a.  single  one  of  these  28  plants  that  operated  with 
as  Utile  fuel  as  Mr.  Conant's  "ideal  plant.'  for  the  most  efficient 
plant  required  3  lbs.  of  coal  per  kw.  hr. 

The  cost  of  lal>or  per  lew.  hr.  otivlously  varies  greatly  as  the 
"load  factor"  varies.  In  one  of  these  plants  the  load  factor  was 
as  high  as  57%,  giving  a  very  low  unit  cost  (0.18  cL  per  kw.  br.) 
for  labor;  while  In  another  plant  the  load  factor  wm  only  11%, 
giving  an  extraordinarily  high  unit  cost  (1.1  ct  per  kw.  hr.)  for 
labor. 

As  above  pointed  out  Mr.  Conant's  estimate  of  hia  so-called  "fliod 
charges"  on  the  plant.  Is  entirely  too  Ion. 

Cost  of  Operating  Street  Railways.— The  most  •atistactory  records 
of  tills  sort  are  to  be  found  In  the  annual  reports  of  the  Haass- 
chuaetts  Railway  Commission.  The  reports  of  other  railway  com- 
missions are  either  less  detailed  or  relate  to  etreet  railways  that  are 
comparatively  new. 

Following  Is  a.  brief  summary  drawing  the  growth  of  street  tall- 
i^ya  in  Massachusetts. 

Miles 
Miles  of  operated 
single  by        Car  mllea.  Passengera 

trade   electricity.  mlllioBa.  Cara    muitone. 
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It  win  be  noted  that  not  till  ISSB  !lld  «lcctrlclti-  come  Into  use, 
ana  not  tui  1893  had  It  Br»cUcally  dlsclaced  horse  power. 

Note  that  Iha  mlUfiBe  oer  ear  has  hanlly  IncreaMd,  nor  the 
paseengers  per  car  mile. 

Aecording  to  Ihe  reliort  for  190S,  the  assets  ot  Massachusetts 
street  railways  were: 

Construction     %   Sa.SSi  355 

Equlpmeiit  (rolling  stock) 29,S99.1I4 

Land  and  bulldlnca 39.e63,i4i 

Other  permanent  property 1.807,999 

Cash    8,IT8,«Sa 

Miscellaneous  sMCts T,T0G.«8g 

Total  aMOU $1T0,1B*.909 

Ths  mllean  waa: 

lUlea. 

Railway  line  owned  <l>t  track) 2,2SS.85 

Hallway  line  owned  (3d  track) lit.O* 

Total  main  track  owned 2,ST4.S9 

Sldlnen.  switches,  etc..  owned ,    1S6.T0 

Total  track  owned 3.81 1,E9 

Uain  track  leased B?7.lS 

Total  main  track  operated 3,741.00 

ne  e<nUpnient  was  as  follows: 

Box  pBBsennr  cars 3.878 

Op«a  pasaenxer  cars 3.Ji3 

Total  passenger  cars 7.EI  S 

Other  service  eara 441 

Rnow    plows 779 

Other  vehicles   (wagons,  etc.) l.tSO 

Electric  motors  on  cars 1S,649 

We  see  fram  the  above  that  the  KVorlMl  coat  per  mile  of  main 
BiDgle  track  operated   was: 

CasMructlon   IS1,00B 

Bqnlpnent 11.103 

Buildings  and  land lt.5«9 

Total IB7.877 

It  Is  evident  that  no  reliance  can  be  placed  In  the  so-caHed  cost 
of  construction.  lor  II  really  represents  purchase  price  and  not 
actual  cost  of  construction. 

The  cost  of  equipment,  however,  appears  to  be  reliable,  for  It 
Indicates  a  cost  of  about  S4.000  par  car. 

There  were  17,267  employes ;  102. 100.874  passengers  were  carried, 
and  the  gross  earnings  from  operation  were  130,780,76!.  The 
number  ot  car  miles  waa  116.983,089,  or  42,700  car  miles  per  tDll* 
of  track. 

Table  XXVI  glvM  tba  operating  expense,  which  I  hava  calculated 
both  tn   terms  of   the   car  mile  and  of   the   mile  or   single  track 

The  repairs  of  cars  and  electric  car  equipment  (Items  9  and  10) 
amounted  to  t3.*>9,iG3.  Since  the  &r<  cost  nf  tba  equipment  waa 
tlB,890.S94,  It  appears  that  repairs  amounted  to  a  Iftlto  more  than 
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S%  of  the  (Irit  con.  However,  slKht  lAould  not  be  lost  ot  the 
fact  tliat  half  the  equipment  conslned  of  open  cars,  which  are 
uaed  only  hi  the  summer  and  at  a  Ume  when  the  doted  (box)  cars 
are  mostly  .Idle.  Thereforf^  the  cost  of  repairs  would  lie  nonrlj- 
double  the  8%  It  all  equipment  were  kept  constantly  buay,  making 
the  annual  cost  of  repairs  about  1S%  of  the  flrst  cost  of  Qie  active 


These  repairs  doubtless  Include  renewals. 

Unfortunately  the  cost  of  rati  renewals  is  not  Klven  ea  a  aaparata 
Item.  The  number  of  car  miles  per  mile  of  track  was  lass  than 
half  as  many  as  on  the  average  steam  i-allway  of  America. 

Item  14,  Wages  of  Employes,  evidently  refers  to  conductors  and 
motormen,  but  does  not  Include  employes  In  the  power  plant. 

Tablb  'XXVI. — OPBRArtHa  EKraNBi,  HAMAcmfSKrra  grBsrr  Rtb., 


Oeneral  Expenie: 

Salaries  ot  ofllcers f 

[penses  and  Supplies 

ixpenses 


Other  general  expenses. . 


Total  general  expense T  l,91),14a 


ltl.174 
1tl.«lT 

24S.9TS 
407.104 


Maintenance  of  Way: 

6.  Repairs  of  roadbed  and  track. 

7.  Repairs  of  electric  line 

8.  Repairs  ot   buildings.. 


Total  maintenance  ot  way %  l.SCl.Tgl 

Ualntenance  of  £iiul))meit(.- 
S.  Repairs  o(  ears t  1,1S7,880 

10.  Repairs  of  electric  car  equipment 1.271, ST3 

11.  Repairs  of  miscellaneous  equipment..  75,114 

12.  Provender  and  stabling Ee,OZl 

Total  maintenance  ot  equipment. . .  -t  3,660,308 

Tranifortation  Expenie: 


Electric  motive  power -.. 

Wages   of   employes 7,0' 

Removing  snow  and  Ice.... 

Damages    for    Injuries 

Tolls  for  trackage  rights 

Rents  of  buildings,  etc. 

Other  transportation  expense. 


7,04S,!7T 

1,001 

ST.Olt 

16 

710,flOB 

HO 

*ii.2io.iei 

15.117 

Power  to  Operate  Street  c«ri.— The  following  data  relate  to  amall 

Ths  record  of  power  contumed  on  an  electric  street  railway,  tor 
the  year  189G,  la  as  follows: 

Tons   (i,2tl)  lbs.)   coal 19,172 

CoT-mlles,    motor    cur 5,677,681 

Car-miles,    trailer    car 6B4,B5T 

Car-tnliea,   total    6,431,838 

Car-miles,  motor  car  per  day 120 

Coal  per  motor  car-mile,  lbs. 7.8 

Coal  per  car-mile.  Iba i.9 

PasBengeri  per   car-mile t,l 

Ton-miles   (2.000  lbs.),  passengers  at  140  Iba....  1,S10,03S 

Ton-miles  (2.000  Iba),  motor  car  at  B%  tons 36,900,873 

Ton-milea   (2,000  Iba),  trailer  at  2ti    tons 1.645,140 

Ton-miles    (3,000   lbs.),  total 40,356,046 

Coal  per  ton  mile.  lbs. 1.08 

Engine   hours    25,183 

Blec.  horsepower  hourk.  total lB,30S,25t 

Watt  hours,  per  motor  oar-mlle 2.032 

Watt  hours,   per  ton-mile 288 

Watt  hours,  per  pound  of  coal S66 

Coat  per  electric  horsepower,  lbs. 2,81 

Watts  per   motor   ear-mile 16,562 

Effort  per  ton-mile,  foot-pounds 103.420 

Average    pull     per    ton I9.S 

Schedule  speed,  miles  per  hour 7.37 

The  "average  pull  per  ton"  Is  calculated  from  the  consumption  ot 
electricity,  and  not  by  dynamometer  lest. 

Coat  of  Operating  an  Elevated  Electric  Railway,— "Electric  Rail- 
way Economics"  (1903),  by  W.  C.  Oottschall,  contain*  the  followlDK 
actual  cost  of  operating  an  elevated  railway  In  a  large  city,  operat- 
ing electric  cars  at  a  scheduled  speed  of  IS  miles  per  hour.  The 
age  of  the  cars  la  not  given,  hence  no  sound  conclusions  can  be 
drawn  from  these  data  as  to  equipment  maintenance : 


1.  Train  crews,  telegraphers,  couplers  and  yard  men }0,OS37 

2.  Station  men,  agents,  porters  and  laborers O.OOTS 

3.  Maintenance   and   upkeep   of   cars,    trucks   and   motive 

power    0.0125 

4.  Repairs  of  elevated  structure  and  roadway 0.0065 

5.  Electric  power   0.0123 

6.  Miscellaneous  expenses,  supplies,  etc 0.0021 

7.  (j«neral  expenses,  salaries,  etc 0.0084 

Total 10.0727 

8.  Legal  expenses  and  Injuries O.0O5) 

9.  Taxes    t O.OOBB 

Grand  total 10.0845 

The  power  was  S  kw.  hra  per  car-mile  at  the  central  station. 
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Ptwtr  to  Oparata  N*w  Vork  ElsvaUd  and  Surface  Cars.— Id  Man- 
battan  elevated  lallnaya  It  la  CRtUnated  that  tlie  electric  oowtr  con- 
Bumed  per  loaded  car  la  as  follows : 

Sv.  per  car. 

Operating  (current  meamired  at  the  car) 11.9 

UeatlnE  (current  meaaured  at  the  car) t.B 

Lt^Ung  (current  measured  at  the  car) 1.S 

Air  ptunps  (current  measured  at  the  car) ••• 

Total   (current  measured  at  the  car) IT.! 

Une  loas   I.I 

Qrand   total  at' the   switchboard ...■■     tG.T 

On  the  surface  lines  In  Manhattan  about  It  kw.  p«r  eftr  bi  sum' 
mer,  and  SS  lew.  In  whiter,  la  required. 

The  power  required  at  the  switchboard  to  drtve  £14  elevated 
motor  car*  and  I.i-IT  surtnce  cars  In  Brooklyn  was  determined  to  be 
as  follows: 

— Kw.percar.— 
Surfaoa      Derated 

Operation    IE.)B  tt.SS 

Heatlnc    S.tO  S.tS 

LiKhtInK    I-l»  1-10 

Total    Z&ll  4I.S9 

Weight  and  powar  of  Motor  Cara^-In  Um  early  daya  of  electric 
rallwaya  snuatl  motor  cars  with  bodies  only  IS  or  IS  ft  long  and 
with  two  15-hp.  inutors  were  common.  Such  o»f»  are  still  com- 
mon In  Ihe  smaller  towns  and  clllea,  and  are  not  aatlrdT  out  of 
use  even  In  the  larger  citias. 

A  IaT«B  city  car,  30  tons,  with  double  truclm  equipped  with  four 
4l)-hp.  motors  (ICO-hp,  tolal).  and  seating  H  people,  la  now  the 
standard  for  heavy  city  traffic. 

Intenirban  chib  vaiy  conalderably,  but  Die  foUowlna  Is  fairly 
typical:  Car  B9  ft.  IcinK.  seating  42  people,  double  tinicks.  welxha 
S4  tons.  Is  ixiulpped  with  four  IS-hp,  motors  (SOe-hp.  total),  and 
malnlalna  a  schedule  speed  of  30  miles  per  hour. 

Cost  of  Maintenance  of  Motor  Cars.— Althoush  couelderable  has 
been  published  on  thia  subject,  very  little  of  value  has  thus  tar 
appeared.  The  reasona  why  the  dnta  are  unsatisfactory  are  tbeae: 
(1)  The  age  of  the  cars  la  not  fflvan.  ObvIouBly  new  cars  entail 
much  leas  expense  (or  repairs  Ihan  old  cara  (3)  The  flrat  coal  of 
the  cars,  the  size  of  the  motors  and  the  alie  of  the  cars  are  not 

Pending  further  Information.  I  recommend  eatlmatlng  ths  annual 
cost  of  repairs  of  motor  curs  duel,  motors)  at  12%  ol  the  &i«t  cosL 

It  a  large  motor  car  coats  tT.GOO,  the  average  annual  maintenance 
aver  a  long  period  of  years  (20)  would  then  t>e  tSOO.  If  tba  ear 
travels  tO.OOO  miles  per  year.  Its  maintenance  will  then  tM  >  Cta.  per 
car-mile. 

M  the  lite  of  a  car  Is  2S  years,  and  no  sinking  fund  Is  established, 
renewals  t>elng  paid  for  annually  as  they  become  necessary.  th«i 


4%  ot  the  first  coat  wlH  be  the  average  annual  expenditure  for  re- 
nenala  when  dlBtrlbuted  over  a  lone  term  ot  yoara  Renewala  (i%) 
being  M  as  mucb  as  currmt  repairs  (12%),  wo  huva  1  c(,  per 
car-mile  (or  renewaU  ol  a  }T,500  motor  car.  making  a  total  of  4  tis. 
par  car  mile  for  repairs  and  renewals  ot  a  |7,600  car,  irhen  dis- 
tributed over  a  long  term  of  yeara 

In  190!  the  repairs  and  renewals  of  street  carl  In  Maseachusetts 
were  1.6B  cts.  per  car-mllo,  and  the  first  cost  of  the  average  car 
-was  13.000.  If  the  cost  had  been  fT.GOO,  as  above  assumed  for 
large  cars,  we  should  have  S^xl.flS  =  4.12  eta  per  car-mile  for 
repairs  and  renewals.  This  makes  an  excellent  chectt  upon  my  esti- 
mate of  16%  of  the  first  cost  for  repairs  and  renewals  o(  equip- 
ment It  wuH  about  1883  that  electric  lines  began  to  be  built  In 
Massachvsetla,  so  that  repairs  and  renewals  df  equipment  24  years 
later  (tSD2)  are  a  fair  Index  of  what  may  be  expected  In  the 
tuture.  Repairs  and  renewala  of  equipment  per  car-mile  may  rise 
Still  higher  In  Massachuaetta.  even  with  cars  of  the  present  cost, 
lor  the  mileage  of  street  railways  doubled  about  every  six  years 
between  1S90  and  1902. 


The  cost  of  maintenance  of  the  power  plant  should  be  estimated 
In  a  manner  analogous  to  the  foregoing. 

Railway  Operating  Expsnaei,  Etc. — The  annual  reports  of  the 
Interstate  Commerce  Commission  and  the  reports  of  the  various 
state  railway  commissions  contain  valuable  data  on  operating 
expenses. 

The  Allies  of  Imckina!/  Ini^lude  all  1st.  2d,  3d  and  4th  tracks  and 
amounted  to  243,322. 

The  milei  of  roadbfil  (or  "line")  include  only  1st  trftck,  and 
amounted   to   222.140. 

The  flitles  of  track  Include  all  tracks,  main,  branch,  side  and  yard, 
and  amounted  to  3 IT. OK 3. 

There  are   nearly   1.13   miles  of   trucK   per   mile  o(  roadbed   In 


According  to  the  report  of  the  Interstat«  Commerce  CammlsBlor 
for  the  year  190S.  the  following  was  operating  expense,  given  (oi 
each  Item  as  a  percentage  of  the  total : 

Maintenance  of  Way  and  Structures:        Percent. 

1.  Repairs  ot   rondwny 10.726 

2.  Renewal    of   rails    1,432 

3  Renewal  ot  ties 2.609 

4  Repairs  and  renewals  of  bridges  and  culverts     2.207 
G    Repairs    and    renewals   of    fenrea  and    road 

crossings,  signs  and  cattle  guards 0.413 

(    Repairs  and  renewals  of  bidfs,  and  flxtures     1.304 

7.  Repairs  and  renewals  of  docks  and  wharves     0.241 

8.  Repairs  and  renewals  of  telegraph 0.IT7 

B.  Btatlonery  and  printing 0.030 

le.  Other  «xpensea 0.BS7 

Total   20.298 
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Maintenance  o(  E^julpment; 

11.  SuperlnleniJencc    ..      0.B61 

12.  Repajm  "-"i  renewals  of  locomaUvos 8.080 

)S.  Repalra  and  renewalB  of  passenger  cars I.3C8 

14.  Kepalrs  and  renewals  of  freight  ears 9.009 

15.  Repairs  and  renewals  of  work  cars 0.26S 

IS.  Repairs  and  renewals  of  marine  equipment. .  0.232 

17,  Repairs    and    renewals    of    shop    machinery 

and   tools O.SfiS 

1 8.  Stallonery  and  prlntlnK D.D<T 

IS.  Other  expensea 0.ES3 

Total 1I.ISS 

Conducting  Transportation: 

20.  Superintendence   I.77» 

21.  Enrlne  and  roundhouse  men 9.27B 

82,   Fuel  for  locomotives ll.IH 

23.  Water  supply  for  locomotives O.SSO 

24.  Oil,  tallow  and  waste  for  locomollVES 0.386 

25.  Other  supplies  for  locomotives O.'SO 

2«.  Train  service S.S7S 

27.  Train  supplies  and  expenses 1.5SI 

28.  Switch,  llag  and  watchmen 4.35T 

29.  Telegraph  expenses 1.7B1 

30.  Station   service S.aOT 

31.  Station   supplies 0.611 

32.  Switching    charges— balance 0.29J 

31.  t^ar  per  diem  and  mileage— iKilance 1.231 

34.  Hire  of  equipment 0.201 

3^.  Loss  and  damage 1.375 

36.  Injuries  to  persons 1.IS9 

37.  Clearing  wrecks n.?00 

38.  Operating  marine  equipment 0.685 

39.  AdvertiBln«    .  ., 0.4E! 

40.  Outside    Hgenclea 1.353 

41.  CommlBSionB    ft,01T 

42.  fitoch  yards  and  elevators 0.05B 

43.  Rents  for  tracks  and  yards. 1.751 

44.  Rents  of  other  buildings  and  other  properly  0,3!4 

45.  Stationer;  and  printing 0.629 

46.  Other  expenses 0.24S 

Total    54.111 

General  BxpenaeB: 

4T.  Salaries  ot  general  ofltcei O.SEt 

48.  Salaries  of  clerks  and  attendants 1.3Tt 

49.  General  oOlce  expenses  and  supplies 0.SI3 

BO.  Insurance  O.lSl 

51.  Law  expenses 0.4S> 

B3,  Stationery  and  printing  (g.  o.) O.lgl 

53.  Other  expenses O.30* 

Total    S.STf 

Grand  total  (per  cent) 100.000 

Grand  total tl.B3S.404.SgG 

e  coat  of  operating  expense,  repressed  In  I'arlous  units,  «m 


r  car  mile    (approximately) 0.0833 

r  mile  of  roadbed  (line) 6,S9« 

r  mile  of  trackway 6.1M 

r  mile  of  tracli 4,83< 


By  multiplying  the  perrentage  given  for  any  Item  tn  the  table  of 
operating  expense  by  any  ot  the  above  unit  coBta  o(  oper&tlon.  the 
coprcBpondlng  item  unit  cost  la  obtulned. 

Thua,  Item  22.  Fuel,  la  11.119%.  The  total  operatlQE  expense 
per  train  mile  Is  11.37.  ^ence  11-31  x  11.11>%  =  tO-lG^S  per  train 
mile  (or  fueL 

Thus.  Item  i.  Removals  of  Ralla,  la  1AS2%.  The  total  operating 
expense  per  mile  of  trackway  Is  |e,303.  Hence  16,808  X  1.4S2%  = 
(90.21  per  mile  of  trackway  for  rail  renewals 

In  190B,  the  total  equipment  of  American  railways  was: 
Locumotlves ; 

Passenger 1S,!19 

Freight   29,Sia 

Switching   8.486 

Unclasalfled    1,080 

Total  locomotives  In  service Bl.tTS 

Paasengcr 43.261 

Freight    1,8S7,S14 

Company   sen'Ice T8,T36 

Total  cars  In  service 1,958,912 

It  will  be  noted  that  there  were  3,15  paSMriKer  cars  per  passenser 
locomotive,  and   61.6   freight  cars  per  freight  locomotive. 

The  above  doea  not  Include  freight  cars  owned  by  private  com- 
,  panics,  on  which  the  railways  pay  a  mileage,  the  value  of  which 
Is  estimated  to  be  172,000.000.  Nor  does  It  Include  cars  owned 
by  the  Pullman  Co.,  estimated  at  t&l. 000,000.  If  the  average 
freight  car  owned  by  private  individuals  la  worth  tl.OOO,  there 
would  be  alKiut  T2.000  of  them.  If  the  average  Pullman  la  valued 
at  110,000,  there  would  be  G.OOO  of  them.  These  numbers  Would 
Increase  the  number  of  freight  cars  above  given  by  alMiut  4%,  and 
would  Increase  the  numt)er  of  passenger  cars  by  about  12%. 

The  average  weight  of  the  locomotives  (exclusive  of  lender)  Was 
66  Ions,  of  which  64  tons  waa  on  Ihe  drivers.  The  average  tractlva 
power  was  24,300  lbs. 

The  classification  of  freight  cars  was  as  follows; 

Bojt    cars 843,118 

Flat   cars 146.908 

Stock   cars 64,202 

Coal  cars 186,717 

Tank    cars B,J24 

Refrlgerntor  cars SI. 782 

Other  cars 66,684 

Total   UIMIB 
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Per  day. 
D  caaanU   oScera ',. 

b  ocher    officers 5. 

0  general  office  clerka 


Total 
per  yew. 


iwltch   tendera,   crossing   tenders  and 

18.090  telCKrapti  opemlora  and  dispnlcliers. . . 
"  "■ '   Jmployea — aectR.  fioatlng  equfpnienl. . 


111.524, GS4 
2I.G13.6T1 
112,1>S,!14 


i.52i,3sa     Total  fsoMDi.esa 

By  multlplylDg  the  average  ilally  wage  by  the  total  number  of 
meD  tn  each  clasB  and  dividing  Uili  product  In  the  total  annual 
pajrment,  the  average  number  of  days  vorked  can  be  aacertalned. 
For  all  except  "general  afflcers"  (240  days),  and  for  "other 
trackmen"  (2T0  days),  the  average  ie  close  to  SIS  dayi.  Tlie 
average   employe   received   nearly   (SOO  per  year. 

In  the  case  of  trainmen,  it  must  be  remembered  that  the  wbes 
slinwn  Is  not  the  true  average  dally  Income,  for  they  ore  usually 
patd  on  an  arbitrary  basis,  say  100  mliea  at  run  conatltuUnE  a 
day's  work. 

The    following    Is   a   summnry    of    the    service   performed    by   the 
railways  according  to  the  1908  report. 
1.  Piiaaengers   carried _^  ISJ'SiS'llf 

3.  Passenger  train  miles 

4.  Pnssengers  per  train,  average 

^,  Passenger's  Journey,  miles 

7:...i_i.,    . —    — ...J. —  those  received  from  c 


1T9.03T.6S1 
31.54 


S1MIT.S6I.I41 

H.  Freight,  ton  miles  per  mile  of  roadbed »8S.401 

9.  FreiKht,    train   miles 894,008.825 

1 0.  Freight,  car  miles 1*,S8*,VG8.0£< 

11.  Freight,   tons  per   train 314.4 

12.  Freight,  average  haul,  regarding  all  railways  as 

one  system,  miles 140.) 

13.  Total  revenue  passenger  and  freight  train  miles..  I,10S,8TT,OS1 

Item  IS  would  be  the  sum  of  Items  3  and  9,  were  tt  not  that 
there  were  also  miited  trains  (passenger  and  frel^t  camblned). 

It  will  be  noted  that  the  number  of  passenger  car  mllee  Is 
not  given,  but  It  can  be  closely  approximated,  aa  foUowa: 


RAiUVAYS.  14J7 

I>[vldlnE  the  12,I«S  pssBenger  i>ara  by  the  12,240  patsenKer 
locomntlree,  we  Hud  there  were  S.4E  peBBsDger  cars  per  pawenger 
locomotives. 

Hence  multiplying:  the  4T9,03T.&G3  passenger  train  mllee  br  3.4S, 
we  have  1.612.S78.5SB  passenger  car  miles.  This  asBumptlon  Implies 
that  there  would  be  as  many  passenger  cars  as  locomotives  In  the 
shops,  or  otherwise  Idle.  The  Pullman  sleeping:  qotb  are  not  In- 
eluded  In  the  above,  and  as  we  liave  seen,  they  vould  add  about 
12%  to  the  total  number  of  passenger  can.  On  this  assumption,  the 
total  number  of  passenger  car  miles  would  be  about  l.gOS.iOO.OBD. 

If  we  recard  a  locomotive  and  Its  t'>nder  as  equivalent  to  two 
cars,  multiplying  the  total  train  mllea  by  2  gives  ut  the  locomotive 
and  tender  car  mllea. 

Hence  we  have ; 

Freight  car  miles 1S,6B9,9S8.(1!4 

Passenger  car  miles 1. 8*6,2 00.0 00 

Total  car  miles 18.398,158.024 

Locomotive  and  tender  miles 2.211. T54. 182 

Total  car  and  engine  miles S0.60T,912,2DS 

Since  there  were  243.322  miles  of  tradtway.  we  have  iQ.S0T,912.200 
■¥  243,222  =  84.700  cars  per  year  paasinK  over  each  mile  of  Crack- 

The  Importance  of  this  deduction  will  he  seen  when  ne  come  to 
consider   the   wear   of    rails. 

If  we  divide  Item  13  (Che  total  train  miles),  by  the  243,322  miles 
of  trackway,  we  have  4,G40,  which  Is  the  number  of  trains  per 
year  per  mile  of  trackway.  I(  we  divide  this  4.540  by  3iii  (the 
number  of  days  In  a  year),  we  have  a  little  more  than  12,  which 
Is  the  numtier  of  trains  per  day  both  ways,  or  6  trains  per  day 
each  way  on  each  trackway. 

If  we  divide  ie.5S9,958.024  (the  numher  of  freight  car  miles) 
by  694, DOG, 825  (the  number  of  freight  train  miles),  we  get  nearly 
28,  which  Is  the  average  number  of  freight  cars  per  freight  train. 

We  have  seen  that  there  were  about  3.6  passenger  cars  per 
passenger  train,  plus  nearly  O.S  Pullman  car,  or  a  total  of  4  cars 
per  passenger   train. 

Since  about  4G%  of  the  trains  were  passenger  trains  and  EG% 
freight,  the  average  of  both  passenger  and  freight  trains  was  about 

Dividing  E94.0OG.g2S  (the  freight  train  miles)  by  19,849  (the 
number  ef  freight  locomotives).  W«  get  nearly  20,000  miles  per 
freight  locomotive  per  year.     This  Is  not  quite  SS  mtles  per  day. 

Dividing  4T9,D3T,S53  (the  passenger  train  miles)  by  12,249  (the 
number  of  passenger  locomotives),  we  get  nearly  40.000  miles  per 
year,  or  not  quite  110  miles  per  day.  The  average  of  both  freight 
and   pasenger  locomotives  was  about  2E,I>00  miles  per  locomotive 
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there  were  about  62  —  38  =  8*  freight  care  not  movlne  In  trains, 
or  about  31  -^  62  =  G5%  of  the  car  time  was  Epent  on  Bldings 
and  In  yards  not  attached  to  a  locomotive. 

ir  46%  of  the  time  waa  spent  moving  with  a  freight  locomotive, 
and  U  (as  we  have  aeen)  a  freight  locomctlve  averaees  55  miles 
per  day,  then  5B  X  46%  24.75  mllea  were  averaged  per  freight  car 
per  day.  This  may  be  arrived  at  with  greater  accuracy  Ihua; 
16.588,868,000  (freight  car  miles)  divided  by  1,9S8,912  (freight 
cars),  gives  nearly  S,160.  which  la  the  car  miles  per  car  per  year, 
which  Is  equivalent  to  23,'i  car  miles  i>er  day.  This  checks  very 
well  with  the  approximate  method  first  given.  That  method  Involved 
the  assumption  that  time  lost  during  shop  repairs  Is  the  ^>me  for 
freight  cars  as  for  locomotives,  which  Is  not  quite  true,  since  about 
5%  of  the  total  freight  cars  and  8%  of  the  total  locomotives  are 
constantly  In  the  shops.  It  atao  Involved  the  assumption  that  there 
are  not  more  locomotive  crews  than  locomotives,  which  Is  not  far 
from  correct,  since  there  were  68,855  englnemen  to  operate  the 
61,672   locomotlvea 

The  average  haul  of  a  ton  of  freight  was  241  miles,  which  would 
take  nearly  lOi^  days  at  23.!  miles  per  day,  including  time  spent 
In  yards  and  sidings,  loading  and  unloading;  but,  since  46%  of  the 
time  <as  we  have  seen)  was  spent  on  the  road.  114  ^aj's  "t  car 
time  were  siient   on   the  road   traveling  and   6   days  on   the  side 

The  empty  freight  car  mileage  was  31.2%  of  the  total  freigbt  car 
mileage. 

Since  the  average  number  of  tons  per  freight  train  was  344.  and 
since  there  were  28  cars  per  freight  train,  the  average  carried  by 
all  cars  (loaded  and  empty)  was  344  4-  38  =  12.3  tons  nearly,  ^nce 
6S.8%  were  loaded  cars,  the  average  loaded  car  carried  12.3  -t-  (S.8 


The  Income  wao: 

Passenger  revenue   t    610,032,583 

Mali   47,871.463 

Bxpres 61,010,830 

Other  earnings,  passenger  servUe 11,314,237 

FTel^t   revenue    1,640,386,665 

Other  earnings,  freight  service 5.646,23: 

Other  earnings  from  operation £8,741,188 

Unclassified   263,888 

Total  eamlnga  from  operation 82,326,766.167 

Income  from  other  sources 256.638.681 

Total  earnings  and  Income t2.5S!.404,T5S 


CanalderInK  all  the  railways  as  one  system,  ne  liave  the  following 
Income  account: 

Earnings   (rom  operation $2,325,165,161 

Clear  Income  from  investments 60,520,306 

Gross  earnings  and  Income 62.386,285.473 

Operating  expense  (Incl.  leased  lines) 1,637,448,702 

Net  earnlngH  and  Income t  848,836,771 

Net  Interest  on  funded  debt |  305.337.764 

Interest  an   current  ilabiilties 11,653,076 

Taxes   74.786,616 

Total  fixed  charges  and  tavcs |    391,776.446 

Balance   available    for    dividends I    467.060,326 

Net  dividends I    213.655,081 

Balance   available   adjustments   iind    Im- 
provements  t    243,50i.2JG 

The  revenue  per  train  mile  was: 

All  trains »!.0TS 

Passenger  trains    1.203 

Freight  trains 2. SOS 

The  average  freight  revenue  was  0.748  ct.  per  ton  mile.  The 
uverage  passenger  revenue  was  2.003  cis.  per  passenger  mile.  The 
operating  revenue  per  mile  of  roadbed  was  110,460.  The  operating 
expenses  were  66.08%  of  the  operatlni;  Income. 

Average  Life  of  Ralls  and  Cost  of  Rail  Rsnewals.— In  determin- 
ing the  annual  deprtclatlon  of  rails  njbject  to  a  given  trafflc  I  made 
the  following  analysis  for  the  Railroad  Commission  of  Washington. 

The  average  cost  rail  renewals  in  the  United  States  was  |T5  per 
miles  of  trackway,  or  |S2  per  mile  of  roadbed,  or  t6S  per  mile  of 
track,  as  deduced  from  the  1D04  report  of  the  Interstate  Commerce 
Commlsston.  The  mile  of  trackway  is  the  preferable  unit,  tor  It 
represents  the  mile  of  Ist.  2d,  3d  and  4th  track.  Naturally,  the 
wear  on  rails  in  side  tracks  Is  almost  inslgnlllcant. 

If  the  annual  rati  wear  Is  ITS  per  mile  of  trackway,  it  remains 
only  to  know  the  average  cost  of  a  mile  of  rails  to  arrive  at  the 
percentage  of  annual  renewala  The  weight  of  rails  In  the  average 
track  Is  about  as  many  pounds  per  yard  of  rail  as  the  weight  In 
tons  of  the  average  locomotive. 

In  1304  the  average  locomotive  weight  was  60  tons,  and  It  Is 
reasonable  to  suppose  that  the  average  weight  of  rail  was  not 
much  In  excess  of  100  tons  of  rails  Der  mile  of  track. 

Now,  if  we  can  ascertain  the  average  cost  of  a  ton  of  rolls 
delivered  to  the  distributing  point  of  the  average  railway,  we 
shall  ba  able  to  estimate  the  value  of  a  mile  of  rails  in  the 
average  track.  To  determine  the  "center  of  ifravlly"  of  the  railway 
mileage  of  America,  1  assumed  that  the  center  of  each  state  would 
represent,  with  sufllclent  accuracy,  the  "center  of  gravity"  of  the 
railway  mileage  of  that  stata  To  ascertain  the  "center  of  gravity" 
of  the  total  mileage,  co-ordinate  axes  were  drawn  and  the  distances 
(rom  theae  axes  to  Ehe  center  of  each  state  were  measured. 

The  abscissas  and  ordlnates  thus  obtained  were  multiplied  by 
their  respective  mileages  of  railway  line.     The  sums  or  these  prod- 
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uctB  were  dhided  b7  the  total  mneage  ot  all  llnea.  and  the  qoMlAiiti 
were,  of  course,  tbe  absclBsa  and  ordinate  of  the  '■center  of  grtcrity" 
o(  the  entire  railway  mileage.  Thti  wsa  tonnd  to  tM  M  a  point 
not  tar  north  of  St.  Loula,  Mo. 

The  practice  of  railways  hae  been  to  cbarge  ^  ct.  per  too 
mile  for  freight  on  ralla,  so  that  tn  tbe  pear  1904,  frelstit  to  the 
"center  ot  gravity"  of  railway  mlleoge  could  not  have  co«  niuch 
to  exceed  IS  per  ton  from  PltUburg,  or  fl.EO  from  Chicago.  The 
otandard  price  of  ralla  was  |2g,  *o  ilie  total  coat  dettvered  wai 
not  to  exceed  Ml  Per  ton,  and  doubtless  averaged  less  than  flO. 
As  a  matter  of  fact  rails  cost  the  Northeni  PaclHc  and  the  Qreal 
Northern  less  than  tZ9'E0  per  ton  delivered  at  Bt  Paul,  at  tmt  Uroe. 
•o  that  we  are  safe  In  saying  that  the  average  cost  of  rallE 
delivered  to  the  average  railway  dlatrlbutlng  point  was  not  far 
from  }3D  per  ton.  Hence  enough  new  mils  for  an  average  mile  of 
track  (100  tons)  cost  about  tl.OOO.  Since  rail  renewals  actually 
cost  |T5  per  mile  of  trackway,  we  we  that  rati  renewala  cost 
2W%  of  the  value  of  the  rails  In  a  mile  of  trackway.  This  Is  on 
the  assumption  that  renewals  ot  rails  In  side  trscks  was  a  coim- 
paTatlrcly  Inslgnlllcant  Hem,  which  Is  practically  so. 

It  must  not  be  hastily  assumed,  however,  that  the  tUe  of  the 
average  rail  Is  40  years,  tor  the  fact  ts  that  It  Is  less  than  half 
thnt.  The  |7S  per  mile  ot  trackway  represents  cost  of  new  rails 
tnfniia  the  tcrap  vahir,  or  reJaifing  value,  of  tke  oJif  roUi.  There  la. 
at  present,  no  means  of  knowing  ejtaclly  what  the  practice  of  all 
railway  companies  ts  as  to  the  credit  given  on  their  books  for  the 
rails  that  are  replaced,  but  It  Is  certain  that  an  old  rail  Is  worth  at 
least  Its  scrap  value  at  the  mills  less  the  freight  to  the  ralDa,  or 
ttbout  tl2  per  ton.  As  a  matter  Of  fart,  relaying  rails  are  worth 
considerably  more,  and  since  many  old  mala  line  rails  are  used  for 
branch  lines  and  particularly  for  side  tracks.  It  Is  evident  that  the 
credit  given  to  old  rails  will  somew1i:tt  exceed  (12.  FnHn  study 
of  the  accounting  practice  of  several  large  railways,  I  concluded 
that  tl5  per  ton  would  be  not  tar  from  the  average  credit  Hence 
the  net  cost  ol  the  new  rails  (after  deducting  the  credit  for  the 
Old  rails  replaced)  would  be  tlG  per  ton:  and,  since  the  annual 
roll  renewals  averaged  t'E  per  mile  of  trackway,  there  would  tie 
S  tons  of  new  mlts  laid  per  mile  per  annum,  Henco  hi  a  track 
averaging  100  tons  ot  rails  per  mile,  this  would  mean  E%  renewal; 
every  year,  or  a  rail  life  of  20  years  In  the  main  and  branch  line 

It  Is  obvious  that  rail  wear  depends  upon  the  density  of  trelDc. 
In  19111,  there  were  829,500  tons  of  freight  oarrled  ov«r  each  mile 
of  roadbed,  or  71«,SO0  tons  per  mile  ot  trackway.  There  Were  4,J70 
trains  that  Piifsed  over  each  mile  ot  trackway,  or  titarly  II  trains 
per  day,  ct  which  63%  were  freight  *t%  passenger  and  1%  mixed 
trains.  It  we  count  an  engine  and  Us  tender  as  eqalTatent  to  two 
cars,  there  were  78,B40  cars  passed  over  each  mile  o(  trackway 
during   the   year. 


should  carry  300,000  to  500,000  trains  (of  GOO  tona  each)  bctora 
replacement.  With  4,ST0  trains  per  year  (the  average  of  the 
tl.  a.  In  1904).  Welllncrtoti'B  rule  would  Indicate  a  rail  life  of 
100  years!  This  Is  at  least  Ave  times  the  actual  life  ol  20  years 
above  shown.  As  I  have  shown  on  page  1402,  about  22%  of  the 
average  railway  line  Is  curved.  Bven  aSBumlng  that  the  average 
curve  Is  as  sharp  as  8°.  which  Is.  of  oourse,  far  sharper  than  the 
averase.  and  that  a  B%  curve  Increases  the  wear  100%.  we  see 
that  the  Increased  wear  due  to  curves  would  be  only  iZ%  of  100% 
=  22%  greater  than  If  the  entire  mlleaKo  of  track  were  tangent. 

Port  of  Wellington's  error  arises  from  the  assumption  that  a 
rail  bead  can  lose  half  Its  weight  before  renewal  of  the  rail  la 
necessary.  As  a  matter  of  fact.  Northern  Pacific  tests  have  shown 
that  not  more  than  one-quarter  of  the  weight  of  the  head  Is  lost 
before  renewals  are  made.  On  an  SO-lb.  rail,  this  would  meiin 
that  when  about  10%  of  Its  entire  welaht  Is  lost  by  abrasion, 
the  rail  la  untlt  tor  further  economic  service,  except  In  sidings 
and  the  like.  Wellington  was  also  misled  by  a  belief  that  pre- 
vailed In  the  early  80's  that  a  steel  rail  would  last  many  times  as 
long  as  an  Iron  rait,  a  belief  which  Was  much  too  ODtlmlstlc,  as 
subsequent  events  have  proved. 

In  selecting  a  proper  unit  In  which  to  measure  rail  wear  there 
has  been  much  dlsDute.  Wear  may  be  measured  In  three  ways: 
(1)  In  terms  of  the  number  of  tone  of  gross  weight  tliat  pass  ovar 
the  rail  before  It  Is  worn  out ;  (2)  In  terms  of  the  number  of  trains ; 
or  (3)  In  terms  of  the  number  of  cars.  Wellington  favored  the  train 
as  the  unit,  for. he  says:  "The  locomotive  alone  causes  hy  far  the 
greater  portion  of  this  wear."  He  cites  the  opinion  of  Launhardt,  . 
a  German  writer,  to  the  effect  that  the  engine  causes  fully  half  the 
wear — a  conclusion  apparently  based  upon  nothing  but  theory. 
He  also  cites  some  theoretical  deductions  of  Mr.  O.  Chanute.  In 
brief,  there  was  even  then  no  real  evldonce  to  prove  the  contention 
that  a,  locomotive  causes  as  much  wear  ns  the  rest  of  the  train.  At 
present,  when  wheel  loads  on  the  largi'Bt  freight  cars  equal  those 
on  the  average  locomotive,  the  argument  that  a  locomotive  causes 
half  the  wear  on  a  rail  Is  manifestly  i.bsiird. 

I  am  satlsBed  that  rail  wear  Is  not  n  function  of  the  number  of 
gross  tons  carried,  nor  of  the  number  of  trains,  but  of  the  number 
of  cars  that  pass  over  the  rail.  Nor  do  I  think  that  the  weight  on 
the  wheels  Is  a  very  material  factor  In  the  conse  of  wear.  Rail 
wear  on  tangents  la  due  mainly  to  the  grinding  of  particles  of  grit 
and  steel  between  the  wheel  and  the  rail.  The  abrasion  due  to 
any  grinding  action  Is  by  no  means  proportionate  to  the  pressure. 
In  sawing  wood  the  weight  of  a  cross-cut  mvr  Is  sutflclent  to 
produce  rapid  abmslon  of  the  woo<I,  and  nothing  whatever  la 
gained  by  bearing  down  on  the  saw.  So.  too,  in  cutting  stone  with 
grit  or  chilled  shot,  a  comparatively  light  pressu^  is  quite  aa 
effeotive  in  abrading  the  stone  as  la  a  heai'y  pressure:  It  should  bo 
remembered  that  It  does  not  take  a  great  weight  applied  to  a 
grain  of  sana  to  produce  a  very  large  tinll  pressure  between  tha 
grain  of  sand  and  the  weight.    It  la  this  unit  pressure  that  counts. 
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and  It  needs  be  Mily  miflldent  to  cause  tllgtit  penetration  cf  tb« 
aand  Into  the  ateol  to  result  In  abrasion.  What  la  true  of  aand 
Kralna  Is  true  of  all  otber  particles  betwceo,  or  minute  protuberances 
and  Irregularities  upon  tlie  t»o  abrading  aurfaces — the  rail  and 
tbe  wbeeL 

As  we  have  seen,  the  averare  rail  In  an  American  trackway 
has  a  Ule  of  about  20  years,  when  it  carries  TB,500  cars  tier  year. 
Hence  It  earrlea  20  X  78,500  =  1,5711,000  care  during  its  active  llle, 

I  think  tt  Is  more  than  mere  colncldenoe  that  the  life  of  a  steel 
rail  In  a  street  "ti-amway"  In  Bnelani!  h^s  avemBed  1,500.000  cars. 
as  shown  below.  At  any  rate.  It  Is  erldent  that  rail  wear  Is 
(ar  more  nearly  a  (unction  of  the  number  of  cars  that  pass  over  tho 
rail  than  of  any  other  unit  yet  BUBBested.  It  will  probably  be  (ound. 
however,  that  the  most  exact  unit  In  which  to  measure  w«flr  Is  the 
number  of  loheels   that  pasa  over  a  ralL 

Curvature  of  Railways. — Since  ctirvature  affects  the  wear  of 
ralla.  and  thus  atfects  the  cost  of  tr:ick  maintenance.  It  Is  of 
Interest  to  know  what  per  cent  of  the  average  raJIway  track  la 
cun'ed.     The  following  statistics,  gathered  In  1301.  throw  light  on 

Miles  of  Per  cent 

Road.                                                        roadbed,  curved. 

Bur.  Cod.  R.  ft  N 1,234  21 

Chlcagp   ft  Alton »00  12 

a  *E.  1 725  12 

G  ft  N.  W s,s«a  1» 

C.  M.  ft  St.  P. 6.423  ■  20 

C.  G.  W. 94S  20 

C.  O.  ft  G «i»  17 

C.  R.  I.  ft  P 3,830  21 

Del  ft  H. 723  35 

Del.    ft   Luck. 808  JS 

Denver  ft  R.  Q 1.S75  30 

111.  Centr.    3,99«  16 

Lehigh    Volley    481  J6 

Long  Island    379  16 

Mich.    Cenlr 1.842  H 

M.,  St.  P.  ft  Ste.  Uarle 1,039  14 

Ma  K.  ft  T. 1.988  20 

Mo.  Pacific    B,S29  21 

Nash.   C.   ft   St.   L. 1,195  2G 

N.   r.  C.  ft  H.  R. 2,828  38 

N.  Y.  C.  ft  St.   L. 618  ( 

Pere  Marquette   1.743  16 

Penn.    <  West  of  Plttsbuw) 2.782  21 

Penn.   (Elast  of  Pittsburg) 4.287  34 

St.   I.  ft  y.  F. 1,640  29 

Seaboard   Air  Line 1.049  2G 

So.    pQcltlc    (Pacinc  System) G.156  24 

Tex.   ft    Padlic 1.582  S 

Union  Puclflc   3,000  20 

Wisconsin    Central    »«1  20 

Total     64.933  22.16 

Lire  of  Ralls  on  an  English  "Tramway."— Mr.  T.  Amall  gave  the 

following  daf.T  In  a  paper  read  In  1892  before  the  Tramway's 
Institute  Of  Great  Britain  and  Ireland. 
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At  BIrminKliaiTi,  a  Bteam  motor  csr  v^lKhlng  10  tons  hauls  a 
large  car  holding  GO  paseengers  over  girder  rails  neighing  98  lbs. 
per  yd.  After  S  years  experience  wltn  a  very  heavy  trafHc,  Mr. 
Amall  concluded  that  such  a  rail  will  carry  lesa  than  TBO.OOO  Bteam 
cara  betore  needing  replacement.  The  Hfo  of  the  driving  wheel 
tlrea  Is  only  2^,000  miles,  due  to  sleip  grades  (E%),  and  frequent 
use  of  sand.  It  we  Include  the  passenger  car,  we  see  that  a  rail 
carried  l.EOO.OOO  cars  before  It  was  worn  out. 

Average  Covt  of  Maintenance  of  Equipment  In  America. — Individ- 
ual railways  are  apt  to  show  quite  wide  fluctuations  from  year  to 
year  la  the  cost  of  repairs  and  renewals  of  rolling  stock.  This 
Is  due  largely  to  the  financial  condition  of  the  company,  and  often 
to  the  desire  to  make  an  unusually  good  showing  as  to  net  earnings. 
On  the  other  hand,  the  average  of  all  roads  In  America  would  be 
the  best  possible  criterion  of  maintenance  costs  were  the  aclual  first 
cost  Of  the  equipment  known.  Unfortunately  It  Is  not  known,  but 
we  can  estimate  the  approximate  first  cost  with  considerable 
accuracy,  using  the  annual  reports  of  the  Interstate  Commerce 
Commission  and  applying  unit  prices  ti  various  classes  of  equipment 
thero  described. 

The  report  for  190B  shows  that  there  were  E1.CI2  locomotives  o( 
all  kinds  In  the  United  States,  and  that  the  "repairs  and  renewals 
of  locomotives"  cost  |123.g33.4S2,  which  Is  nearly  tZ,400  per 
locomotive  for  the  year.  The  average  weight  of  each  looomotlva  was 
64  tons,  not  Including  the  tender,  with  a  wel^t  of  54  tons  on  the 
drivera 

A  eS-ton  locomotive  costs  about  fl'.OOO  new,  hence  the  repairs 
and  renewals  for  1906  averaged  20%   of  the  first  cost. 

While  the  rules  of  the  Interstate  Commerce  Commission  require 
the  railways  10  charge  to  "renewalsT'  the  Cull  cost  ot  a  new  loco- 
motive bought  to  replace  an  old  one,  the  railways  ignore  tlils  order, 
and  properly  charge  to  capital  account  the  excess  value  of  the  new 
locomotive  over  the  value  of  the  old  one.  Hence  the  railway 
maintenance  accounts  show  true  repairs  and  renewals  cost  It 
should  be  noted,  however,  that  the  amount  charged  to  repairs  and 
renewals  of  locomotives  should  be  Increase  by  nearly  10%  of  the 
20%,  distributed  as  follows: 

Per  cent 

Superintendence  of  maintenance 2.9 

Repairs  and  renewals  ot  shop  machinery J.4 

Stationery  and  printing 0.2 

Other  expenses   2. 9 

Total    9.4 

This  does  not  Include  repairs  and  renewals  of  shop  buildings  nor 
Interest  on  the  shop  plant,  nor  "general  expensed'  of  the  entire 
railway  systems,  the  latter  being  nearly  S.1%  of  the  total  operating 

However,  [f  we  add  only  ll>%  to  the  cost  ol  "repairs  and  re- 
newaltf'  of  each  locomotive  to  cover  the  atmve  named  items  of 
direct  costs  of  shop  machinery,  repairs.  «tc.,  we  havs  a  total  of 
12,640  per  locomotive,  or  ti%  of  the  (Iret  cost 
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The  1904  report  shows  that  locoinotlv?!  averaged  CO  tons  wetght 
and  that  "repalrH  and  renewals  of  loMimotlve^'  averaged  t->23C> 
per  locomotive.  Since  llio  average  weight  was  nearly  10%  less 
than  for  1300.  the  "recalrs  and  renewals"  should  be  about  10% 
leas,  and  such.  In   fact,  is  the  case. 

la  1906,  the  average  looomotlve  traveled  27,100  revenue  train 
miles.  The  actual  locomotive  mileage  whs  Eomewhat  In  excess  of 
this,   bul  no  data  are  given  from  which  It  can  be  computed. 

Since  the  "repairs  and  renewals,"  which  we  shall  now  call  22% 
ot  the  first  cost  of  locomotives,  IncluiTes  true  depreciation  (re- 
newals of  entire  locomotive),  we  must  .ieduct  depreciation  to  arrive 
at  true  repairs.  There  is  no  available  record  of  enaotty  what  this 
has  averaged  In  America,  bul  my  study  of  the  equipment  records  of 
the  Great  Northern,  Northern  Puolflc  and  other  lines,  has  led 
me  to  conclude  th'ot  about  2.6%  is  the  least  percentage  of  locomo- 
tives  that  have  been  retired  from  Bervlci>  anr.jally.  This  Is  equiva- 
lent 1o  a  life  ot  27.8  years.  Due  to  the  rapid  Increase  in  train  Ic-ids 
in  past  years  It  Is  prolmble  that  from  1  to  5%  of  the  locomotives 
liavo  been  retired  annually.  If  we  assume  that  ^%  were  retired  In 
mOfi.   wc   have   22% — 1%    =    1S%    of   Ihe   first   cost  spent   for  true 

Of  the  51,672  locomotives,  58%  were  freight,  1S%  switching,  24% 
passenger,  and  2%    unclasBlfled. 

In  laofi  there  were  1,833,635  freight  cars  whose  rated  capacity 
was  32  tons.  The  "repairs  and  renewals  of  freight  cars"  amounted 
lo  tl38,I41.29B,  or  nearly  (76  per  car  for  the  year.  The  first  cost  of 
a  32-ton  car  probably  was  atiout  MOD,  so  that  "repairs  and  renewals 
of  freiKht  cars"  were  about  12.7%  of  Ihe  Itrst  cost,  to  which  should 
be  added  fully  10%  (for  reasons  given)  of  this  IS.'^i,  making  a 
total  of  J17o  as  the  annual  coat  of  repairs  and  renewals.  It  t'^i  at 
the  freight  cars  were  "retired"  In  1006.  this  would  leave  10%  as 
the  cost  of  true  repairs. 

In  1906  there  were  42.262  passenger  cars,  and  their  "repairs  nnd 
renewals"  totaled  (30.177.532,  or  371j  rcr  car.  The  probable 
average  first  cost  of  passenger  cars  la  about  16.000.  Hence  about 
12%  was  spent  for  "repairs  and  renewals"  to  which  should  be 
added  (tor  reasons  above  given)  fully  10%  of  the  12%,  making  a 
total  ot  about  13.2%. 

If  4%  were  retired  In  1908,  the  cost  ot  true  repairs  was  9.2%. 
However,  ihe  percentage  of  passenget  cars  retired  Is  somewhat 
leas  than  freight  cara  Hence  true  repairs  of  passenger  cars 
doubtless  were  nearly    10%    ot  Ihe  first  cost. 

Summing  up  we  see  that  true  repairs  of  equipment  were  about  the 
following  percentages  of  their  first  cost : 


Freight  cart 
Passenger  ci 


Repairs  and  renewola  (=  repairs  aiiit  ilepreciaclou),  were: 

LocomotlveH    22 

Paeaenser  cars  13.2 

Com  of  Malntwianoa  of  Equlpmwtt,  N.  P.  Hy. — Id  maklnK  my 
Appnilaal  of  the  equlpmpnt  sn  the  Northern  Pacldc  Rj-.,  ae  of 
June  30,  I9U6.  I  found  the  ccrnipHny'B  baoicm  Bhowed  the  followlnB 
orlgliuil  coBi : 

1,005  loromotlves »12.B7T,S!J 

478  puSMtii^r  and  aoconunodatlon  can..      I,8>G,19i 

1Z1   BleeplnR  and  dining  cars I,SSS,T32 

19fi   baBgage,  e.\preBB  and  pomiil  curs 885,760 

37.681  freight    cara SS,81S,a!3 

floatttig  Mnilpment    497.102 

Total    t41,3E3.4ST 

ThiH  gives  an  avenige  unit  t-o«  of: 

Locomotive    tlt.llO 

Sleeping  ear.  ett.'. '.'.'.'.'.'.'.'.','.'.'.'.■.■.! !!."!.'.'.'.'! .'  12|480 

Baggage  car  3.530 

FVelght  car   BIO 

The  average  firai  coet  of  each  of  three  claaaes  o(  equipment, 
and  llie  average  amount  spent  in  repairs  and  renewals  for  tiie  flsriil 

Per  cput 
First  Annual  of 

coat.  maintenance.        flral  cost. 

1.0O»  iocomollves     ti:.970  12,540  19.5 

800  paaaenger   cars tM"  630  10,0 

37, EM  freight  vurB SIO  «»  II. J 

This  annual  maintenance  <tar  the  year  1S04)  Includes  repairs 
and  renewals,  but  the  "superintendence"  and  "other  e^tpenaes"  are 
nol  Ini'ludfd.  and  they  amounted  to  .ihuiit  3.6%  additional. 

The  locomotives  average  78  tons  weight,  not  Including  the  weight 
of  Ihi'  tenclor:  their  average  actual  agCB  was  10.7  yenra,  but  their 
average  "weighted  age"   was   8.6   years. 

Tlie  average  "weighted  nue"  of  the  pussenser  cars  was  11.1  years, 
an<l  of  the  freight  cars,   8.2  years. 

At  the  prices  now  prevailing,  this  equipment  would  coat  10  to 
IS*;;   more  It  bought  nfw. 

There  were  137  switching  engines  in  the  above  numlKr  and  there 
were  229  passenger  engln.a  and  639  trelRht  englneB,  and  the  868 
engines  averaged  28.600  miles  each.  Including  all  train  and  engine 
mileage,  which  was  as  follows: 

Passenger  train  miles 8.057.721 

I>K'omotlves  helping  passenger  trains 3!I3.»7< 

Mixed   train  miles 84S,0I6 

Freight  train  mflea 12;248.eg2 

liocomotives  helping  freight  trains Z,097,>]  3 

Non-revenue    train    tnllea. 1,229.736 

Total    14.876,96! 
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Ae  revenue  train  mileage  w.ta  21.165,338.  lli< 
1  averaged  21,300  revenue  train  miles, 
r  mileage  was: 


The  average  was  t.tt  pauenBer  cari  per  pOMtKoger  train,  anil 
11.71  frelKht  cars  per  treleht  train,  of  nhlch  33.15  were  loaded 
with  17.30  tons  eacb  =  400.47  tons  load  per  train. 

The  total  BDent  for  maintenance  of  all  equipment  (eicc^tlnK 
marine)  was  16.000.000.  IncludlnK  superintendence  and  repairs  of 
shop  machinery.  Since  the  flrat  co»t  of  all  (his  equipment  Wa» 
141,000,000.  we  Bee  that  the  aversKe  coct  of  repairs  and  renewals 
was  nearly  16%   for  the  year  190E. 

Taking  all  locomotives  and  cars  of  all  kinds  (freight  and  pas- 
senger). Ihu  averuge  tlrsl  cost  of  each  unit  was  tl,D0O  and  the 
overage  coat  of  repairs  and  renewals  WQS  3160  or  16%.  The  value 
of  this  deduction  will  be  apparent  when  we  come  to  consider  the 
percentage  that  should  he  allowed  for  annual  repairs  and  renewals 
of  electric  motor  cars.  Many  absurdly  low  estimates  have  been 
made  as  to  the  latter,  based  upon  short  experience  with  compara- 
tively new  equipment,  and  also  without  any  regard  as  to  the  actual 
first  coat  of  the  equipment. 

t-ife  of  Railway  Cars  and  Locomotives,  and  Coat  of  Repairs,  fi.  P. 
Ry.*— Mr.  William  Mahl,  comptroller  of  the  Union  PaclBc  and 
Southern  Pacltic  railways,  gives  some  valuable  data  aa  lo  the  life 
of  equipment  on  the  Southern  Pacilic  Itallway. 

The  following  are  averages  for  the  period  of  six  yearik  1902  to 
1007.  the  costs  being  the  average  cost  per  year: 

Expenditure  on 
Number    '       each  per  annum. 
Class,  Serviceable.     Repairs.      Vacated. 

Locomotives 1.d40  13,1SE  flSS 

PuaNenger  lars   ].a04  7iiB  101 

Freight  cars 42,383  TO  17 

In  "repnlrs"'  are  Included  the  annual  expenditure  for  repairs  and 
renewals  of  each  locomotive  or  car,  other  than  the  expenditure  for 
equipment  "vacated,"  or  retired.  In  "vacated"  is  Included  the  cost 
of  equipment  destroyed,  condemned  and  dismantled,  sold  or  changed 
to  another  class.  In  1903  there  was  a  Ore  which  destroyed  tZ!6.0OO 
worth  of  passenger  cars,  bringing  up  the  cost  per  car  '^-acated"  to 
1234  (or  that  year,  as  against  an  average  of  jsz  per  car  per  year 
for  the  other  Ave  years  of  tlie  period,  lience  the  tl04  for  passenger 
cars  "vacated,"   as  above   given,   Is  probably   too   hl^  for  a  fair 

From  1S91  to  1907.  a  period  of  17  years,  the  average  number  of 
frelKht  cars  "vacated"  eacli  year  was  3.63%  of  the  lolal  number  In 
service.  Dividing  100  by  Uils  8.83.  we  get  27  %,  which  Is;  therefore, 
Ihe  average  life  in  years  of  each  freight  car.  These  cars  wero 
nearly  all  wooden  cars,  of  which  Ihe  cost  of  a  box  car  did  not 
exceed   1450,   excluding  air  brakes. 
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motives.       Benger.      Prelght.      service. 

Total  number    294  399  11,197  463 

Av.  price  per  locomotive  or  oar: 

Credited  to  replacement  tund.|9,S9g  %i.22S  ti^3  f567 

Charged  to  operating  exp E.T42  3.140  37S  330 

Proceeds  from  sale  or  salvage.  3, SEE  1,037  ISO  ISS 

Since  there  were  294  locomollves  "■vacated"  In  six  years,  the 
average  was  49  per  year  out  of  the  1,510  In  seri-lce.  or  3.3%.  which 
Is  equivalent  to  a.  lite  of. 31  years.  Tlie  life  of  passenger  cars  waa 
practically  the  same. 

There  were  nearly  2,000  freight  cars  "vBcateil"  per  year  out  of 
an  average  of  42,983  In  service,  or  nearly  4.7%,  which  Is  equivalent 
to  a  life  of  but  little  more  than  21  years.  But  In  the  years  1306  and 
1907  6,33S  cars  were  vacHled.  which  la  more  than  half  of  all  vacnled 
In  Ire  six-year  period,  indicating  an  uniisiia!  amount  of  replncemfnt. 
This  Is  also  borne  out  by  the  (act  that  (or  the  I'-year  period  the 
lite  of  freight  cars  averaged  2T^  years,  is  above  stated. 

Percentaoe  of  Engines  Laid  Off  tor  Repairs — In  estlmatlns  the 
number  of  pits  required  in  shops  for  ropalring  1,000  lotomotlvea  on 
the  St.  Louis  and  San  Francisco  By.,  in  1907,  vniloua  data  were 
used,  from  which  it  was  concluded  that  70  pits  would  be  needed. 
This  Is  equivalent  to  7%  of  the  total  number  of  locomotives  con- 
on  S%  of  the  locomotives  constantly  In  the  shops.  The  records  of 
the  St.  Ll  ft  S.  F,  showed  (hat  there  had  been  283  days  worked  each 
year  by  the  men  In  the  shops.  Such  engine  was  estimated  to 
spend  30  days  in  the  shop  once  a  year,  nnd  to  travel  30,000  mflea 
iietween  these  periods  of  general  repairs. 

It  is  interesting  to  note  how  greatly  the  percentage  of  engines 
laid  oft  for  repairs  has  been  reduced  within  recent  5'ear8.  On  the 
Pennsylvania  Ry.,  from  1351  to  lS3t,  the  average  was  nearly  18% 
constantly  in  the  shops  i  (or  the  years  issi  to  1884.  the  nveraise  was 
nearly  15%. 

Percentafle  o(  Freight  Can  Laid  Off  for  Repalrs.~Thls  percent- 
age is  ascertainable  with  great  accumcy.  for  It  Is  shown  In  (he 
weekly  Btatlslicul  bulletlnfc  Issued  by  the  American  Rjiilway  Assocla- 
tlon  of  Car  EMlclency  (Chicago).  The  aveiage  number  of  freight 
cars  t;onstanlIy  In  the  shons  is  about  !•  to  5  "^  %  of  the  total  cars  in 

Pric*  of  Locomotive*. — Hr.  Wm.  P.  Elvans,  of  the  Baldwin  Loco~ 
motive  Works,  gives  the  foHowing: 

Price  Price 

Typo  of  Weight.  per  lb.  Weight,  per  lb. 

Locomotive.  lbs.       Price,      cts.         lbs.  Price,     cts, 

American    80,857     %e.t95     8.28  102.200  tS.llO     9.20 

AtlanUc     187,200  16,760     8.30 

Mogul     7J.800        S.8B2     9.12  

Pacltlc 227.000  16.830      7,00 

Ten  wheeler    86.000       7.ES3      8.92  166,000  15,690     8.80 

Consolldatiot)     92.400       7,8S3      8.54  192,460  14,600     T.Gfl 
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B.I  weight  of  the  engtna 
fxcludlDK  Uie  tender. 
Coat  of  Shop  Machinery.— Mr.  M.  K.  Bamum  glvea  the  follonins 
aa  Ihe  aclunl  coel  of  bIiud  machinery  and  toolB  lor  aeveral  dlSereut 
lotiiniollve  repair  sliops : 

Liocomotives.  Area.  Co«t 

Number     At  one    DurlitB  ot  rtiop*  of 

Shop.  of  tools.       time.        ysftr. 


He  eatimates  the  averase  ueeful  IKe  of  shofi  mnchlnery  and  tools 
at  20   years. 

Coat  of  Stopping  Tralni.*— Ur.  J.  A.  Peabody  xtates  that  an 
offlcial  of  a  Western  rallnay  save  him  the  totlonrlnB  aa  the  cost 
of  Btopplng  trains,  determined  by  experiment. 

An  8-car  paaaenKer  train.  welgblnK  630  tons,  IncludlnK  eDsI"^ 
and   tender  half  loaded,   from   and    to  a  apeed  o(  60  mllea  per  hr., 

U>8. 

Coal  lo  stop  train   (air  pump) 30 

Coal  to  accelerate  train   (eBtlmatod) Hi 

Total  coal   SOS 

305  Iba.  coal,  at  13.16  per  ton 10.33 

Brake  ahoe  wear  and  tire  Weu  (from  labomtory 

teats)    0.03 

Wear   of   braite    and    draft   rlsKlnffB,    etc.    <eatl- 

mnted )     0.08 

Total    tOAi 

The  lost  time  In  etartlng  and  stopping  on  a  atr^ght.  level  track. 

averaged  145  sees.,  or  nearly  'iVi  mins.  This  Is  the  actual  loss  from 
the  time  that  would  have  tieen  reaulred  to  make  the  trip  had  no 
atop  been  made. 

The  correapondlng  tteraa  of  coat  of  atariing  and  stopping;  a  2.00O- 
ton  frelEliC  train  (SO  ctira)  from  and  to  a  iq>ced  of  35  miles  pel 
hr.  were : 

Lbs. 

Coal  to  stop  train  (air  pump) 50 

Ciiiil   lo  aecelerate  train 800 

Total   coal    650 

B50  lljs.  coal,  at  (Z.IS 10.50 


tract Inp.  ] 


In  1903. 

On  the  St.  IjOuIs  a  San  FronciKO  line,  the  average  coat  per 
eaglne  per  time  handled  was  tl.5T  for  wages  of  hoBtlera  and 
UBBlstants.  Ore  cleaners  and  aaohalt  men.  front  end  cleaners,  wipers, 
trailer  washers  and  asBlstantB,  sand  dryers,  laborers  or  sweepers 
and  callers. 

On  the  Kortolk  and  Western,  the  cost  was  |1.30  for  repairs  plus 
tO.52  for  watching  and  bostlarlne,  total  |I.Si  per  enKlne  per  time. 

On  the  Molille  and  Olilo.  4,832  locomotives  mere  handled  at  the 
lollowlng  labor  cost  per  thne; 

Hostlers    '. 10.80 

Boiler    washers    0. 10 

Callers   (calling  engine  orew) O.DS 

Sand  dryera U.03 

Wipers   .".'.'.'.'.'.'.'.'.'.'.'.'.'.".'.'.'.!!!!!;!!!"!!"!;!!!  i!i3 

Machinists 0.36 

Boiler    makers 0.12 

Truck  repairers    0.13 

Total     13.05 

On  the  Texas  &  Pacific  the  cost  o'  despatching.  In  and  out   of 
terminals,  was  2  cts.  per  engine  mile,  or  82.21  per  engine  per  time. 
On  the  Wabash  Ry.,  17.060  engines  were  despatched  by  836  men. 
during  1903.  at  the  following  labor  cost  per  engine  per  time: 

Repairs    (O.ns 

Handling     0,84 

Total    (1.82 

On  the  Loke  Shor?  ft  Michigan  Southern,  the  cost  of  all  round- 
house expenses.  Including  skilled  mechanics  on  ordinary  running 
repairs,  was: 

Skilled    m.-charlr'l     tl.KT 

Other   lab'jr    1.73 

Total     t3.«0 

I    Seaboard    Line.    7.015    engines    wire    despatched    at    the 

Repairs tl.l 3 

Supplies,  labor 0.03 

Roundhouse    men     0,64 

Total     11.80 

An  Elastern  road  having  476  locomotives,  handled  nt  31  round- 
houses by  231  men,  gives  the  following  unit  cost  tor  13.38X 
despatches  monthly : 

Handling  10.79 

Running  repairs   2.83 

Coal 8,32 

ETuppItes     0,43 

Total     Ill07 


tallowing 
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A  Western  line  with  S12  locomotives  on  1,30D  miles  of  line  (Ives 

the  toUonlng  unit  coit: 

Qeneral     (0.70 

Washout     0.27 

Wiping     0.10 

Cinders     0.13 

HoslUns     0.80 

Coaling    0.3S 

Total     IMG 

Roundhouse   repairs   (heavy  englnel) 2.ED 

Total    t4.8S 

The**  engines  average  1!S  mllea  pef  engine  bandied. 


CHAPTER  XII. 
BRIDGES. 

Th*  Walpbt  of  3t**l  Brldgai. — To  compute  the  approximate  cost 
ol  a.  steel  bridge,  It  Is  Rrit  essential  to  estlmats  Its  weight.  Formu- 
Uu  for  eatlmatlng  welghtB  are  given  In  this  secllon,  toeecher  with 
maD7  examples  of  weights  ot  bridges  actually  built,  both  for  high- 
way and  tor  electric  and  steam  railway  purposes. 

The  following  formulas,  taken  from  Johnson's  "Uodern  Framed 
Structures,"  give  the  weight  of  steel  In  trusses  and  noor-beams  ol 
highway  and  railway  bridges. 

Far  a  highway  bridge  with  a  roadway  16  ft.   wide.  desUpied  to 
carry  IDO  lbs.  live  load  per  sq.  fL,  use  the  following  formula; 
■R'  =  12I.  +  1E0. 

W  =  weight  In  Iba.   per  linear  foot  ot  bridge. 
L  =  span  In  feet. 

For  bridges  ot  less  or  greater  width  of  roadway  than  1 E  It,,  sub- 
tract or  add  16  Iba  per  lla.  ft.  for  each  2  ft.  change  In  width. 

For  railroad  bridges  designed  according  to  Cooper's  B>SO  load- 
ing, the  weight  ol  steel  per  lln.  ft.  ot  bridge  Is  as  follows: 

For  deck  plate  girders, 
W=12X.+  160. 

For  through  plate  girders  with  beams  and  slringera, 
TT  =  18  L  +  600. 

For  truss  bridges. 

W=:TL  +  t50. 

The  Weight*  of  Steal  BrIdgM  for  Highway,  Rillway  and  Etectria 
Rillway,  Spans  of  10-ft.  to  300-rt.*. — In  this  issue  we  "hall  confine 
ourselves  <o  the  weights  of  standard  bridges  on  the  Noiihem  Pa- 
clBc  Ry.  and  on  the  Santa  Fe  Ry.,  followed  by  Tyrrell's  formulas 
for  calculating  the  weights  of  bridges  ot  moderate  slxe. 

Weights  of  standard  Brldaea,  A,  T.  A  S.  F.  Ry.— These  single 
track  bridges  are  designed  to  carry  a  moving  load  of  two  139-ton 
consolldalton  engines,  followed  by  a  train  weighing  3.200  Iba  per 
lln,   ft.  according  to  spcclflcatloni  drawn  In  1902. 
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Estimated   Weights  of   Single  Track  Throu^  Pin  Truss  Brtdges; 
Atchison,  Topefca  A  Santa  Fe  Ry, 
Span  c.  to  Weight 

c.  of  pins.  per  span, 

Vx.  Lbs.  Class. 

100 ISS.TOO"  D 

lOS 181,300  D 


128 £41.300> 

1311 261, EDO 

IJU 268.200' 


2St) 703,400" 


300.. 
Note— All  t 


.  .U14.&I 


of  1 10  [t.  and  less  have  aUfl  bottom  cvrds. 
■horJ  carries  floor;  • 


■Soft  steel.      _ _ 

liorJ  carries  floor;  •  130-11.  _, . 

I  BMn  for  5'  curvo ;  "  p;irnlloi  chords;  '.  •,  •  chords  not  paralleL 

C— D™  floors.      D — Shallow  floors. 
Elstlmated  Weight  of  Single  TraLk  Plata  Girder  Bridges;  Atchison, 
Toneka  &  Hanta  Fe  Ry. 

*"     ■-'• Through  Olrders. 


Tl;.v, 

t    t 

Class  A.           Class  B.           C 
Lbs.                Liba 
12.S0O              17.900 

iiSs     piH 
iiiiH    "* 

2fi.O0O              33,200 
28,300              36.000 
33.500              4a.OO0 

38.900                 9.800 
40.900                0.000 
42:600                 3:600 

.^i.'joo            !:<oo 
ie.Voo          GG.'goo 

68:SO0              83.V00 

Tii.Von          si.soo 

ss.fiori       :::::: 

no. 000               

Birders  Class  C  and  D  are  for 

80,200 
80,600 

81,100 

yn 

?I:I8S 

11.  TOO 

MS. 

B9.»00 

!lV.B«i 

lis 

!  ,i.u^ 

i^iii-:. 

1 1;  ;;•" 

;»;^-ev 

»!i!S 

i    t 

St:::: 

70.800 

4     t. 

ft.   B°  c 
t.   10" 

W^. 

!i:a 
!!:S 

113,900 

®  t:  io'''?^e:; 

«'■■■ 

"WSiiiits  gl 

ven  for 

ed  xlrders. 

ClacM*  A  and  C  ajre  daolgnod  In  tbe  mott  economic  manner  and 
are  usad  vherew  poBslble.  Claw  B  ts  for  qtaoa  of  Um  leaM  depth 
conHlnent  wltb  good  aervlM.     Clftsa  Z)  Is  Cor  apaos  with  •hallow 

Claaoea  B  and  D  are  uaad  ottly  where  It  la  leaa  eiponHlve  to  use 
these  ehallow  brldKea  than  to  clianKe  the  grade  line.  The  tabular 
welfht  la  the  calculated  weight  plus  !K%.  If  the  shipped  weight  Is 
In  excaw  (A  the  tabular  weight  the  excena  la  not  paid  for, 

Walghta  of  Standard  Brldsea,  N.  P.  Ry.— In  16H  standard  plans 
were  made  for  NortbBm  PaclAc  Rj-.  brtdgea.  The  assumed  live  load 
was  two  Ilt-ton  locomotlveai  followed  by  1,000  lbs.  par  tin.  ft-  of 
track.  The  following  table  gives  the  apDroxltnata  walghta  of  sin- 
gle track  Btml  bridsaa,  the  weighta  l>Mng  given  closely  enough  for 
purpoaea  of  prellmlnar]'  coat  estlmatea. 

Span  In  ft.  Weight  In  Lba. 

20 lO.MO 

JO 10,000 

Deck  Plate  Olrdara: 

:b ia,o»o 

as !a,o«o 

40 28,000 

60 t7,0« 

eo B»,o«o 

70 «3.0O0-7|,O00 


73,01 


100 1H.0O0 

llirou^  Plate  Qlrderi; 


70 8g.000-SB,000 

BO tlg.OOO 

00 H!.0»0 

100 170,0«0 

Deck  Lattice: 

no 150,000 

120 166,000 

Throuitti  Lattice: 

no n4,ooo 

120 :iG,ooo 

Deck  Pin  Spans: 
ISO 202,000 

140 aio.»o» 

160 244,000 

KO 264.000 

170 297,000 

180 S30.O00 

190 S80.000 

200 S92.000 


..210.000 


Through  Pin  Spans : 

iSS;  ::!;■.;  1 ;;'.!!  X !!;;!!;:!;  I ;:;; ;  :2*6;6o» 

lEO 262,000 

leo 280,000 

170 308,000 

180 240.000 

100 I7M00 

200 410,0»0 
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Farmulu  for  Wefgtlts  of  Railway  Brldg«i.— Mr.  H.  G.  T}-rrcll 
g[vss  th«  following  formulas:  Alt  walgbtB  (W)  are  par  lineal  fool 
oC  single  irack  bridge  for  Blee!  only;  unite  10,000  to  12.000  lbs.  per 
sq.  In.  The  live  ioaUa  BSBumed  are  two  engines  w^ghing  100  loos 
each,  and  4,000  lbs.  per  liu.  It.  of  track. 

Deck  plate  glrdor  bridge W=100+    B       L 

E>eck  lattice  girder  bridge    W  ^  100  -i-    S       L 

Holt  through  plate  girder  bridge  With  floor n'  =  100-f  12       Z. 

Same  with  ties  on  slielf  angle H'  =  ZOa+    iVt  L 

Same  with  trough  floor W^600  +  10       h 

Blvoted  through   truss  bridge W  =  100+    B       i 

Riveted  deck  truSB  bridge,  ties  on  top  chord W  =  aOO+    7       L 

Pin  through  truss  bridge W  =  400+    B<4   L 

Pin  deck  (ruse  bridge  with  stringers W=:400+    E       L 

Pin   deck   truss  bridge,   ties  on  top  chord W  =  300  +    S       L 

W^:  weight  of  Hteel,  lbs.  per  Ho.  ft. 

L  =  span   In   feet. 

Railway  Trestles. — Aanimed  looda  same  as  above;  w^ght  of 
spana  us  above.  Weight  of  benta  and  bradoK  Is  9  Iba  per  sq.  ft. 
of  side  profile  from  ground  to  base  of  rail, 

Ur.  Tyrrell  also  gives  the  following  formulas  for  the  wights  of 
single  track  railway  bridges,  for  spans  of  30  to  £30  ft.,  designed  ac- 
cording to  Cooper's  B  GO  loading: 

Deck  plate  glrdera,  W  =  100  +  1SL. 

Through  plate  girders,  W=E0O  +  12L. 

Through   truss  apana,   1P  =  tD0  +  TL. 

W  =  weight  In  lbs.  per  lln.  ft 

L^avaa  In  feet. 

Add  90r<   for  double  traelt  bridges. 

Johnson's  "Modern  Framed  Structured"  gives  the  following  formu- 
las for  the  same  loading: 

Dock   plate    girders,    W=1B0  +  12L. 

Through  plate  girders.  W  =  EOO  -(- 12  L. 

Through  truss  spana   W=6B0-|-T£. 

Cooper's  E  50  loading  provides  tor  a  train  of  two  "consolidation 
engines"  <]TT>^  tons  each.  Including  tender),  followed  by  a  uni- 
form live  load  of  5,000  Iba  per  lln.  fL 

Formulas  for  Weight  of  Electric  Railway  Bridges — Mt.  H.  O. 
Tyrrell  gives  the  following  formulas  for  weight  of  single  track  ^ec- 
trlc  railway  bridges  of  G  ft.  to  SOO  fL  span.  The  weights  Include 
steel  only,  without  safety  atringers.  The  live  load  is  assumed  to 
co\'er  the  span  from  end  to  end.  The  details  are  figured  for  riveted 
Joints. 

I-bBam  spans  of  6  to  20  ft.,  W  =  Z0  +  6L. 

For  truss  spans  of  40  to  SOD  ft.,  loaded  With  IE-ton  cars,  or  1.000 
lbs.  per  ft.,   W=200  +  O.Si„ 

For  truss  spans  of  20  to  ISO  ft,  loaded  With  30-ton  cars,  or  S.OOO 
Iba  per  lln,  ft.,  11'  =  260 -Hl.B  L. 

For  deck  plate  girder  Bpans,  loaded  with  £.000  Iba  per  lln.  ft., 
W  =;  30  -)-  E  Z,. 

W  =  weight  of  steel  per  lln.  ft 
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EUectrlc  nillwa?  treitlea:  Welshts  of  ap&nB  Bama  aa  above; 
welshts  at  bents  and  braclnB  is  6  lbs.  per  sq.  ft.  of  side  profile  from 
ground  to  base  of  rail. 

Weight*  of  Brldaea,  Til.  Cnntral  R,  R.*— The  Departniene  of 
Bridges  and  BulldlngH  of  the  IlUnolH  CenCraJ  Railroad  has  made 
standard  .desiena  of  steel  bridges  of  ail  ordinary  spana.  and  has 
plotted  the  weights  of  steel  in  each  type  of  bridge.  From  the  curves 
thus  plotted  certain  formuEaa  have  been  derived  for  ascertaining  the 
weight  (W)  of  the  steel  In  a  bridge  of  any  given  Span.  It  will  be 
noted  that  these  formulas  are  not  like  thoM  found  In  te;tt  books. 

Among  tha  valuable  diagrams  of  weights  of  etaodard  bridges 
on  the  Illlnoia  CantraJ  1b  one  that  glvea  the  weight  of  draw  (awing) 
bridges,  from  75  to  450  It.  span.  We  do  not  recall  ever  having  seen 
similar  data  for  swing  brldgea  From  the  diagrams,  we  have  pre- 
pared the  tables  that  follow. 

The  formulas  and  tables  are  for  class  "a,"  loading,  which  Is  as 
follows : 

"For  alt  single  track  spans  use  equivalent  uniform  loads  due  to 
two  tSl.E-ton  engines  with  a  total  wheel  I>ase  of  104  ft.,  followed  by 
a.  uniform  train  load  of  1.600  Iba  per  lineal  foot  of  track. 

"For  double  track  spans,  of  either  two  or  three  trusses,  and  up 
to  ISO  ft.  span,  use  equivalent  uniform  loads  due  to  full  engine  and 
train  loading  as  above  on  each  track. 

"For  double  track  spans,  of  cither  two  or  three  trusses,  and  over 
150  tt.  span,  use  equivalent  uniform  loads  due  to  full  engine  and 
train  loading  on  one  track  and  uniform  train  load  on  the  other, 

"The  weight  of  track  will  ba  assumed  at  4S0  Iba  per  ft.  The 
weight  of  steel  will  be  taken  from  the  illacrama" 

The  weights  of  spans  of  intermedlati;  length  can  be  Interpolated 
from  the  data  given  In  the  following  tables: 

WBioHTfl  or  Steel  in  SmaiB  Track  Dbaw  Bridoes. 

Wllliout  With 

provision  for        provision  for 
Span.  ballast  tloors.         ballast  floors. 


SI 

is 
i 

■lis 

Note. — Weli^ls    of    Intermediate    spans 


'BnffineeTing-Contracttiig,  June  I,  1909. 
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T   tir   SntaL   itf   Singlc   Track   I-Bcau   ^m* 


10  5,000 

15  T,t«0 

20  ),7aa 

so  14)900 

S5  1T,7>0 

Weuutb    a*    Stul   th    Sinoli   Tback  Dbck    Fi^ti 

QiaClB    SPANRj   WIXHOUT   B«t.L*»T  FliOM. 
(W  =  9.GL>+20aZ,  +  iei>  for  «tt]ia  lra>  Uum  70  fL) 
(1F=2BL*— !.2SO£  +  83,400     for     vans    mora    tlua 

70  tL> 

Span,  Weight, 

ft.  lbs. 

30  IR.OOO 


as  so.oso 

90  l«&.Q«ft 

100  llt,000 

Wbiobts    or    Stebi.    ik   SitraLC    Track  Dbck    Pi.atb 

OiRDnt  Spans. 

(Dealgned  for  fQture  ballnst  Roors.) 

"Without  I-BeamB  With  I-BeamB 

Spttn,                                         (or  future  (or  future 

ft.                                           ballait  noor.  ballast  floor. 

30 18,100  ttl.iO« 

40 2S.400  37,400 

BO 40.100  50,700 

60 S4.G0S  «7,£00 

TO 6S.000  B4.400 

80 90,800  108,400 

80 114.(00  114,100 

100 130,100  172, JOO 

Weight  of  Steel  in  Sinoli  Track   TUbovoh  Pijitk 

GmoKR  Spans,  Without  Bau^st  FUKm, 

(W=:]824i.  — S«,l«a  tor  anaDS  leas  than  7<  fL) 

(W  =  7Si.'  — 9,92TL  +  433.740    for    tOATi*    more    than 

T8    ft) 

Span,  Weight, 

ft.  lbs. 

JO    28.B0O 

40    40,000 

60    ■4,*00 

80    81.7«0 

IS     100,700 

|0    110,000 

IS     1J1,800 

3*    147.800 

i** i«e,e«« 


WsiottT  or  Stkbl  in  Siholi  Track  Trrooom  Pl*tb 

OtImBIt   8P*ItB,   OEBiaHBD   FDR   PmuU  BALI.AST   FLOOR. 

Weight, 


s^. 


OF    Srtm.   IN    8iNai;i   track   TmtoiraH    Pin 
SFAKi,  WtTRoirr  Ballast  Flj>ob. 
<  W  =  7.B  i*  +  870  L  +  11,500.) 


are   of   Stssl   is   Snrai^  Track 
Span   BBZoaea,   Dcsignks  roB  F*nTCRS 
Ballast  Plqohb. 


ISO    SEO.OOO 

200    650,000 

J20    TTO.OBO 

840     900.000 

260    972,000 

WsioHT  OF  Steel  in  EtouBu  Track  TnBonoH  Plate 
OmDBR  Spans  ii  L,iauT  and  1  IOatt  Oibdeb), 
WrTHOUT  Ballaht  Floor. 
f  i.oao  L  —  4-I.ODO    for   spang    34    to    80    ft.) 
+3B2,gOO  for  WMna  80  to  100  tL) 

Weight 


(  W  =  88  L"  —  7,100  1  + 


SO    . 


210.000 

264.000 
aB4.B0O 
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Wbioht   op   Stesl   in   Dovbi^   Track   Thsoikiii   Pat 
Spans  (2  Lioht  and  1  Hsavy  Tbcbb),  Wits- 

our    BAU.AST    i''"l,00ll. 

(W  =  H.38  Z^H- 1,683  i  +  20,900.) 

Span,  Weight, 

ft.  lbs. 

110 STO.nOO 


Note,— It  the  brldse  Is  deslKn#4  With  only  two 
trusKCB.  Instead  of  tliree.  add  82%  to  the  weights  elven 
In  the  above  table. 

Weight  op  Steil  in  Doublx  T-iack  Tnnoram  Plat* 

GiHDBR  Spans  (2  Liokt  and  1  Heatt  GitiDBB). 

Desioned  for  Futusb  BAtuMFr  Floors. 

Span.  Weight. 


ft. 


Iba 


n7,M» 

flU    H8.90ft 

60    1S?,70» 

TO    I30J0O 

80    282,100 

»0    3J0,3O0 

100 402,100 

Pormulis  for  Weight  of  Highway  BrldgM. — Mr.  H.  G.  Trrrell 
KlvsB  the  following  formulas  for  the  weight  of  steel  fn  hichwa; 
truss  brldses: 

L 

With  sidewalk*.  w=2.8  + 

11.3 
L 

Without  sidewalks,   TF=BH 

S.G 
!>  =:  length  of  tpaa  In  feet. 

W  =  weight  ot  Bteet  per  aq.  ft.  of  noor.  Including  both  carrla««- 
woy  and  walk.  The  weight  Includes  bracing  and  shoe  plates,  but 
not  Joists  or  floor.  These  formulas  were  based  upon  designs  of 
through  truss  spans  from  60  to  IBO  fL,  for  roadways  ranging  from 
It  to  20  ft  wide.  The  trusses  are  riveted.  The  live  load  assumed 
was  80  lbs.  per  eq.  tt.  tor  trusses  and  100  Iba  per  aq.  ft.  Ooor  beama, 
or  a  S-ton  wagon.  These  bridges  have  timber  Joltta  and  a  floor 
composed  ot  two  layers  of  plank. 


The  following  formulae  are  f< 
ins  IS  to  24  tt  roadway  and 

L 
Through   plate   girder     W  =  S  H 

L 
Deck  plate  girder.  W  =  2.1  +  — 

'W  =  wal^t  of  steel  per  sq.  ft,  and  does  not  Include  the  timtwr 
strlngera  and  plank  floor. 

For  highway  bridges  with  solid  floors   (assumed  dead  weight  of 
floor,  ISO  Iba  per  aq.  ft),  Hr.  Tyrrell  gives  the  lotlowing  formulas: 
L 

Deck  plate  girder  bridges,      W  =  3  + 

z.« 

L 
Half  through  girder  teldges,  IF  =  3  + 

L 

Truss   bridges,  .W  =  S  + 

4 

Weight  of  ■  4CG-R.  «psn  Highway  Bridge.*— The  longest  high- 
way truss  span  In  America  was  built  in  1901  across  the  Ulaml 
River  at  New  Baltimore.  Ohio.  It  has  a  wan  of  465  fL  c,  to  c.  o( 
end  pins,  and  a  depth  of  E6  ft.  at  the  middle.  The  pin  connected 
trusses  are  it  ft  apart  In  the  clear.  The  bridge  Is  designed  for  a 
live  load  of  3.(00  lbs.  per  lln.  ft.  with  a  live  load  of  100  lbs  sq.  ft. 
on  the  floor  system  and  a  G-ton  rockd  roller  as  a  concentrated  load. 
The  floor  system  consists  of  plate  girder  Roer  beams.  I-beam  string- 
ers; and  S^-ln.  plank  floor.  There  Is  no  sidewalk  and  no  street 
railway  track.  The  weight  of  the  bridge  Is  1.000,000  lbs,  or  S.ISO 
Iba  per  lln.  (t  or  SG  lbs.  per  sg.  ft 

Weight  of  a  400-ft.  Span  Highway  Bridge'* — A  very  long  highway 
truss  span  was  built  In  1899  across  the  Miami  River  at  Hamilton, 
Ohio.  The  span  Is  4011  ft  c  to  c.  of  end  plna  The  trusses  are  BO 
ft.  deep  at  the  middle  and  spaced  26Vt  ft.  c  to  c.  The  roadway 
Is  Zt  ft.  wide,  and  the  two  cantilever  sidewalks  are  G  ft.  wide  each. 
making  a  total  floor  width  of  34  (t  The  trusses  are  calculated  for 
a  dead  load  of  6,000  Iba  per  lln.  ft  ot  span  and  a  live  load  of  S.T20 
iba.  per  lln.  ft  of  spaji,  or  80  Iba  per  sp.  ft  of  noor.  The  lloor 
system  Is  calculated  for  e  SO-ton  roller  on  two  axles  12  ft  apart 
or  a  1  G-too  electric  car.  The  floor  of  the  roadway  Is  asphalt  blocks 
on  concrete  laid  on  buckle  plates,  supported  by  I-beam  stringers. 
The  sidewalks  are  concrete  slabs.  The  total  weight  of  steel  In  the 
bridge  Is  l.SOO.OOO  lbs. 

Weight  and  Cost  ot  ■  Highway  Bridge,  1!0-ft.  Span*.*— A  steel 
highway  bridge  was  built  In  190l>  acron  the  Wabash  River  at 
Torre  Haute,  Ind.  It  is  812  tt  long  between  abutments,  and  con- 
sists of  G  spans  of  120  ft.  each  and  one  Tfi-ft.  span  In  (he  center. 
The  roadway  Is  EO  ft.  wide,  and  there  Is  an  S-ft  cantilever  sidewalk 
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on  each  side,  maklns  a  total  iloor  width  of  6a  ft  It  U  a  dedc 
brldse,  and  each  sf»ai  haa  two  riveted  trueaee  51  ft.  c  to  c„  with 
three  Intermediate  plate  clrdera.  The  roadway  Is  paved  with  brkk. 
The  total  welKlit  of  iteel  In  the  brldKe  1b  4,114,001)  Itm.  indudlnc 
SS.OOO  lbs.  of  street  car  rails.  There  are  t.ttO  cu.  jila.  of  conciMe 
In  tlie  two  abutments  and  3,)04  cu.  yds.  In  the  sU  piers;  there  are 
Tig  piles.  The  piers  average  GO  ft.  hish.  The  sdbstniotnni  cost 
178,706.  and  the  superstructure  cost  |191,E00,  a  total  of  tsn.tit. 
by  contract.  Indudlns  the  removal  of  an  old  bridge  and  the  bidM- 
InK  of  a  temporary  bridge,  which  la  equivalent  to  |131  per  Ita.  ft. 
or  IS  per  sq,  ft.  of  Iloor  aree. 

Weight  of  a  4M-ft.  Span  Hiohw^y  Swing  Brldo*.*— A  hlshway 
swing  span  of  unusual  length  was  built  across  the  Connecticut  River 
In  1B9G.  The  bridge  Is  450  tu  long.  The  truaaea  are  2 1  ft.  c  to  c 
providing  for  one  line  of  electric  cars  and  two  lines  of  carrlogea. 
The  Hoar  la  designed  to  carry  100  lbs.  per  sq.  ft.,  14  ton  electric 
cars  or  a  10  ton  wagon.  Tlie  trusses  are  designed  to  carry  a  live 
load  of  l.eoo  lbs.  per  lln.  ft.  for  chords  and  Z,00O  Iba  for  web.  The 
Roor  consists  of  4xl4-ln.  yellow  pine  stringers  spaced  tVt  ft.  apart, 
su|>porttng  two  liiyers  of  plank,  i  In.  and  2  In.,  respectively.  The 
stringers  for  the  rar  track  are  16-ln.  steel  beams  weighing  4!  Ib& 
p«r  ft.  There  are  23  panels,  depth  11  to  SE  fL  nie  turntable  la 
rhn  bearing.  The  drum  Is  4  ft.  deep  and  31  ft  diameter.  Three  ii- 
HP.  inotora  are  used,  one  for  turning  and  two  for  blodtlng  up 
the  ends.  An  extra  motor  is  provided.  To  open  takes 
the  motor  30  seconds.  Working  on  10-ft.  levers  the  bridge 
Is  turned  by  four  man  In  8  mlnutea  The  total  weight  of  draw- 
bridge superstructure,  Itlcluding  drum  and  lloorlng.  Is  1.180.060  llw. 

WelglK  of  a  S»-ft.  Doubla  Track  Swing  Brldfle.*^The  longest 
awing  span  In  the  world  Is  the  Interstate  bridge.  It  1B  a.  double 
track  railway  draw  bridge,  built  In  190«,  across  the  Mlswnirl  River 
at  East  Omaha.  Neb.  The  trusses  were  Oe^tgned  to  csrry  a  live 
load  ot  1J,1S0  lbs.  per  lln.  ft.  of  bridge.  This  heavy  load  was  al- 
lowed !n  case  It  should  be  desired  to  provide  a  caotllavereil  road- 
way and  sidewalk  16  ft.  wide  on  the  outside  of  each  tmam.  The 
weight  of  this  S2D-fL  draw  span  is  3,000,000  Iba.  There  were  alao 
0  plate  girder  60-ft,  bihuih  In  [he  approach,  having  a  total  length  i^ 
57G  ft.  and  a  total  weight  ol  1,773,000  Iba.  The  pivot  pier  wnn 
sunk  to  bed  rock,  a  depth  of  120  ft.  below  low  water,  by  open  dredg- 
ing Inside  B.  Bleel  cylinder. 

Tlie  following  are  the  quantities  In  the  subatnicture : 

Muss  In  cribs  and  pneumatic  calaaona  o(  3  plera  M  ft.  Aeep. . 

Mass  In  base  of  pivot  pier 

Mass  in  bases  of  S-plle  plars  and  2  abutments 

Masonry  In   Aafis  of  4    large  piers 

Concrete  In  shafts  of  g  sliors  plars  and  2  afautraaats . 

IJn,FL 

Piling  below  bases  of  S  shore  piers  and  abutmenta 19.90U 

Lbs. 
Steel   In   pivot   pier  "well"   or  open   oalsaon SBO.ao(i 
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9  tha  pivot  pier  ot  Uia 
draw  span  and  Its  two  reu  plera,  and  a  third  rut  pl«r  for  an  old 
e\iatlng  divw  spHU. 

The  contrai^t  price  for  this  eZO-tt.  swlnK  bridge  and  aH>ro«chrM 

was  leoa.Qoo. 

Walght  af  ■  4H-Tt.  Ooubla  Track  Swing  BrMga.*— A  double  (rack 
draw  brldre,  wKh  5  approach  (atnsle  track)  apuiB,  was  bailt  In 
190&  acroaa  the  Tannowec  River  for  the  UlluolB  Caatral  Ry..  to  r»< 
place  a  lighter  iteel  bridge  built  IT  years  previously.  T^ie  draw 
bridge  la  4G0  ft.  hmg.  and  about  SG  fl.  c.  to  c.  of  iruaaee.  Three 
of  (he  approach  spans  are  300  fL  eac^  and  two  ere  ISO  ft,  each, 
and  are  all  single  track,  the  trusses  being  ITti  ft  c  to  c.  The 
weights  of- steel  In  these  spans  are  as  toltows; 

Lbs. 

]  douUe  track  draw  apKn  (4G0  ft.)  and  turntable 2,i;7S,uaO 

3  single  track  spana,   300  fL  each 4.074.000 

Z  single  track  spans,   IGO  ft.  each 784.000 

Total   1,414,000 

The  price  for  Che  draw  span  was  4,45  cents  per  lb.  ready  to  a>~ 
semble;  and  tlie  price  for  the  pin  oonnei^ted  truas  Bjians  waa  3.<H 
cents  per  lb.  The  oost  by  contract  for  erection  waa  tBO,0OO,  which 
is  about  1%  oenta  per  lb.  The  pJvot  pier  Is  E2  ft.  hl^i.  and  47  ft. 
dl^uneter.  It  contains  S73  ou.  yds.  of  concrete  fooling  and  l,3£e  cu. 
yds.  of  concrete  above  the  tooting,  or  a  total  of  2.22S  cu.  yds.,  and 
l<,2O0  Iba  of  rtintorcing  rods.     It  reMs  on  SOG  pilaa. 

Weight  of  a  43e-ft.  BIngI*  Track  SwinQ  Bridge.*— Aa  a  part  of 
the  single  track  bridge,  built  In  IS99  over  the  MlBSissippI  River.-for 
Uie  Davenport,  Rock  Island  and  Northwestern  Ry..  there  are  one 
3fil-ft.,  three  206-ft..  and  three  ZOO-fL  pin-connected  tmsa  spans, 
beside  a  43S-swing  span  which  la  described  subsequently.  The 
trusses  are  designed  for  Cooper's  Class  &  3S-tra1n  load,  and  tlie 
floor  system  for  Class  B  40.  The  trusses  are  ISH  ft  c.  to  c.  The 
weights  ol  each  span  Is  as  follows: 

Lba 

438-ft  swing  span   [ Including  machinery ) 1.400,600 

36l-f4.  span  (c  to  c.  end  pins) 1.039,100 

29e-ft.  span  (c.  to  c.  of  sod  plnsj 742,400 

20D-ft.  vftn  (c  to  c  Of  end  pina) 1 10,000 

Weight  and  Cost  of  ■  3M-ft.  Four  Traek  Swing  Bridge.*— A  four 
truck  swing  bridge  was  built  In  1900  across  the  Chicago  Drainage 
canal  at  West  46th  street  Chicago,  for  the  Chicago  ft  Western  In- 
diana R  R.  It  is  unique  among  four  traj:k  swing  bridges  In  that 
tt  has  two  trusses  instead  of  three.  By  this  arrangement  the  cen- 
ter pier  Is  only  41  ft.  dlotneter,  thus  saving  atnut  20  ft.  of  length 
over  a  three-truss  bridge  that  gives  the  same  clpnr  waterway.  The 
bridge  is  384  ft.  long  c.  to  c.  of  end  bearlnga  It  is  29  H  ft.  c.  to  c. 
of  tniasBH.  two  of  the  tracks  b^lng  supported  on  pantlle\-er  floor 
beams  outside  the  trusses.  The  total  width  Is  ET  tt.  Tlie  live 
load,    continuous  girder  of  four   supports,   Is   4,980   iba   per  Itn.   ft. 
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«n  th»  adjaoent  inalde  track.  4.200  lbs.  p«r  lln.  ft.  on  the  adjaceot 
outBiile  track,  n-tlh  no  load  on  the  dlilant  outdde  track. 

The  weiKht  of  steel  and  Iron  Is  2.692.000  lbs.,  exclusive  of  the 
operatinK  machinery. 

The  pier  Is  octagonal.  iA  ft.  diameter,  over  coplDS.  masoDry  shell 
7  fL  thick,  tilled  with  earth  Inside,  la  30  ft  biKh  and  reals  on  clay. 
The  substructure  cost  t&l.SSl,  the  contract  price*  bclnK:  Bxcai-a- 
tlon,  Bl  cLg. ;  concrete.  tT.30 ;  stone  mseonry.  tI3.3S  per  cu.  viL 
The  superstructure  con  (131.393,  or  nearly  4.9  cts.  per  lb.  Includ- 
ing the  floor.  The  toUI  coat  wbs  1182,746,  Or  tG4T  par  lln.  ft  of 
bridge,  or  1137  per  lln.  fL  of  track. 

Weight  of  a  23m.  SFngle  Track  Swing  Brldga.*— A  single  track 
swing  brlge  was  built  ocrom  the  St,  Joseph  Blver,  ftfr  the  P«e 
Marquette  R].,  Co  replace  an  older  spun  having  become  too  light  tar 
modem  locomotives.  The  bridge  la  S3I  ft  c  to  c.  of  end  floor 
beams,  and  17  ft.  S  Ina.  c.  to  c.  of  trusaoa.  It  was  designed  for 
Cooper's  Class  E  loading,  and  Ita  weight  la  600,000  Iba  It  la  op<^ 
rated  by  a  30-IIP.  gasoline  engine  which  opena  or  closes  It  In  DDe 
tnlnut[>. 

Weight  of  ■  2la-ft.  Double  Track  Swing  BridBa-— A  double  track 
swing  bridge  was  built  In  1B9B  across  KInnlcklnnIc  River,  near 
Milwaukee,  for  Ilie  Chicago  t  Northweatem  Ry,,  to  replace  a  single 
track  pin-connected  bridge  built  19  ysara  previously.  It  Is  a  rivet- 
ed lattice  truss  draw  bridge.  216  ft.  long,  trusses  27  fL  apart  In  the 
clear,  and  designed  for  a  load  of  two  ISIM-ton  rniglnaa  followed  by 
n  train  weighing  4,000  lbs.  per  lln.  ft.  on  each  track.  Its  walfht 
Is   1,200,000   lbs.   Including  track.  mBj;hlnery,  etc. 

Weight  and  Coat  of  a  1,B04-1t.  (3  Spans)  Cantllsvar  Double  Trsck 
Bridge.* — The  longest  cantilever  railway  bridge  In  America  Is  a 
bridge  flnlahcil  In  1903  acrotis  the  Monongahela  River  at  Plttsburs. 
(or  Ihe  Wnbasli  R.  R.  It  la  \,f>0\  fL  long  exclusive  of  approaches. 
Tlie  channel  span  Is  SIS  fL  c  to  c  of  piers,  and  each  of  the  shore 
spans  Is  346  fL  c.  to  c.  of  piers.  The  steel  towers  are  130  ft  high. 
and  Che  depth  of  the  sutvended  span  Is  60  fL  The  live  load  con- 
stats of  two  consolidation  engines  (on  each  track)  followed  bjr  a 
train  load  of  4,500  Iba  par  lln.  ft.  The  weight  of  the  superMructure 
Is  14.000, 000  Iba,  or  9,300  lbs.  per  lln.  fL  The  cost  o(  subatrvcture 
and   Biipei'slructure   was    (300,000.   or   tE33    per   Iln.    fL 

The  four  piers  were  sunk  to  rock  by  the  pneumatic  calsaoli 
process.  The  height  of  the  four  piers  averaxed  110  fL,  Of  which 
35  ft.  la  below  low  water. 

Weight  and  Cost  of  ■  1,2Be-ft.  (3  Spans)  Cantllavar  Double  Track 
Srltlge.*— A  double  track  cantilever  bridge  was  flnished  In  1>03 
across  llie  Ohio  River,  at  Mlngo  Junction.  Ohio,  for  the  Wabaah 
R.  R.  It  U  1.296  ft.  long  exclusive  of  approaches.  The  chaiuiel 
spun  is  70>>  ft.  and  each  of  the  two  shore  spans  is  298  ft.  c  to  c.  of 
plera.  The  eccol  towers  are  109  ft.  high,  and  the  depth  of  the  sus- 
pended span  Is  El%    ft.     Two  of  Ihe  piers  hai-e  calswu   founda- 
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tlona  and  are  115  tx.  high,  2E  ft  of  wblcb  Is  below  low  water  leveL 
One  pier  la  IDD  fc  hisli.  of  which  obIs  10  ti.  la  below  low  Water- 
There  la  an  abutment  (Instead  of  a  fourth  pier)  40  tC  blKb.  The 
w^hl  of  the  Buperatructure  Is  12.000,000  lbs,  sxclualve  of  ap- 
proaches. The  cost  of  the  substructure  and  superstructure  was 
tT&O.ODO,  or   (DTI   per   lln.   ft. 

Weight  and  Cost  of  a  2,750-ft.  (6  Spans)  Cantilever  Double  Track 
BrldBB'*— A  double  track  cantilever  bridge  waa  finished  In  1905 
across  the  Misaiasippl  River  at  Thebea,  IIU,  for  the  lillnolB  Central 
and  other  railwaj-a.  It  baa  a  lengfli  of  2,760  ft.  (exciUBiva  ol  con- 
crate  approaches)  and  consists  of  E  spajia:  one  B71  ft,  two  921  fL, 
and  two  618  (t..  ineasurod  center  to  center  of  piers.  The  steel 
Buperstmcture  weighs  24,000,000  Iba.,  and  coat  (I.IOO.OUO.  and  the 
subatrucCure  coat  1600,000,  a.  total  of  f2, 000,000,  which  is  MOO  per 
lln.  ft.  The  piers  have  an  average  height  of  about  IIG  ft  from  the 
cutting  edge  of  the  caisson  to  the  top  of  the  pier,  and  the  water 
averages  10  ft.  deep  when  low.  One  pier  waa  sunk  to  a  depth  of  40 
ft-  below  low  water.  Thers  is  a  double  track  concrete  viaduct  ap- 
proach on  each  etde^  having  a  total  length  of  about  1,20U  ft.,  con- 
sisting of  <G-ft.  arches.  The  height  of  this  viaduct  la  about  lOO  ft., 
and  ila  cost  was  laOO.OOO,  or  about  }2G0  per  lln.  ft. 

Weight  of  a  1,380-ft.  (3  Spans)  Cantllavsr  Highway  Bridge.*— A 
canillever  highway  bridge  was  finished  in  1903  ocroaa  the  Ohio 
River  at  Marietta,  Ohio.  lor  the  Ohio  River  Bridge  and  Perry  Co. 
JlB  length  la  1,380  fL  exclusive  of  two  approach  spans  of  320  ft. 
each  and  a  phite  girder  viaduct  640  fL  Ions,  but  with  these  the 
total  length  la  2,460  fL  The  width  la  23  fL  c  to  c.  of  trusses,  or  2& 
fL  clear  width  of  roadway  including  a  4U-fL  sidewalk.  The  live 
load  for  the  trusaaa  waa  assumed  at  60  iba  per  sq.  fL  ;  and  for 
the  Soor  system  it  was  assumed  at  SO  iba  per  sq.  fL  or  a  steam 
roller  of  IE  tona  The  cantilever  is  of  peculiar  design,  due  to  neces- 
sity of  providing  two  channels  and  of  placing  one  of  the  piers  in  a 
shallow  part  of  the  river.  The  length  of  the  main  channel  span  is 
650  ft ;  the  south  anchorage  span  Is  EOO  ft. ;  the  north  anchorage 
span  Is  130  fL ;  all  c  to  c^  of  plera  The  trusses  are  pin  connect- 
ed. The  floor  system  consists  of  plate  girder  floor  bemna  timber 
stringers,  and  plank  floor.  The  weight  Is  4,800,000  Iba,  Including 
the  approach   spans  and   Che  vladuoL 

Welebt  and  Cost  of  a  Scherzer  Highway  Lift  Bridga.t— A  3cherz- 
«r  rolling  lift  highway  bridge  was  buUt  In  18S7  across  the  Chicago 
River  at  HalBted  streeL  Length  of  movable  part.  ITS  fL,  divided 
into  two  leaves  3S  fL  long,  giving  a  clear  ^pan  of  ISl  fL  between 
faces  of  abutments  and  109  fL  between  pnrtectlon  pltcs;  length  of 
each  of  the  two  anchor  Bpona  SO  fL ;  total  length  276  fL  :  width  of 
carriageway,  34  fL  c  to  c.  of  truases;  width  of  each  sidewalk.  T^ 
fL  center  of  truss  to  center  of  hand  rail ;  total  width,  EO  IL  The 
bridge  was  designed  to  carry  100  Iba  per  sq.  fL.  or  an  IB-ton  motor 
car  followed  by  trailers  weighing  IE  ton^  each  on  an   8  ft  Wheel 
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bus  and  havliiK  IT  tt.  leagtK  The  walgbt  of  superatructnre,  In- 
dudlns  the  CO  ft.  at>proach  apana,  la  820  tons,  of  wblch  3(W  uni>  la 
counterwetghtK  The  treigbc  of  the  nuchlneiT  U  TO  ton*.  Bach 
leaf  le  operated  by  a  GO  HP,  motor.  It  requires  an  averase  of  «• 
MP.  to  <^Mn  each  loaf,  and  abovt  the  sune  for  clealiig.  tlM  thne 
required  being  %  mln.  to  open  und  the  same  to  cloee.  The  coat  of 
the  bridsB  to  tbo  dty  iraa: 

Subatnicturo   t  U,6t9 

Super«n>cture   , S6.4M 

Machinery    , ll.BtS 

Electrical   equipment    G.iOft 

Englneerlne.    Inspection,    temporary    fool    bridge    and    Inci- 
dentals          14.71* 

Total    flS3.eo« 

Cost  of  a  Sohener  Highway  Lift  BrWM.*-^n  ISM  a  echerser 
rollhiK  lift  hiKhwar  bridge  »-aa  built  acroaa  the  Cfafca«i>  Blver,  on 
Van  Buran  street,  Chicago.  The  apan  la  IIG  ft.  c  to  c  «f  bearliwa. 
glvlDK  a  clear  channel  of  lOB  fL  It  hoa  2  roadwa^-s  of  El  ft.  c.  to 
C  of  trusses,  and  3  aMewaHcs  of  8  ^  ft  each.  The  plera  ore  of  con- 
crete and  sandatone  maaoDry  reetlng  on  piles.  Baiii  leaf  of  the 
bridge  has  t  tnuaa*.  and  la  cOunterwelBhted  with  IIB  tona  of  cost 
InHL  The  floor  ta  plank,  resting  on  iteel  I-beama  Two  iO  HP. 
motors  opa«.te  each  leaf.  Teats  have  ^owu  that  It  requires  an 
average  of  SO  HP.  to  r^ae  one  leaf  at  a.  time,,  and  SI  HP.  to  ralae 
both  sIdM  almuItaneouBly. 

Bxcloalve  of  wiKlneerlng  and   inap«ctlon.  the  bridge  COM: 

Super«ructure    I  T3.1«0 

BubBtnicture    TS.6M 

Blectrlc  equipment  and  machinery 11, ISO 

Total   11  M,B6e 

Weight  of  a  Schcmr  Railway  Lift  Brldo*.* — A  double  track  bas- 
cule bridge  of  the  Schecaer  type  W»H  built  In  1901  to  replace  a  dniw 
bridge  hullt  IT  years  previously,  Che  draw  bridge  having  become  too 
light  for  the  traffic  on  the  Central  R.  R.  of  New  Jersey.  The  bridge 
ia  part  of  the  Newark  Bay  crosatng.  The  bridge  consists  of  two 
lift  qianH,  bade  to  back,  across  two  separate  channela  Each  of 
these  spans  Is  120  tt.  c.  to  c.  to  center  of  piers,  or  110  tt.  between 
piers ;  but,  due  to  the  skew,  the  clear  channel  width  la  only  Sj  ft- 
Bach  span  weighs  2.000.000  Iba.  about  half  of  which  Is  In  the  cast 
Iron  counterweight,  leaving  l.OOD.OOD  in  the  span  alona 

Walght  of  a  Schcner  Railway  Lift  Brida*-*— A  rolling  lift  brloge 
of  the  Scherxer  type  was  built  In  1B9B,  at  the  Port  Point  Channel, 
Boston,  for  the  New  York,  New  Haven  and  Hartford  Railroad.  H 
Is  a  skew  bridge,  the  skew  being  4S°.  One  truss  la  113  ft,  long,  tho 
other  being  64  ft.,  and  the  distance  from  center  to  center  of  chorda  la 
27  ft.  The  weight  Of  this  double  track  bascule  bridge  Is  SSI, 100  iba. 
The  counterweights  weigh  3,100  lbs.  The  time  to  operate  the  brldsia 
one  way  is  3E  seca  with  a  SO  HP.  motor. 
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BRIDGES.  1486 

C«*l  of  a  Paga  Highway  LIK  Brldga.*— A  trunDlon  baacute  hlgli- 
iray  bridBB  waa  built  In  IDOl  acroaa  the  Chicago  Kivar  at  Ash- 
land Br«ou«.  Tb*  brtdse  la  of  tha  Page  tFP«  and  conalata  of  two 
Icavea.  16S  ft.  e.  to  c.  of  trunnlona.  Tba  brldse  la  26S  ft.  long,  anil 
baj  a  cloar  waterway  of  140  ft  betw«ea  faider  pileiL  The  trumea 
are  40  tt.  c  to  c.  carrying  a  S8-ft,  clear  roadway  with  two  8-ft. 
cantUwer  aidvwalks,  making  a  total  of  51  ft.  of  floor  width.  The, 
brldgo  la  daBlnwd  for  a  live  load  of  100  Iba.  per  aa.  tt  for  the  road- 
war  and  go  tba.  for  the  aldBwallu;  concentrated  load  SO  tona  on 
two  axloa  12  ft  c.  to  c.  The  wel^t  <rf  steel  In  each  leaf  is  S40.- 
000  lb*.  There  are  about  620.000  Iba.  of  cast  Iron  for  counter- 
weights of  each  leaf.  The  aubatructure  raqulred  tha  following  quon- 
titles: 

Excavation t.SaO  cu,  yda 

Concrete 2.8S0  cu.  yds. 

Sheet  piling  and  bracing   210.000  ft  a  M. 

Timber   la  protection  work  and  dock lI,SDOrt.RH. 

nies  In  protection  work  and  dork T.IOO  lln.  ft 

Piles    In    coffer    dam     1,109  lln.  ft. 

The  contract  price  was: 

Substructure    f  lE.ElO 

Superatruclure  91.300 

Total     |11«,740 

Coal  of  a  Pass  Railway  Lift  Bridge.* — A  double  track  single- 
leaf  bascule  bridge  of  the  Page  type  waa  built  In  1*07  over  the 
Chicago  River  by  the  Chicago  A  Alton  Ry.  It  has  a,  apan  of  ISO  ft., 
and  there  Is  an  approach  span  of  04  ft  The  superstructure.  In- 
cluding cilecCrlcal  equipment  for  operation,  cost  }I1G.OOO.  The  sub- 
structure,  Including  the  removal  of  an  old  pivot  pier  and  some 
dredging  of  the  channel,  co«t  fGO.OOO.  making  a  total  coat  of  tlGS.- 
000.     The  substructure  contained  1.2O0  ca  yda.  of  concreta 

Coat  of  a  Trunnion  Baacula  (Lift)  Bridge.* — A  trunnion  bascule 
highway  brtdga  was  built  at  Clybourn  Place,  Chicago.  In  1003.  ac- 
cording to  designs  of  John  Ericson.  City  Ihiglneer.  The  bridge  Is  a 
fixed  center,  double  leat  counterbalanced  baacule,  liS  ft.  c.  to  c 
of  pivot  bearlnga.  and  ISO  ft  c,  to  c.  of  piers,  with  a  clear  channel 
of  100  fl.  between  the  guard  idles  that  protect  the  piers.  The 
length  over  all  Is  ISO  ft  Bach  leaf  has  three  through  trusses.  SI  fl. 
c  to  c.  and  the  total  width  of  the  bridge  Is  flO  ft.,  Ihe  sidewalks 
being  carried  on  9-ft  cantilever  bracketa  The  motive  power  Is  two 
38  HP.  Riotora  The  bed  of  the  river  Is  about  40  ft  below  the 
lower  chord  of  the  bridge,  and  the  water  la  23  ft.  deep.  The  aub- 
atructure is  of  concrete  raatlng  on  piles.  The  contract  price  wan 
ftO.OOO  for  aubatructure  and  (SG.OOO  for  auperatructure.  or  a  total 
«f  tlSG.ODO.  Tha  weight  of  rmch  leaf  la  (40,000  Iba  Including  struc- 
tural Metf.  cast  Iron  rack,  tlmt>er  and  counterweights.  This  Is 
«aulralent  to  nearly  (1.300  per  lln.  fL  of  qian  between  piers;  or 
«8«0  per  lln.  ft  of  total  length. 

cost  of  a  Trunnion  Bascule  (Lift)  Bridga.'—A  trunnion  bascule 
hlgiiway  bridge  waa  built   In   1903  at   Northwestern  avenue,   Chl- 

'Snfftneerhi  t-  Co»traeHng.  Dec  S.  1108. 


im  HANDBOOK  OF  COST  DATA. 

oaga  It  con^Btii  ot  two  leavea.  ajid  the  span  i 
tninnlDHB  la  205  fL,  while  the  span  between  abutments  Is  1!)0  ft..  >uiil 
the  clear  width  of  the  channel  Is  ie&  ft  between  the  timber  pro- 
tection works  There  are  three  lines  of  tniaees  SI  ft.  c.  to  c,  and 
i  ft.  cantlkv-er  sidewalks,  making  a  total  width  of  80  ft.  There  are 
two  approach  spans,  one  of  TG  ft.  and  one  of  IT  fL  Tbe  total  lenxth 
of  the  bridge  Is  3S1  fL,  and  It  contains  2.180.000  IliB.  of  stnctunl 
Meel.  1. 400.000  Iba  of  counterweight  pig  and  cast  Iron,  and  ZOD.OflO 
Ibi.  of  marhlnsry.  The  aubstructure  conBista  ot  4.5D0  cu.  yds.  of 
concrete  and  300  cu.  yda  of  rubble  curb  walla  for  the  approaches. 
The  contract  price  for  the  subHtnicture  was  fSS.iOO,  and  |IOS.SO> 
for  the  Buperatnicture.  a.  total  of  »28B,700. 

Weight  or  an  MO  ft.  Span  Arch  Bridge.'— The  Nlasara  Falls  and 
CItfton  ateet  arch  bridge  was  built  In  1S9d-IS3S.  It  conalatB  of  a. 
main  span  of  HO  ft.  and  two  end  qwn^  one  ol  190  fL  and  the  other 
of  210  ft.,  giving  a  total  len^h  of  1,210  fL  The  main  arch  sprinKS 
from  tlie  solid  rock.  The  arch  la  two-hinged,  parabolic,  and  baa  a 
rise  ot  137  ft  The  end  spans  are  pin-connected.  Inverted  bow  string 
imsseH.  The  brliigo  carries  on  one  level  two  lines  Ot  trolley  car 
trficks.  two  carriageways  and  two  sidewalks  having  a  total  width  of 
46  ft  There  are  1,037  cu.  yds.  of  masonry  In  the  Mubstructura.  The 
matorlalH  used  lii  (he  main  span  were  as  totlowa: 

Lbs. 

Two-nrch  trusses,  not  Including  laterals l.g73,S&G 

Lnternla  of  arch    : 383.S2 J 

Benia   including  lateral  bracing 460,577 

•...ingltudinal    bracing    1S0.70S 

Hkewbacks  and    shoes    22e.G3l 

Floor  system 7SS.2S7 

Total    1.S51.031 

In  addition  there  were: 

New  York  end  epiin 344.88J 

Canadian  end  span 371.TI1 

Hand  rail  and  floor  fatrtenlngs 83,048 

MlBcellaneouB   ineld  rivets,  etc.) 81.333 

There  were  S4G.000  ft.  B.  U.  of  timber  In  the  pemuuiant  floorlng- 
Walght  and  Cost  of  a  lOB  ft.  Span  Arch  Bridge.*— A  steel  arch 
highway  bridge  was  built  In  1300  across  Nln»-Ulle  Sun.  at  Pltta- 
hurg.  The  total  length  le  444  fL  The  carriageway  la  31  fL  wide,  on 
each  aide  of  which  Is  OH-ft  cantilever  sidewalk,  making  a  total 
width  ot  4S  fL  of  floor.  It  consists  of  a  iteti  arch  Bpan,  KG  ft-  c 
to  c.  of  pins,  and  a  ateel  viaduct  approach  of  five  i4-fL  plEta  girder 
spans  on  eech  side  of  the  arch  span.  The  arch  span  Is  a  pair  of 
thrce^hlnge  plate  girders  The  sidewalks  and  carrlaKeway  are  made 
of  buckle  plates  and  concrete,  the  carriageway  being  paved  with 
asphalt.  The  arch  has  a  rise  of  59  ft :  and.  as  the  ground  rlBea 
rapidly  from  the  skewbacks  toward  ecwh  end  ot  the  bridge,  the 
at'erage  height  of  the  viaduct  approaches  is  about  holt  this  riaa.  or 
30  ft 
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The  materials  n^re  as  (allows : 

Slructuml  sceel   (Iba.) 1,467,000 

Hading,   889   Hn,    ft.    (lba> 00,000 

SlonB  MoBonry  (cu.  ydB.) 1,110 

Concrete   (cu.   yds.) Jg7 

Paving  on  rondway  (oq.  yds.) ,  1,800 

Paving  on  sidewalk  (aq.  ft, ) E,SO0 

Curb   (Iln.   U.) 890 


The  total  contract  cost  was  186. S34.  Including  J5SB  (or  mill,  shop 
and  fleld  Inspection  of  the  steel,  or  TO  eta.  per  ton  tor  inspection. 
This  Is  equivalent  to  tISS  per  Iln.  ft.,  or  f*  per  sq.  It,  of  floor. 
Walfiht  of  ■  207  ft.  Span  Arch  Bridne.*— A  slnEle  track,  three- 
hinged  steel  arch  bridge  was  flnlehed  In  1903  across  the  Henominee 
River,  Michigan,  for  the  Chicago,  Milwaukee  &  St.  Paul  Ry.,  replac- 
ing a  steel  bridge  buHt  IT  years  previously,  which  had  grown  too 
light  for  the  Cradle.  The  bridge  is  35B  ft  long,  consisting  of  a 
three-hinged  arch  of  ZOT  ft.  span  and  four  plate  girder  approach 
spans  of  39^4  ft.  each.  The  trussea  are  22  ft.  c  to  c.  The  arch 
has  a.  rise  of  E2  ft  The  irldgo  Is  designBd  according  to  Cooper's 
speclflcations  for  a  live  load  of  two  consolidation  Class  B-GO  loco- 
motives and  T.OOO  Iba  per  Iln.  fL  behind  the  englnea  Tlie  weight 
of  Eteel  In  the  arcti  span  Is  480,000  Iba,  and  In  the  approach  spans  It 
Is  160,000  lbs. 

Weight  Ind  Cost  of  a  440  ft.  Spin  Arch  Brldo*-*— A  steel  bigh- 
way  bridge  was  built  in  1900  in  Pittsburg.  It  Is  known  as  the  Oak- 
land Bridge.  IC  Is  800  ft.  long  and  has  a  roadway  20  ft.  wide,  with 
a  T  f t.  cantilever  sidewalk  on  each  side.  It  consists  of  an  arch  hav- 
ing a  Ei>an  410  ft  and  a  rise  ol  70  ft.,  and  a  steel  viaduct  approach 
at  each  end  of  the  arch,  the  spans  of  the  approach  girders  l>elng 
30  to  40  ft,  each.  The  arch  span  consists  of  two  lattice  girder  arch 
ribs,  abutting  on  concrete  abutments  built  on  the  solid  roct  The 
arch  Is  not  hinged.  The  cost  of  this  bridge  was  IISS.OOO,  which  is 
Wiuivalent  to  tlT2  per  Iln.  fC,  or  (4,60  per  sq.  fL  of  Hoor  area. 

Cost  of  Sleel  Arch  Bridge.*— A  steel  highway  bridge  was  built 
In  1908  across  the  Potomac  River,  at  Washington.  D.  C.  The  bridge 
Is  1,000  ft.  long  between  abutments,  and  consists  of  0  three-hinged 
arch  spans  of  12S  ft.  each,  and  one  two-leaf  bascule  span  of  103  ft. 
Each  of  the  arch  spans  has  six  plate  girder  riba  The  biidgo  Is  48 
ft.  wide  between  handrails,  having  two  0^  ft.  sidewalks  and  a  S5 
ft.  roadway.  The  rise  of  the  arches  Is  14  ft.  and  the  height  of  the 
piers  averegea  at>out  EG  ft.  to  the  spring  line.  The  concrete  piers 
rest  on  pile  foundations.  The  site  of  each  pier  had  to  be  dredged 
before  driving  the  pilea  The  low  water  surface  Is  about  10  ft 
below  the  spring  line  of  the  arches.  The  biidgo  cost  (376,000.  or 
93T6  per  lin.  ft.  or  (7.80  per  sq.  ft 

Weight  of  the   Burlington   Bridge  of  the  C,   B.  i   Q-t— In  18S0  K 
double  track  steel  railway  bridge  was  built  across  the  Hlsslaalppl 
jrllngton.  for  the  C.  B.  ft  Q.  R.  R.,  to  replace  a  ttniila 
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track  Iron  bridge  built  iZ  years  before.  Th«  6  qnuB  of  2S0  ft  euh, 
weighed  3,340  Iba.  pra  lln.  fL  Tbe  draw  apaa  of  3«3  ft.  weicbad 
S,9E0  IbB.  per  lln.  fL  Tbe  bridge  wha  deHigDod  to  carry  a  movtnx 
load  of  g.OOO  lbs.  per  ft.  of  double  tiafk  structure  (1,000  Iba.  per 
ft.  of  Biagle  track),  this  load  being  increoMd  Si%  In  sstlmatbiK 
the  variable  effect  of  a.  moving  load. 
The  cost  of  efiglneerlng  nae  G%  of  tbe  total  coat  o(  plera  and 

Weight  of  a  Doubia  Track  Draw  Brldae,  195  ft.  Spin.— A  double 
track  Bwlng  bridge  (through  riveted  tniaa)  was  built  in  1991  acroM 
the  Hackensack  River,  N.  J.,  for  the  D.,  L..  A  W.  By.  It*  weictat 
ia  1.201,000  iba  and  Its  length  la  1S5  ft. 

Welaht  of  a  B33  ft.  Span  Railway  Bridge  and  or  a  SZS  ft.  Draw 
Span  Acroaa  the  Delaware.— A  double  track  railway  bridge  was 
built  In  1896  acroea  the  Delaware  River,  at  Brldesburg.  for  the 
Pennsylvania  and  N.  J.  R  H.  Co,  There  are  three  spane  oT  G3I 
ft.  each,  and  ;t  draw  span  of  S£3  ft  The  weight  of  sted  In  eadi 
of  the  three  533  ft.  npana  Is  4,182,000  Iba 

The  wetglit  of  the  elrel  In  the  draw  span  with  riveted  work  Is  1,- 
50B,0Da  lbs.,  and  the  weight  of  the  machinery  Is  356.000  Iba.  total 
1.3ei,00D  lbs. 

A  Bteel  traveler  was  used  to  erect  tbe  bridga  The  traveler  Waa 
110  ft.  high.  41)  ft.  wide  at  the  bottom  and  81  ft  wide  on  top.  Its 
weight  was   292,000   lbs.   without   trucha 

Weight  of  a  Hlohway  Cantilever  Bridoe,  1,024  ft.  L^ng.— Ur 
GuBtave  Kaufman  gives  the  following  dala  relative  to  the  welglit  of 
a  bigliway   bridge  at    Cincinnati,   built   In    1S9D. 

The  cnntllever  bridge  has  a  span  of  520  ft.  c  to  c.  Of  plera.  and 
the  shore  arms  of  the  cantilever  are  each  Zl>2  ft.  long,  making  a 
total  length  of  1.021  ft.  This  does  not  include  several  ai>pro«d< 
spans  on  each  side. 

The  tvel.eht  of  metal  is  as  follows : 

Lba. 

Shore  firms  of  cantllwer 1.3T6,)T« 

River  arms  of  cimMlover e»1.3«» 

KiiEpended    span    (20g    ft.) 335.1S& 

Total    2.10J.5:s 

It  required  %  gal.  of  paint  per  ton  of  metal  tor  two  coata 
The  bridge  trusses  were  designed  for  u  live  load  of  80  Iba  p^  aq. 
ft.  The  stringers  and  llaor  beams  were  designed  for  a  live  load  or 
100  Iba  per  «|.  ft,  or  a  IS-ton  steam  roller.  The  roadway  con- 
sists of  E  tines  of  Iron  stringers  riveted  to  Iron  floor  beams,  and 
covered  with  cross  tlmbera  spaced  30  Ina.  c.  to  c,  to  which  ar« 
■piked  two  layers  of  oak  flooring  having  a  total  thickneaa  ca  Shi  Ina. 
The  roadway  Is  2  ft.  wide  in  the  clear,  and  the  sidewalks  (whlcb 
are  on  brackets  outside  of  the  truaaea)  are  each  T^  fL  wld«  In 
the  oloar. 

I  Bridoe  Erection. — The  coat  of  erect- 
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cost  of  fttlBBWork.  and  (2)  coat  of  erectlnB  Ihe  steel.  Usually,  how- 
ever, englneerB  who  have  publlBhed  cost  data  have  unfortunately 
lumped  these  two  ilema  together. 

The  coBt  o(  falsework  for  any  given  bridge,  and  of  a  traveler  of 
given  design,  can  be  esllmated  from  the  data  given  in  the  BactiOB 
on  Timherwork,  and  from  data  In  the  following  pages. 

It 'should  be  remembered  that  railway  plate  girder  bridges  are 
usually  erected  with  little  oi  no  falsework.  Railway  plate  girders 
up  to  SO-ft.  span,  and  ocraslonaliy  up  to  liO-ft.  span,  are  dipped 
t\s  single  plecea  Short  glrd&rs  are  skidded  Hat  Into  position  from 
the  car  and  then  turned  on  edge.  Long  girders  may  be  lifted  from 
the  mrs  by  gallows  frames  and  lowered  to  position. 

Swing  bridges  are  erected  on  the  pile  fender  or  guard  pier,  which 
serves  as  the  falsework.  This  makes  the  cost  of  erection  much  leas 
thiin  fur  truM  bridges  for  which  falsework  must  be  built. 

Steel  viaducts  are  erected  with  travelers,  so  that  no  falsework  ia 
required. 

The  cost  of  materials  and  of  labor  on  steel  bridges  should  be 
recorded  In  terms  of  the  pound  of  steel  as  the  unit  or  In  tonus  of 
the   ton   of   2. ODD    Iba 

Cost  Per  Lin.  Ft.  and  Par  Sq.  Ft.— It  Is  customary  to  state  the 
cost  of  railway  bridges  In  terms  of  (he  lineal  foot  of  span,  while  the 
cost  of  highway  bridges  Is  preferably  reduced  to  the  square  foot  of 
Hoar  area  as  the  unit.  However.  It  should  be  remembered  that,  in 
either  case,  the  unit  cost  increases  rapidly  as  the  span  Increases. 

The  cost  of  viaducts  is  often  given  in  terms  of  the  square  foot  of 
proflle  area :  but  care  should  be  taken  to  state  whether  the  total 
profile  area  Is  estimated  below  the  base  of  the  railway  rail,  or  below 
Ihe  top  of  the  towers. 

Most  Economical  Span.— Mr.  J.  A.  L.  Waddell,  M.  Am.  8oc. 
C.  E..  was,  I  believe,  the  ilrst  to  enunciate  the  following  theory  (In 
I81D)  :  "For  any  crossing.  Uie  greatest  economy  will  be  attained 
when  the  cost  per  lineal  foot  of  the  substructure  Is  equal  to  the 
cost  per  lineal  toot  of  the  trusses  and  lateral  qrstems."  Note  that 
Ihe  cost  of  the  floor  system,  being  practically  Independent  of  the 
length  of  the  span,  does  not  mtsr  into  this  general liatlon. 

The  following  Is  the  demonstration  of  this  theory:  Assume  a 
bridge  crossing  of  indetlnite  length,  with  the  depth  to  bedrock  con- 
stant.     I«t 

iS  =  cost  per  IJn.  ft.  of  substracture. 

r  =  cost  per  lln.  ft.  of  trasses  and  laterals. 

J^=  cost  per  Iln.  ft.  of  floor  system. 

Freest  per  lln.  ft.  of  entire  bridge, 

L  =  length  of  each  span. 

r  =  8  +  T  +  F. 

Assuming  that  slight  changes  In  L  will  not  materially  affect  the 
■lie  of  the  piers,  8  will  vary  Inversely  as  L,  hence 
K  • 

8  = ,  K  being  a 
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Bui,  for  Blight  changes  ot  L,  T  varies  nearly  directly  as  I>,  hence 
T=C  L,C  beins  a  couscanL  Since  F  la  practically  a  conBtant.  being 
a  function  of  panel  length  and  not  of  span  lenglli,  we  have 


fhlch  y  l8  to  be  made  a  minimum.     Dlfferenlloting  w«  have 

—  KdL  dY  — 

= [-C  d  L,  whence,  by  putting =  O,  we  have  — 


A  further  dllfereDtlatJon  shows  that  the  result  corresponds  to  a 
nilntmuRi.  Although  no  bridge  Is  Indeflnlte  in  length,  and  although 
ledge  rock  usually  Is  found  at  different  depths,  still  this  same  prin- 
ciple may  be  appUed'to  each  pier  and  the  two  spans  that  it  helps  to 
support,  by  making  the  cost  ot  the  pier  equal  to  one-half  the  total 
cost  of  the  trusses  and  laterals  of  the  two  spans. 

Tlie  principle  obviously  appllee  to  trestles,  viaducts  and  elevated 

In  an  ordinary  viaduct,  consletlng  ot  alternate  spans  and  tawera. 
the  cost  ot  alt  the  girders  In  two  spans  (one  span  being  over  the 
tower),  plus  the  cost  ot  the  longitudinal  bracing  of  one  tow^r. 
should  equal  the  cost  ot  the  two  bents  ot  the  tower  plus  the  cost 
of  their  masonry  pedestals. 

In  an  elevated  railway,  the  coot  of  the  stringers  or  girders  ot  one 
span  should  equal  the  coat  of  one  bent.  Including  Its  pedeMals. 

The  Lite  ot  Steet  Railway  Bridge*.* — Considering  the  economic 
Importance  of  the  subject,  it  is  astonishing  that  no  tabulateil  sta- 
tistics as  to  the  lite  of  American  steel  railway  bridges  can  be  found 
in  print 

Bridge  engineers  are  accuMomed  to  denominate  wooden  bridges 
as  "lemporary,"  while  they  call  steel  bridges  "permanent."  The 
annual  reports  of  railway  managers  to  stockholders  contain  these 
expressionB.  and  there  Is  a  general  acquiescence  in  the  propriety 
or  their  application.  But  the  tacts  are  that  steel  railway  bridges 
are  so  far  from  being  permanent  that  they,  too,  should  be  classed 
us  temporary. 

U'e  must  not  be  misunderataod  as  decrying  the  lasting  qualities 
of  xteel  Itself,  for  there  Is  abundant  evidence  that  Iron  and  steel 
arc  exceedingly  laBIlng  under  certain  condltlona     Let  us  Illustrate. 

The  "llrst  Iron  railway  bridge^'  was  built  In  1823,  for  the  Stock- 
ton ft  Darllnirton  Ry„  at  West  Auckland,  England,  and  was  not 
removed  until  190:?,  after  ED  years  ot  service.  This  bridge  ts  Illus- 
trated and  described  In  the  "Railroad  Gazette."  July  8,  1904,  p.  135. 
The  bridge  was.  In  tact,  an  Iron  trestle  with  cast  Iron  posts  and 
four  Iron  spans  ot  12  ft.  8  Ins.  each.  The  spans  consisted  of  double 
arch  members  of  wrought  Iron   united   by  cast  Iron   strutK 
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A#  la  well  known,  the  lite  of  an  Iron  or  atreet  railway  brtdge  Is 
not  United  by  the  durabMlty  of  the  bridge,  but  by  Its  ability  to  with- 
stand tbe  Bteadlty  IncreaatnK  loads  Imposed  upon  IL 

The  averBge  age  ot  the  1,000  locomotlvee  In  ubo  on  the  Northern 
Pacific  Railway  la  lO.l  yeara.  There  are  In  service  (ar,  at  least, 
there  were  tw-o  yeara  ago)  aevaral  locomotives  34  years  old.  Thla 
road  has  been  In  existence  so  long:  that  Ita  rolling  stock  may  be 
said  to  have  reached  a  condition  of  normal  renewals.  When  a  con- 
dition of  normal  renewala  la  reached  as  to  croas  ties,  the  life  ot  the 
average  tie  la  Juat  twice  the  age  of  the  exlatlng  average  tie.  If  the 
age  of  the  average  tie  la  found  to  be  E  yeara,  and  a  condition  of 
normal  renewals  of  10  per  cent  per  annum  exiata.  In  like  manner, 
rolling  stock  ultimately  approximates  a  condition  of  normal  re- 
newals. It  does  not  reach  exactly  that  oondllton,  due  to  the  steady 
(Towth  ot  traRic  on  the  railway.  But,  If  we  multiply  the  10.4 
years  by  3,  we  have  20.8  years,  which  la  the  approximate  average 
Ule  of  locomotlvea  on  the  Northern  Pacific  Ky.  Due  to  the  In- 
creiae  In  the  number  of  locomotives  each  year,  the  true  average 
life  is  slightly  greater  than  the  £0.8  years  thus  ascertained. 

Since  there  has  been  a  complete  renewal  of  looomotlveB  In  about 
20  yaara,  and  alnce  the  locomotives  have  grown  progressively  heav- 
lei,  it  It  logical  to  look  for  a  renewal  of  steel  bridges  in  about  the 
sane  length  of  time*  and  In  fact  thut  is  what  has  occurred.  Table 
I' shows  the  lUo  of  10  bridges. 


Tablb 

T- 

1    OF    TBS 

C- 

M 

.Rock    Riv 

..    JKS4 

Sangamon   River 

J C.   B.  A  q Big  Rock  Creek IS-SL  22 

4 III.     Cent Big  Muddy  Rlvei'....    1»89  13 

E Ill,     Cent Tenneaaee    River    ....IStlS  IT 

e C.   &  N.   W Klnnikinnlc   River...   ISRO         19 

7 P.     M St.    Joseph  River 1887  17 

S Grand    Trunk Niagara     1877  IS 

9 C.  M.  ft  St.  P Menominee   River 18S«         17 

10 C,  R.  n.  nf  N    J. Newark    Bay ISS7  17 

Average  of  the  above I8.i 

It  will  be  noted  thni  the  average  life  of  these  10  steel  railway 
bridges  has  been  IS.l  years.  When  It  Is  remembered  that  the  life 
of  an  uncovered  Howe  truss  wooden  bridge  Is  rarely  lesa  than  10 
years  and  la  frequently  20  years  (see  committee  report  of  the  As- 
KK-iatlon  of  Railway  Superintendents  of  Bridges  and  Buildings. 
October.  1899),  what  becomes  of  the  designation  '"permanent"  as 
ipplied  to  steel  In  contrast  wlih  wooden  railway  bridges?  The 
tonsensuB  of  opinion  given  in  the  report  above  cited  was  to  the 
tffect  that  a  Howe  trusa  properly  housed  in,  would  last  more  than 
40  years.  A  housed  in  wooden  highway  bridge,  of  the  Howe  truss 
t/pe,  was  taken  down  at  Zanesvllle.  Ohio,  after  65  years  of  service. 
With  such  statistics  before  us.  we  nre  forced  to  conclude  that 
most  railway  bridge  engineers  have  fallen  into  serious  error  In 
not  giving  proper  consideration  to  Ihe  temporary  character  of  steel 
railway   bridges  as   heretofore   designed. 
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While  w«  cannot  predict  with  aecuracj-  what  the  h 
wfty  bridge  loading  will  be  In  the  future,  there  Is  nothing  more  cer- 
tain than  that  an  Increaae  will  occur.  Since  the  flrtt  niilway  wiw 
built,  there  haj  been  a  Bteody  growth  In  the  aise  or  locomotlTea  and 
cars.  When  will  It  ceaae?  No  man  can  telL  Therefore.  If  we 
plan  for  tha  tuture  upon  the  teachlngn  of  the  past  E9  years,  we  must 
either  make  due  allowance  for  Increased  weight  of  rolling  stock 
when  designing  steel  railway  bridges,  or  we  must  cease  catling 
them  "permanenl"  and  apply  to  them,  as  to  timber  bridgea,  their 
proper   designation,    "tempomry." 

In  addition  to  the  important  bearing  that  such  Btatistlcs  as  are 
here  given  have  upon  bridge  design,  there  Is  the  further  Impor- 
tance of  Buch  data  In  solving  problems  of  railway  appraisal.  In 
making  his  appraisal  of  railways  of  Washington  for  the  State  Rail- 
road Commission.  Mr.  H.  P.  QUIette  had  to  make  an  estimate  of 
the  "present  value"  of  all  atructures.  Nearly  all  the  steel  ruilwai' 
bridges  In  ^asliinifton  are  comparatively  new,  and,  as  the  -.tp- 
praissl  of  the  railways  was  made  primarily  for  rate  making  pur- 
poses, Mr.  tlillette  assigned  no  depreciation  to  the  steti  brldgw- 
Thla  gave  the  rellweya  more  than  "the  benpflt  of  the  doubt."  for 
there  can  be  no  doubt  that  there  la  no  real  permanency  In  steel 
railway  bridges  as  at  present  designed.  For  taxation  purposes.  It 
Is  clear  that  a  depreciation  of  about  S  per  cent  per  annum  shoild 
be  made  from  the  first  cost  of  all  steel  railway  bridges. 

Even  a  casual  study  of  bridge  books  and  bridga  literature  mutt 
impress  an  engineer  with  the  lack  of  attention  that  engineers  have 
given  to  this  all  Important  subject  of  the  life  of  bridges.  The  text 
books  treat  the  problems  ot  bridge  design  largely  as  problems  li 
pure  mathematics  and  mechanics,  and  ignore  many  equally  taipoi^ 
tant  principles  of  bridge  economics,  UoM  of  the  de- 
signers of  reinforced  concrete  railway  bridges  are  making  the  same 
blunders  tliat  have  characterlied  the  designers  of  steel  railway 
bridgea;  namely,  designing  for  present  loadings  without  provision 
for  the  future. 

Life  of  Railway  Bridges.— Mr.  J.  E.  Greiner  states  that  the  life  rf 
Iron  or  steal  railway  bridges  "has  bofin  scarcely  ZE  years,"  due  to 
the  steady  Increase  In  the  weight  of  locomotlvBS.  He  gives  tie 
following  table  of  weights  ot  locomotives  In  the  Baltimore  ft  Ohio 
Ry.,  for  60  years; 

Tear.  Weight  in  t«i«- 

1835 10.7 

1851 37.3 


1895 »6.o  (tfeetrio) 

Increase  between  ISS5  and  133S  has  been  TE%.  or  7^%  pet 
The  Increase  between  1835  and  1S3E  has  been  7BS%  for  61 
or  137c   per  anniun. 


Amount  e(  work  Dcna  Per  Man  In  ■  Large  Bridge  work* At 

the  Pencoyd  works  ot  the  American  Briage  Co,  the  followlns  was 
the  Mnount  of  nork  done  In  the  flret  half  of  the  year  IROl :  The 
number  of  men  employed  waa  T6E  (of  whom  tS  n-ere  draftamen) 
end  the  output  was  82,«0O.aOO  lb&  In  6  moB..  or  nearly  1 3.84(1. 000 
lbs.  per  mo.  The  average  output  per  man  per  monih  waf,  there- 
fore. 18,300  Iba.  The  output  of  eaoh  ot  the  ditterent  claeves  of 
men  was  as  follows  per  month : 

Pounds. 

Drattsmen    (98   men* 140.000 

Twnplsteri  <S0  men) 4ES.00ft 

Bridge  shop   21,300 

Forge    ll.OOft 

Bye-bar  diop   35,400 

The  output  per  draftsman  was  found  by  dividing  the  total  out- 
put of  the  works  by  the  number  of  draftsmen  employed :  In  like 
manner  the  output  per  templater  was  calculated ;  but  the  output  ot 
each  man  In  the  bridge  shop,  forge  and  eye-bar  shop  was  calcu- 
lated only  on  the  basis  of  the  number  of  pounds  handled  In  each 
of  those  d^>artinents. 

Cost  of  Erecting  A.,  T.  «,  S.  F.  Ry.  Brldges.—The  average  cost 
per  ton  of  the  bridges  erected  on  the  Atchison,  Topeka  £  Santa  Fe 
Ry.p  In  1»07,  all  of  which  were  on  the  main  line  of  this  railway, 
and  consequently  made  It  necessary  to  contend  with  all  trains  was 
as  follows: 

Per  ton. 
Trusses.  984  tons  erected (4.63 


I-beams,  2,837   Ions  erected 2.SK 

All  the  girders  and  I-beams  were  ereoled  with  ateam  wrecker 
and  through  spans  with  the  derrick  car.  it  will  be  noticed  [hat  the 
girder  work  cost  more  than  the  trusses,  the  reason  tor  thta  being 
that  a  good  part  of  the  girder  work  was  on  second  track,  where  one 
girder  had  to  be  cut  apart  and  moved  to  the  outside  and  a  heavier 
girder  eet  In  Its  place.  The  bridge  gang  traveled  over  a  territory 
ot  G.OOO  miles  and  the  cost  of  moving  was  also  charged  to  the 
bridges.     The  riveting  was  done  by  hand. 

Falsework  tor  a  Railway  BrldBe-* — The  nt-w  Havre  de  Grace 
bridge  tor  the  Pennsylvania  H.  R.  In  Maryland  of  155  ft.  and  one 
of  193  ft.,  Is  a  double  track  deck  truss  structure  about  l.llG  fL 
long  composed  ot  one  3S0-tt.  swing  span  and  IT  tlxed  spans  from 
192  ft.  to  SEE  ft.  long.  The  swing  span  and  the  S  nxed  spans  were 
fabricated  and  erected  by  the  American  Bridge  Co.  The  swing 
span  was  erected  up  and  down  stream  on  the  fender,  and  the  fixed 
spans  were  erected  on  pile  trestle  falsework.  The  construclion  of 
the  falsework  trestle,  the  method  of  Its  erection,  and  the  total  and 
unit  quantities  of  lumber  used  are  given  In  this  article  from  data 
furnished  by  Hr.  H.  F.  LoRand.  Oeneral  Manager  of  Srection, 
American  Bridge  Co.,  Philadelphia.  Pa. 

•Abstracted  from  Enfftneerino-COKlraclIno,  June  S,  1907,  but 
emitting  the  dmwlnga. 
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Under  the  ahora  span  (19!  ft.)  a  falsework  at  fraineil  beoLS 
constructed  was  empLoyed.  In  deeper  water  pile  benlB  were  used 
Willi  the  caps  directly  on  the  pile  tops  and  every  other  panel  braced. 
The  Duint>er  ot  pilee  In  a.  bent  was  Increased  with  the  Increase  In 
the  depth  of  water ;  tor  spans  2,  Z,  S  and  9  six  pile  bents  were  used, 
and  for  spans  4  and  T  eight  pile  bents,  white  spans  5  and  t  had 
double  bents  of  eight  piles  each.  The  S-pUe  double  bents  were  two 
bents  of  S  piles  each,  the  bents  being  spaced  4  ft.  c.  lo  c.  The 
longitudinal  bracing  was  universally  IxS-In.  stuff  for  diagonals  ntid 
6x8  In.  stuff  for  horlKontals. 

The  method  of  construction  was  to  drive  the  piles  for  all  nine 
spans  complete,  then  to  complete  the  (alseworkB  for  the  first  five 
■pans  and  finally  lo  transfer  the  caps  and  bracing  to  spans  i,  ', 
S  and  D  from  preceding  spans  aa  fast  aa  these  were  erected.  The 
piles  ran  from  50  to  3D  ft.  In  length  and  were  driven  to  a  pene- 
tration of  2^  ft.  in  all  spans  except  5  and  E.  where  a  penetration 
of  only  20  ft.  was  permitted.  The  schedule  of  piles  tor  the  several 
apans  was  as  follows; 
Spans.  ,  No.  piles.  Total  lln.  ft. 

2-3 48  2.401) 

3-1 48  2.550 

4-S 64  4. MO 


8-9 4S  2,7«0 

9-10 4S  2.880 

Total 576  40.430 

There  were,  therefore,  about  IS  lln.  ft  of  piling  used  for  lineal 
foot  of  span,  not  counting  the  posts  In  the  pier  bents. 

The  falseworhs  were  proportioned  for  a  maximum  concentrated 
live  load  at  one  comer  of  the  traveler  of  35.000  lbs.;  It  was  also 
proportioned  for  the  following  panel  loads:  192-fl.  si>an.  dead  load 
due  to  steel  superstructure,  45,000  lbs.,  live  load  due  lo  hauling 
out  materials,  Z4,O00  lbs.;  25G-ft.  spans,  dead  load.  TO. 000  lbs.,  live 
load.  35,000  lbs.  As  stated  above,  caps  and  bracing  for  spans  1. 
3,  4  and  ^  were  reared  In  spans  fl,  T,  3  and  9.  The  total  falsework 
In  addition  to  piling  was  then: 
Span.     Description.  Ft  B.  H. 

1-2— Bents  and    bracing 22.720 

2-3 — Caps  and  bracing 12.147 

3-1 — Taps  and   bracing 12.147 

4-5 — Caps  and  bracing 20,J2E 

6-6— Cops  and   bracing 31.824 

Total     9»,16S 

This  total  Is  excluBlvi-  of  the  timber  In  the  posts  ot  the  pier 
benta  These  posts  are  12x12  Ins.,  and  average  about  41  ft.  In 
length ;  there  are  (our  posts  to  each  bent  and  17  bents.  Thoy  eon- 
tain,  therefore.  492  X  1  X  17  =33,lHfl  ft  B.  M.,  which,  added  to  Iho 
above  loUil.  gives  132,619  ft.  B,  M..  or  60  ft  K  U.  per  llnetil  foot 
of    bridge    <rlver   spans).      The   totnl   weight    of  steel   In    the   river 


■pans  waa  Ifl.OOl)  tons,  so  that  there  were  used  6.T1  lln.  tt.  ot  piling 
and  about  22.1  ft.  B.  M,  of  falBewark  timber  per  ton  of  Meel. 

Com  of  a  Stiel  Railway  Brldga  and  Foundatlona.— Mr.  W.  A, 
RoKSrs  gives  the  following  data  relative  to  erecting  a  4-Bpan  alnKle 
track  bridge  across  Oranil  River.  Mo.,  for  the  C.  M.  &  St.  P.  Ry.  In 
13»5.  The  -1  spans  were  138  f(-  long  each,  and  neighed  ITS.SDO 
lbs.  each.     The  work  waa  dona  by  company  forces  at  the  fotlow- 

Falsetcork— 

Materials t 

Total (3.691.; 

Material     t 

Train  sert'ice  

Total     %    747.S 

Foundation   Three  Moaonrj/  Piera — 

Material    (plies  and   timber   grillage) t 

Total     J2,3HA\ 

Btonetcork  Three  Hoaonrv  Pier* — 

I43.0S0   iba    stone    t2,061.»: 


Total     |S,747.1i 

in    Superatruciure — 

700.009    Iba    wrought    Iron |17,S16.9; 


Total    »19,<a3.1! 

Hatcrliils     Il.051.3i 


Grand   total    137, 

This  la  equivalent  to  nearly  (70  per  IIil  ft  for  t 


:  &Ei  lln.  tt 
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Tbe  Bret  Iteoi  at  falMWOrk  iDcludeB  taklnK  down  4  old  Howe  (ruan 
bridges.  Tiie  folrcwork  Item  amounta  to  t6.B3  per  lln.  ft..  Etnd  t* 
equivalent  to  O.S  eta.  per  lb.  ot  Iron  in  tbe  bridsK  Tbe  eracUOn  OC 
the  Iron  cost  0.3»  ct.  per  lb.,  which  a.dd«d  to  the  0.5  ct.  makes  a 
total  of  about  0.8  cL  per  lb.  for  erection  and  falaeworic,  or  (1< 
per  ton. 

The  Htone  masonry  required  4,800  lbs.  of  stone  In  the  rou^  fix 
eu.  yd.,  and  coat   |g.04  per  cu.  yd.,  of  whtcti  J4.87  waa  labor. 

The  noor,  or  deck,  cost  (22.22  per  1.000  ft.  B.  M..  or  (2.44  per 
lln.  ft.  for  labor  and  materials,  of  which  tO.E2  per  lln.  ft.  was  for 

The  four  spans  were  erected  on  the  old  piers  and  subsequMitly 
moved  30  ft.  lengthwise  on  rollers  riding  on  temporary  plate  girder 
spans:  the  cost  of  this  moving  was  (17S  per  aean.  or  0.1  ct.  per  lb. 
It  took  BK  days  to  move  the  qsons,  although  It  took  only  lH  mtns. 
to  pull  a  span  from  the  old  pier  to  the  new,  using  a  locomotive. 

Engineering  was    3%    of   the   total   coat. 

Cost  oT  ■  steel  Brldoe  of  159'ft.  Scan — The  toUowInx  data  ap- 
peared In  EnglneeHng-Contractina,  Apr.  3.  IROT.  and  rdate  to  the 
cost  ot  building  a  steel  railway  bridge  of  IBS  tL  span  (total  weight 
131  tons),  to  take  the  place  of  an  old  Howe  truss  bridge.  Two  con- 
crete abutments  on  pile  foundations  were  built  at  a  co«t  of  I2.G0O 
each,  or  (6,200  for  both  abutmenta  There  Was  nothing  unusual 
about  thiB  abutment  work,  so  Ita  cost  will  not  be  given  In  detail 
All  work  was  done  by  "company  forces,"  and  the  Itemised  coat  Is 
given  below. 

Wages  were  (3.40  per  10-hour  day  for  foreman,  (2.G0  for  bridge- 
men,  and  (£.00  for  laborers.  The  englneman  on  tbe  hoisting  en- 
gine received  (Z.GO  a  day,  and  the  flreman  received  (3.0O.  In  trav- 
eling to  and  fnun  the  site  of  the  work,  the  time  of  Che  men  amount- 
ed to  IS  days. 

Time  traveling,   IS   days,   at   (2. GO (     40.00 

Erecting  Traveler — 

3   days  at   (3.40    (   10.20 

30  days  at  (Z.50   7B.00 

»  days  at  (2  1 8.00 

I    103.20 

Rigging  Blockt  and   Tackle   on   Traveler — 


%  day  at  (3.40 
6  days  at  (S.BO 
llidays  at  (2   . 


Loading  B»fl<««  on  Derrick  Car  for  Erection — 

W    day  at   (3.40    J      1.70 

e    days    at    (3.60     16.W 

lli  days  at  (2    S.OO 

Taking  Traveler  Doicn — 

1  day  at    (3.40 (     3.40 

6  days  at  (!.E0   IS.OO 

2  days  at  (2   4.00 


iS.4< 


Palnlfnc  InaceeMlbU  Parts  atth  Two  Coats — 

B  days  at   12.50    t  20.00 

14   days  at    J3 ■"- "" 

Erecttng  Bridge  Tnaaea — 

5  days  at    |J.»0 1  !0.*0 

M  daya  at   K.f"  '■""'■ 

6  Oaya   <«iBJf}« 

Semovlng  Old  Dtet:  and  Pontr  Bents  ti 

1  rtny  at  I3.i " 
9  ilayB  at  tl.'.  

Putting  (n   Steel  Floor  Si»«(ein— 

2  dayB   at   I1.*0    1 

32   days   Bt_^  (2.60 S 

2%    days    (anirinemen)    at    »2.6* 

Oettiuff  tools,  etc.,  readu  for  riveting — 


;    13 1120.00 


Pttlltno  fn  Maehlne  FU  Bolts — 

2  days  at  t3A0 

i  days  at   »3.fi0    

Timber  Dect— HondJinj/  Ties— 
U  day  at  13.40 

3  days  ul   J3.o«   

1   day  at   *2    

Fmming   Ties — 

1  day  at  (3.40 


t  *2   . 


placing  and  Fitting  Ties— 

1   day  at   13.40 

7  daya  ot  »3,50 : . 

Framina  "»<*  Fitting  Guard  Roil— 

1  day  at   IJ.40   

4   days  at   12.50    

2  days  at  »2 

Boring  and  BoUUte  Ovarii  Ball  oMt  1 

8  daya  at  IZ.BO   

Tolai    labor   on   BUporatructure    . . 
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This  Is  equlvalsnt  to  practkallr  IT.Sa  p«r  lineal  loot  of  bridge, 
or  fg.S»  per  ton.  The  labor  cost  per  ton  of  bridge  nuy  be  sum- 
marised aa  lollowa: 

General   labor,   t2ie    11.(4 

Unloading    steel,     »fi8.2(l     B2 

Palming   Inact^esBlble    parts,    flS 37 

Reraovlng  old   decli.    1^6.90 2» 

Erecting  trusaes  and   floor   ByHlem,    1390. TO Z.38 

Riveting  and  machine   bolts,   (283.80 1.11 

Timber  deck  worn,   I»3.*0 71 

I'o'^     »8.5» 

Strictly  speaking,  the  Items  of  labor  on  the  timber  deck  should 
not  be  charged  as  a  part  of  the  coat  of  work  on  the  ste^  portion 
of  the  bridge.  The  labor  on  the  ties  and  guard  ralla.  It  will  be 
seen,  amounted  to  SO  cts.  per  lineal  foot  of  bridge.  It  will  be  noted 
Ihiit  there  la  no  charge  for  fuel  used  by  the  hoisting  engine,  nor  tor 
transportation  charges  on  the  engine  and  materials  for  the  traveler. 
The  hoisting  en^ne  was  In  use  9  daya,  ao  that  the  fuel  item  could 
not  have  exceeded  T30.  and  was  doubtless  much  lese. 

The  following  Is  a  summary  of  the  total  coat  of  thla  steel  bridge 
on   Its  concrete  abutments: 

Two  concrete   abutment  a   t  5,200.00 

Removing  old   bridge    200.00 

Falsework     1,220.00 

Bimk    house    40.00 

MaterlaU  In  superstructure T.200.00 

labor  erecting  auperstructure 1,135.00 

Engineering  and  inapectlon ESS. 00 

Total    J15,S70.00 

Thia  Is  practically  flOO  per  lineal  foot  of  bridge.  Including  con 

It  will  be  noted  that  the  false  work  coat  about  IS  per  lineal  foot 
□f  bridge,  and  amounted  to  a  little  more  than  the  labor  cost  of 
erecting  the  bridge;  but  this  cost  of  |1,220  for  false  work  included 
both  labor  and  materials.  The  cost  of  false  work  for  ordinary 
bridges  like  this  can  be  estimated  as  equivalent  to  the  cost  of  a 
pile  trestle,  unless  the  height  of  the  lower  chord  of  the  bridge  above 
the  bed  of  the  river  la  ao  great  aa  to  necaaaltate  building  one  or 
more  decks  of  framed  bents  on  top  of  the  pile  bents. 

Coit  of  a  Steet  Bridge  of  ISO-rt.  Span.*— In  our  laat  lasue  we  gave 
details  of  the  cost  of  erecting  a  railway  bridge  of  IGE  fL  span. 
The  general  remarks  relating  to  that  bridge  nlso  apply  to  the  one 
discussed  In  thla  article  Both  bridges  were  through  spans,  riveted 
trusses,  on  concrete  piers,  erected  by  company  forces.  This  180-ft. 
bridge  had  a  total  weight  of  1T3  tons.  The  cost  of  erecting  the 
bridge  was  as  follows: 
Btilldlnii  Traveler — 

154    daya   foreman,   at  13.40 %     E.iO 

11  days,  carpenters,  at  S3.S0 3T.S0 

t      3i.flO 

'Enolncerlng-Contractins,  Apr.  10,  ISOT. 


Rigging  Traveler  with  Block*,  Tackle,  i 

IH   daya  at  13.40 

Hi  days  at  12.60  


Taking  Doton  rrafsier — 

!4   day  at  13.10 

6  days  at  12. SO 

5  days  at   $2.2E.. 


c  engineer,  at  »3 l.OO 

Qatheritig  Vp   Tools,  Engine,  etc..  After  Erecting — 


S  [lays  at  12.60. . 
3  days  at  (2.26. 
1  day,  work  train 


Raising  Berrick  for   TJnloading  Briilge  Materlalt — 

I3.10 *     l.Tfl 

t  I2.E0 6.25 


V,    day  at   »3.10.. 
HVi  days  a'  ""'  "" 


3   days   at 


Bnllding  Ptalform  tor  Bridge  itaterlals~~ 


10   days,  laborers,  at   t 
Unloading  Bridge  Steel — 


T^ays^at  |2.6"0. 

14  days  at  (2.26 

2\i  days.  Btatlonary  engineer,  at  tS.. 
1   day,   work-  train    


Fainting  Inaccessible  Porta,  Two  Coats — 
6   dnya  at   »3.40    


1   12.25.. 


1   day,  atatlonaiy  engineer.. 


Erecting  Bteel  1 

5    days  at   (3.40 

40  days  at  fZ.sn    

40  days  at    12.25    

5  days,  stationary  engineer,  e 
1  day,  work  train 
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TaUng  Out  Pony  Benlt  to  Breat  Floor  Byttem — 

2^   days  at  *2.iu t     «.iS 

1   daya  at   »2.2o <.6e 

I       10.76 

Putting  la  filed  Floor  Suateta — 

6  days  at  13,40 t  17.80 

30  days   tit    i;.50 TB.OO 

2B   days  at   J3.25 eS.GO 

4  days,  Btatlonary  engineer,  at  |3 11.00 

t       lOJ.TO 

Riveting — 

eo  days  at  13 I13D.D0 

SO    days  at    12.50 150.00 

31  days  at  ta.ao  71.(0 

IS   da>-s.   blacksmith,    al    *2.E0 37.E0 

t    40S.5O 

PuHtSiF  la  Maotiltie  Fit  BoU»^ 

1  day  at  IS I     1. 00 

4    days    at    12. in     10.00 

9   days  at   \l.-ia SO.SS 

1         i3.2G 

Timher  Deck— Framing  Tie*— 

H4    days   at    |3.40 1     5.10 

8  days   at    12.50 20.00 

4   daya  at  »2.;5 ».00 

1      34.10 

Placing  and  Fitting  T'let— 

I   day  at  13.40    f    S.40 

2W    days  at    (2.50 «.25 

9  days  at  |S.2B 20.25 

I     M.>0 

Fnming  and  Fitting  Guard  Bail— 

1   day  at  (3.40 1  3.10 

4  days  ot  12.50 10.00 

4  days  at  (2.S5 9.00 

I   12.40 

Boring  and  Bolting  Ouanl  Sail  and  Tie* — 

7  dnya  nt    l"50 t  17.(0 

1  day  al  |2.::5    1.2B 

t     is.ie 

Taking   Ovt  Old  Deck — 

%  day  at  13.40   t      1-70 

1   day  at  is.SO 2,50 

Hi  days  at  (2.2S J.3B  J        7^6 

Total   labor tl,4Sl.!G 

This  la  equivalent  to  IS.IO  per  lln.  ft  ot  bridge,  or  |g.4R  per  too. 

It  will  be  seen  that  It  took  SO  daya  of  labor.  iDcludtns  foreman, 
but  excluding  work  train  crew,  to  erect  the  Inidfe,  thus  making 
the  average  wage  about  12.00  per  day  of  10  hour* 

In  comparing  labor  costs  per  unit  of  work  done^  it  !■  always 
well  to  state  the  average  wage  paid.  for.  otherwise,  serious  errors 
may  be  made  In  comparing  unit  costs  given  only  In  dollara  and 
cents.  Wages  have  been  rising  ao  rapidly  within  rwent  yaara  that 
the  necessity  of  stating  the  average  wage  la  more  urgent  than  ever. 

The  wages  of  the  foreman  constituted  7  per  cant  of  the  total 
wages    paid. 
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The  cMt  per  t«»i   for  ertctiiiK  this  bridge  may  be   iummaiisea 
as  follow!: 

Per  Ion. 

Preparing  and  dlBmantltng  plant.  fSlS-GO tt.SE 

UnkMuJlne   steel,   fits b'i 

FulnUng  Inaccasalble  partM,   tTT.SK 4S 

Erecting   trusBsa  and  floor   wMem.    tl^O.CS 2.46 

BlvatlnK  and  machine  boltlne.   1441.76 2.5B 

Timber  dock  work,   lUS.TO «( 


It  Will  be  seen  that  the  iroilc  on  the  timber  deck  cost  S3  cents  per 
lln.  ft.  of  brldse. 

The  total  COM  of  this  bridge  on  concrete  abutment*  with  pile 
foundations  was  as  follows : 

Two  concrete  abutments,  materials  and  labor t  4.T00 

Materials   for    auperslructure    9.6D0 

L^bor   erectins   superstructure l.iil 

Falsework  and  removal  of  old  brldse 2,800 

EnglneerlnK  and  superintendence   170 

Total     118,831 

This  is  practically  IIOG  per  lineal  foot  of  bridge.  Including  abut- 

Coit  ot  Two  Steel  Truss  Brldaea  of  iao-ft.  Span,  and  One  Plate 
Lattice  Olrdsr  BrldQB  at  100-ft.  Span.*— In  our  Issue  of  April  lo,  wc 
gave  the  detailed  cost  of  erecting  a  steel  brtdge  of  180  ft.  span. 
The  following  data  relate  to  two  spans,  also  of  180  fL  each,  on 
which  the  labor  of  erection  cost  was  very  much  less  per  ton  than 
the  cost  given  In  our  Issue  of  April  10.  This  dlrference  appears  to 
have  been  due  to  better  management  and  more  efficient  workmen  on 
the  work  about  to  be  described.  These  two  180-ft.  spans  were 
ereGt«d  by  a  contmctor.  and  the  costs  are  the  actual  costs  to  the 
contractor,  exclusive  of  contractor's  prollts.  The  bridges  were 
single  track,  through,  riveted  trusses  erected  with  a  traveler.  The 
average  force  engaged  was  as  follows: 

1  Oenersl    foreman   at    16.00  f  5.00 

1  Carpenter  foreman  at   4.00  4.UU 

1  Sub-foreman   at    3.B0  3.60 

7  Riveters,    etc.,    at    S.26  23.76 

10  Brldgemen  at   8.00  30.00 

S  Carpenters  at    2.7S  28.00 

3  Laborers  at    2.50  7.60 

I  Stationary   englneman    at 3.25  t.!5 

1  Water  boy  at   1.50  1.80 

33  Total   men    (S.OO  fSS.SO 

It  will  b*  noted  that  the  average  irage  paid  was  IS  per  day  of 
10  hours,  OS  compared  with  ti.SO  on  the  brMs*  tlascribed  In  our 
Issue  ot  April  10.  No  attempt  was  made  to  r«c«rd  the  exact  cost 
of  each  Item  of  the  work,  but  account  was  kept  of  the  number  of 
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Preparatory  Work — 

GO  Uan  days  [ravellriB  at  |3 

GO  Mtui  doya  BrecUnK  traveler  and  derricks  at  | 

12  Man  days  taking  down  same 

40  Man   dat-a   removing  olil  floor  at  fS 

20  Man  days  unloading  steel  and  ties 

Bteet  Work — 

)  Man  days  putting  In  new  steel  floor  system  h 


.M.  ■ 


100  Man  days  erecting  steel  t 

12B  Man   days   riveting 

Timber  Deck — 

20  Man  days  framing  ties  a 
id  Man  da>'s  laying  noor  at 


I  IS.. 


e  and  blacksmith.. 


Total 11,985.00 

The  steel  in  each  of  the  two  bridges  weighed  170  tons,  or  S40  tons 
In  both  bridges,  or  1,800  lbs.  per  lin  ft.      Suminarliln^  the  cost  of 


Steel    work.    t^SS 

Timber  deck   work,    tl-SO.. 
Pointing,   120*    

f  tools,  »]00...;.., 


Coal.    ! 

Total    |5.»4 

The  above  does  not  InclDde  the  cost  of  er«ctlDK  the  falsework, 
but  It  Includes  the  Itpm  of  "removInK  old  floor  system"  or  the  wood- 
en bridge  which  was  replaced  by  the  new  steel  bridge. 

It  will  be  noted  that  the  labor  on  the  timber  deck  of  the  new 
bridge  cost  only  flGO,  which  Is  equivalent  to  10  cts.  per  lln.  ft. 
This  is  about  two-thirds  the  cost  of  slmtlar  work  given  ia  our  Issue 
of  April  10.  Id  fact  the  whole  cost  of  erection  was  corre^tondlngly 
less  In  this  bridge  work.  In  i^Ite  of  tbe  fact  that  the  dally  wages 
sversgod  IB  per  cent  higher.  A  comparative  study  of  this  sort  Will 
frequently  disclose  unEUQ>ected  IneOlclency  of  men  and  foremen. 

We  shall  next  consider  the  cost  of  erecting  a  steel  plate  lattice 
girder  of  100  ft.  span.  This  girder  was  erected  by  company  torcea. 
and  It  replaced  a  wooden  bridge.     The  weight  of  the  steel  was  SI 

-\a,  or  l.tlO  lbs,  per  lln.  ft.  It  was  erected  by  a  force  of  IS  men 
0  days.  Including  2  days  spent  In  traveling,  and  the  aTOrege 
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wage  paid  was  (3.18  per  day.  Including  the  foremen  In  the  aver- 
age. The  foremen's  wo^es  amounted  to  13  per  cent  of  the  total 
wages  paid,  which  was  an  unusually  high  percentage.  The  rate 
of  wages  were  as  followa : 

General   foreman    I     5.00 


Heaters   of  rivets. . . 
Buckerup  of  rivets. 

Brldgemen   

Carpenters    

Stationary  engine 


i 


Time  Traveling — 

2  days    at    IB. DO  %  lO.OU 

2  days    at    3.60  I.IH) 

n  duya  at    3.26  .ll.no 

IS  ilayB  at    3.00  54.00 

4  days  at   !."S  11.00 

3S  days  total  at   13.18  tlZl.OO 

1  day    nt    jr.. 00  |     S.OO 

t   day    lit         3..'.U  3.50 

4  days    at    3.60  13. »0 

6  days    at    3.00  18.00 

12  days  total  at    J3.30  t    39.50 

Loading    Toola — 

2  days   at    -.J5.00  t  10.00 

2  days  at   3.50  7,0(1 

5  days  at 3.2:.  16. 2S 

5  days  at   3.n(i  is.oo 

14  days  total    at    13.45  I  4S.3S 

SleeJ   Work — Ertcting  Otrders — 


e  days  at    3.00  18.00 

12  days    at J3.30  t   Sli.OO 

Erecttng  Floor  System — 

1  day    nt    (S.OO  t      5.00 

1  day    at    3.50  3.50 

10  dnvB  at    3.26  32.50 

12  days  at 3.0O  36.00 

34   days    total   at    13.21  f   77.00 

Riveting — 

2  doj-s  at   15.00  %   10.00 

3  days    at    3.60  7.00 

18  days    at    3.25  68.50 

20  days    nt    3.00  SO.OO 

42  days  total  at 13.23  (135.60 

Timber  Deck — 

6  days  framing  tlM  at (3.75  1   16.50 

12  d^B  laying  floor  at 3.75  33.00 

18  days  total  at   |2.76  t  48.6* 
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^tal  labor   ^672.7i 

IIK&r  of  tools    35.00 

Coal     le.is 

Total     IIIB.OO 


Trsvoltng    »181. 

LcoalnK  tools 


Tools  and  coal    . 

Total    tS18.00         IT.E4 

It  wltt  be  noted  that  the  con  of  work  on  the  limber  dsclc  wa£ 
4Sti  ct&  per  lin.  ft. 

The  coat  of  bulldioK  the  Calse  work  la  not  Included  In  the  abovB 
estimate. 

Co*t  of  Ereet[nB  a  Draw  Bridge  of  Z3S-ft.  8pan.*^Thls  alngle 
track  railway  bridge  has  a  tpaa  of  23e  ft.,  and  a  length  of  SIS  fL 
over  all  Trugaes  are  16  ft.  &  to  c,  and  the  depth  of  trues  Is 
unlfoTTn  and  25  ft.  c.  to  c.  of  chord  pins,  The  center  panel  [a  16  ft. 
and  the  remaining  10  panels  are  each  2Z  fL  The  bridge  Is  deslKued 
to  be  turned  by  hand  only,  and  haa  a  drum  2SH  ft.  x  4%  ft.  The 
bridge  was  designed  for  a  live  load  of  1.300  lbs.  per  llu.  ft. 

The  total  weight  of  the  metal  la  433,300  lbs.,  distributed  aa 
follows : 

Lbs. 

Trusses    lOi.ta 

Lditeral  bracing   20,000 

Floor  system   107,000 

Turntable — 

Drum    (224   ft-   dlam.t SI. 100 

Wheels  1 4«)    18,208 

Track   11,100 

Back     *,»00 

Tread  pis.    B.S0O 

Oearlng  and  Journal  boxes 2I>,400 

Bind  lift   1«.SOO 

End    supports    0,240 

^Totnl    4S3,30O 

•BiWinecrtnji-rmtrropHHii,  Aug.   21,   I«*7-. 
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The  Itemised  cost  (to  the  L'ontractor)  of  etecllon  wjib  aa  lollows: 
General  Expente: 

l.S  dflya,  foreman  at  |B.OO t  ST.BO 

14  Oaya,  brldKemen,  at  13.00 112.00 

34  fla>■^  laborers,  at  12.80 «8.00 

10  (luya.  watchman,  at  tt.9t> 20.00 

3  day^  blackHiiltb,  at  13.00 ^ S.OO 

98.5     Total   labor,    at  92.07 t:!<IS.GO 

3,000  ft.  R  M.  In  traveler,  at  t2S 7e.00 

Total     3341.60 

Thtis  t341    Includea  tli«  coM   (4  ertHTtinx  n  derrlrk  to  unload  the 
•te«l  (mm  carB,  the  labor  of  mak[nK  iind  erec-tlnK  imvekT. 

Brection  of  Bteel  Work: 

19  daya.  foreman,  at  fS.OO t      93.00 

110  daya.  brldgemen.  at  fS.Od 330,00 

SO  daj^  rlvelpra,  nt  33.00 210.00 

13  daya.  heaCera  and  buckers.  at  3'!.00 140.00 

84  daya.  latmrers,  nt  3K.00 1(8.00 

36S     Total  labor,  at  33. SS t    9G9.00 

SO  daya'  rent  of  holatlns  enfflne.  at  tS.OO 90.00 

10  tona  oofll,  at  IS.OO 30.00 

Total    tl. 080.00 

The  enstneman   recelvnl   the  same  wages  na  Uw  hr!dH<>ni?n  and 
wa*  clataed  with  them. 

1  days,  foreman,  at  tG.OO t  lE.M 

U  daya.  brtdscnen,  at  (3.00 £T.DO 

80  days,  painters,  at  33.50 200.00 

93  dsra  total  labor 3142. 00 

Total  materials  and  labor 3337.00 

Timber  Deck  (nfioa  /(.  B.  U.): 

3  days,  forenvui,  at  IS.OO IIG.OO 

20  days,    carpenters,   at   33.76 71.60 

3  days,  laborers,  at  32.00 0.00 

33  days  total  labor,  at  }3.*0 f>i.GO 

Tt  will  be  noted  that  ths  labor  of  framtoE  and  placing  the  timber 

deck  (L  e.,  the  ties.  Kuard  ralla,  -Jtc),  cost  35.50  per  H.,  or  38  cIs. 

per  lln.  ft.  of  bridge. 

Since  the  brtdce  weighed  133.000  Iba.  or  3]«,!>  tons,  the  cost  per 

ton  for  erection  may  be  summarised  as  follows : 

Gvuvral  Expente:  Per  ton. 

Ijbor   3    •(!«.r.O         31.23 

Hsterlal  for  traveler TS.OU  0.36 

Er«et^»a  Bteel: 

lAbor   t  949.00  34.49 

Rent  of  engine 90.00  0.42 

Coal  for  engtn* 30.00  0.14 
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Materials    f      9E.(H>        (0.44 

I^bor   84S.O0  l.il 

Timber  deck   92.60  0.4! 

Total     tl,S60.0D  fS.BO 

ThtB  work  was  done  by  a  contractor  who  received  %12  per  ^^n 
tor  erecllns  the  brldss.  Practlcallir  no  lalsework  was  neces>.ry, 
since  the  bridge  was  erected  upon  the  "draw  protection."  which 
served  as  a  falsework. 

The  bridge  metal  cost  4  cts.  per  lb.  C  o.  b.  cars,  ready  (or 
erection,  and.  since  the  contract  price  was  O.S  cts.  for  erection,  the 
total  was  4.g  cts.  per  lb.  In  place,  or  111,911  for  the  total  super- 
structure, exclusive  of  the  timber  deck.  This  la  equivalent  to  Dearly 
185  per  lin.  ft.  There  were  nearly  TO  ft.  B.  IS.  per  lln,  ft.  of 
timber  deck  (ties  and  guard  rail),  which  coat  ISO  per  M.,  or  tl-40 
per  lln.  tt   of  bridge. 

Cost  of  Erecting  Pratt  TruM  BrIitBea. — A  Pratt  truss  steel  rail- 
way brl<lKe.  130  ft.  long,  14  ft  wide  and  SO  ft.  high,  was  built  to  re- 
place two  Howe  pony  tniBs  bridges  each  (o  ft.  long.  Tha  cost  of 
this  work  was  as  roliows: 

Falsework,  materlala  and  labor tlT4.00 

Remoi-lnjt    falsework 100.00 

Taking  down  two  Howe  trusa  bridges 146.00 

Wages  of  common  laborers  ware  tl.GD.  and  of  bridgemen  t£.S0  a 

It  took  a  gang  of  20  men  45  hra  to  erect  a  200-fL  KOiui  Pratt 
truss  highway  bridge,  of  the  combination  type  (woodim  upper  chord 
and  posts  and  steel  lower  chord  and  diagonals),  after  the  pile  false- 
work was  in  plnce.  The  roadway  was  10  ft.  wide.  A  hoisting  en- 
gine was  used,  and  the  posta  were  up-ended  in  pairs  lust  as  trestle 
bants  are  raised.  A  mast  was  used  in  raising  the  upper  chord 
plecea     Thpre  whs  no  otipper  falsework,  nor  was  a  traveler  used. 

Cost  of  Three-Plate  Olrder  Bridge*  of  Ten  Span!.*— The  data  In 
this  ortfcle  relate  to  three  plate  girder  (deck)  brldgea,  on  concrete 
abutments  and  piers,  having  pile  foundations,  built  to  replace  exist' 
Ing  timber  brldgea 

The  Srst  bridge  consisted  of  three  spans,  one  3D-fL  and  two  TG-ft. 
girder  spans,  having  a  total  weight  of  110  tons.  The  work  was 
done  by  company  forces,  the  details  of  cost  being  as  follows : 

Moving  rlgalng  from  tite  latt  brldgf — 

Vt  day,  foreman,  at  |S.40 t  1.70 

*■'     '-—\.   carpenters,  at   (2.B0 S.2B 


2Vi   daj 
2  days. 


1  day,  stationary  engineer,  at  13 3.00 

tlS.4E 


Erecting  portals  for  lotcerinir  the  Itco  76-Ft.  girder 
I'i,  di  -  ■- 

e  day 


1".  aaya  at  (3.40 f  Ji.lH 

6  days  at  12.50 15.00 


116.85 

'Enaineerinp-Cmitraetinff,  April  17.  190T. 
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Erectino  portals  for  louicrlne  the  3B-fl.  aiian— 


Rigging  portal*  witk  blockt  and  tackle— 

V,   day  at  »3.40 %  1.70 


Placing  two  ttationarg  engines  for  erecting  gtrdera- 

3  hours  at  34  cents 

1 H  days    lit    12.50 


Ml  daj-.  sta.  enan".,  at  tZ 

Picking  up  rigging  after  erecting — 


Putting  down  bearing  ehoet — 

2  liouM   at    3(    centd 

I  day    at    SZ.EO 

1  day  at   %Za6 


B%   i^ya   at 'jaisd.'.'.".','.'.'.'.'.'.".'.'.'.'.'.'.'.'.'.".'.','.'.'.'.','.'.'.*  13.76 
6  i5   days  at  12.25 12.17 

2  days,  work   irain'.' ki' Hi'. '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.','.'. '.'.'.'.'.    Bo!oO 

182-61 
Taking  out  pong  oanli  lo  erect  floor  sy«tem — 

1  day  at  13.10 t  8.*0 

«  days   at    12.60 16.00 

E  days   at    IZ.2S 1 1.15 

I  day.  east.,  at  11 3.0D 

iii.es 

Painting  Inaccessible  purls  lollA  l«o  coats — 

19  days  at  W.2B H2.7S 

Putting  in  steel  floor  agtlem — 

2.2  daya  at  13.40 t     7.48 

II  days   at    12.50 27.60 

13  days  at  J2,2B 29.28 

1  days,  engrr.,  at  13 9.00 

t  days,  work  train,  at  126 EO.OO 

1121.13 
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RIveline — 

S8  days,  riveters,  at  tJ tlll.tO 

«0  days,  at   ti.SO 160.00 

4  days,  blacksmith,  a.t  fl.bO lO.tO 

Puttina  In  macMnt  flt  boUt — 

i    days    at    12.i6 US. 76 

Placing  and  loteerlng  tS'fl.  »pan — 

0.3  duy  at  %3A0 t  1,01 

1 W  day    at    »2-60 3."5 

l<i  day   al    |Z.S5 1.18 

0.3  day,  engr.,  at  tS 90 

14  day.  train,  at  126 IJ.S« 

|ll.t5 

Framina  ties— 

8  dayaat  |£.B0 UI>-0» 

Placint  ana  filtins  lies — 

IW  days  at  fl.tO %  B.IO 

»  days    at    lJ.50 2«.M 

«  days    at    (2.26 ll.ip 

ias.<o 
i^raiMlHir  and  fttttng  guard  rail — 

>4  day,  foreman,  at  11.40 %  l.TO 

3  days  at  |2.B0 7.50 

2!4    days   at    12.25 S,61 

114. B3 

Borino  and  bolUaff  guard  rails  aad  lies — 

H  day,  foreman,  at  13,40 t  1.70 

jU  daya    at    I2.B0 1I.2R 

3  W   days    at    (Z.2S 7.HT 


Tearing  »p  old  deck  and  loteeHwg  Irncft  on  nfw  trfdpe — 

1   day    at    t3.40 (  J.40 

E  Oays  at  t2.S0 Il.EO 

■i  days  at  |2,2B 4.60 


I  labor  . 


>20.4S 
..J787.8T 


TWb  Ib  equivalent  (o  J7.16  per  Ion,  or  I4.3S  per  Hn.  ft.  of  span. 

Parton. 

Oeneral  labor  preparatory  to  ereotlon.  t'5-34 |  M 

Painting  Inaccessfblc  piirts.   |4J.Jii M 

Placing    glrderfl.    (265. IS 2.41 

Riveting  and  maeh.  bolts,  I2B1.T5 2.<S 

Timber  dock  work.   1114.65 1.04 

Total     17.15 

The  timber  derft  work  ™»t  <4  pts.  per  lln.  ft.  of  span.  It  will  be 
noted  that  there  were  4^  days  of  work  train  service  costing  tllZ.BO. 
or  »1.02  per  ton.  Deducting  tlUs.  we  have  1676  lefu  to  be  divided  by 
24"  days'  labor,  which  gives  »2.7a  as  the  average  wage  paid.    Tliere 


BRIDGES.  1509 

were    13   days  of   roreman's  time,    which   amounted   to   144,   or   leu 
than  1%  of  ihe  676. 

The  total  cost  of  this  bridge  was:. 

nnir   concrete  abutmentit  and   piers t  T.950 

Uaterlale    In    iniper«ructure S.SUO 

Uibor  erecting  auperatructure TS8 

False    work 770 

EnglneerlnK  and   Inspection ■'. 500 

Total .tlS.«ag 

ThiB  IB  pratftlcally  tSn  per  lln.  ft.  of  bridge.  Including  abutments 
und  piers.  The  falsework  oost  about  \A  per  lln.  (t.  of  brldgp,  or 
practically  as  much  as  the  labor  of  erectinB  the  spana 

It  irlll   be  seen  that   the  substructure  coat  more  than  the  suii«r- 


The  second  biidgre  was  three  BO-fl.  plate  girder  spans,  having  total 
weight  of  80  tons,  on  concrete  abutments  and  piers.     The  cost  of 
erecting  by  company  forces  was  ns  follows; 
Brecthug  fatae  benti  for  loiaering  ffirdert — 

1  day.   foreman,  at   J3.40 1  S.40 

4  days,  carpenters,  at  12. ED lO.OU 

10  days,  laborers,  at  »2.25 82.50 

135.90 
TeoHni;  up  old  bridge  deck  and  poni/  desls — 

O.a  day   at    |S.40.... (2.72 

5.6  days    at    12. Bo 14.00 

6.8  days  at  (2.25    12.80 

"(29^ 
Placing  and  loicerlnir  girderi  from  flat  car*  10  pleri — 

1,2  days    at    »S.40 (   4.08 

8.4  days  at  (2.B0 21.00 

8.4  days  at   (2.23 1S.90 

(43.98 
Framing  He* — 

1.5  days  at  (3.10 (  S.IO 

14    days   at    (2.B0 35.00 

(40.10 

Putting  ties  in  place  and  reXaving  track^- 

0.3  day  at  »3.40 *   1-02 

2.1  days  at   »2.B0 5.26 

i.l  days  at    »2.2o 4.T3 

JIl.OO 

Framing  and  placing  guard  rail — 

l.B   days  at  (3.40 (  B.IO 

8  days    at    (2.50 20.00 

8  days  at  (2.2S ■    "BO 

138.80 
Tenrlno  dowin  fates  bentt — 

0.1  day   at    11.40 1  .»* 

0.7  day    Ht    (S.BO 1-75 

0.7  day  at  (2.25 1.57 

(3.88 
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3    (lays    at    tia 175.00 

Total    labor    |277.5fi 

Ttila  la  equivalent  to  14. OS  per  ton.  whicli  may  be  summartEed  as 


Brsctlng  and  tearing  down  falae  bant*  (39.56 ;  .57 

"■ — ■--   -p  oM  bridge  deck  and  pony  bents.  J29.I2. . .     Ai 


Tearing  up  old  bridge  d« 

Placing  afrdera.   143,98 

TlmlMr  deck  work.   IB9.70 1.30 

Work  train  service.   (75 I.0!> 

Total     (4.03 

The  labor  cost  of  (277.56  la  equivalent  to  (1.B4  ptr  lin.  ft.  of  span. 
Tearing  up  old  bridge  deck  and  pony  bents  cost  16  cla.  per  Itn.  ft. 
The  cost  of  the  timber  deck  work  was  50  Ct&  per  lln..fL 

Exclusive  ol  the  train  service,  the  total  labor  cost  of  erection  was 
(202,  which,  divided  by  the  S2  days.  Is  |Z.16  per  day.  The  fore- 
man worked  e^  days,  receiving  (22.  which  Is  11%  of  the  labor  cost. 
excluaive  of  train  service,  or  t%.  including  train  service.  As  noted 
above.  It  took  1  foreman  and  14  men  12  hours  to  place  and  lower 
the  three  girder  spans.  The  first  span  took  S  hours;  the  second 
span.  4  hours:    and  (he  third  span.  3  hours. 

After  erecting  the  new  bridge,  at  the  cost  above  given,  it  toiA 
the  gang  about  a  day  additional  to  tear  down  the  old  wooden 
bridge,  at  a  cost  of  (44. 

Thi  total  coal  of  this  three-span  girder  bridge  was: 

Four  abutments  and  piers (  3.(00 

IrfVbor   erecting    superstructure 27S 

Engineering    and    Inspection 340 

Total     J10.!«S  _ 

This  Is  (55  per  lln.  ft.  of  bridge.  The  falsework  cost  (3.50  per 
Un.  ft. 

The  third  bridge  consisted  of  two  TG-ft  girder  spans  and  two  TO-fL 
girder  spans  (through  bridge)  on  concrete  abutments  having  pile 
foundations.  The  rates  of  wages  paid  were  the  seme  sa  on  the 
nrst  bridge,  givaii  above,  and  the  cost  per  ton  and  per  lln.  ft  of 
bridge  were  about  the  same.  The  summary  of  the  cost  is  as  fol- 
lows, tlio  total  weight  of  the  four-apan  bridge  being  197  tons: 

Removing  old  deck  and  placing  girders.  t29a-50 (1  iO 

Putting  Tn  lloor   system,    (309.30 1.5" 

Riveting.    1482.80 2,40 

Painting  Innccesslble  parts,    (13.80 07 

Timber  deck  work.    (112.30 57 

Train    service,     (276.80 1.40 

Total  n.si 

The  timber  Oeok  work  cost  40  els.  per  lln.  ft.  of  bridge.  The 
total  labor  cost  of  erection  was  (1.480,  or  (G  per  lln.  ti.  of  bridge. 
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bridge  was  na  fol 


Rpmovlne    oiii'Wiiise! ! ! ! ! 
BnBlneering  and  inspection 


B  nearly  MO  per  lln.  ft.  of  bridge,    Thr 


5,  .^t-M-t^. 


Top   Flan. 


art  a/mm. 

Y^itn  Bo/lw  art  ***-. 
Ffg, 


DoWom    Plain. 
—Bridge  Pier. 


Cost  of  a  Plate  Olrder  Railway  Brldoe  with  Concrete  Pier*.*— A 
deck  plate  girder  railway  bridge  wae  lonatructed  In  the  late  Fall  and 
In  the  Winter  of  1905-6  to  carry  the  Kansas  City,  Mexico  A  Orient 
Railway  over  the  South  Canadian  River  atKJut  7  mllae  south  of  Oak- 
wood,  In  .Dewey  County,  Oklahoma.     The  whole  structure  Was  built 

•Biiff(necrfnff-Co»ira<-Hn^,  April  3,   1907. 
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^V  company  torcea  and  the  followlnK  account  of  the  methods  of 
work  and  Its  cost  haa  been  prepared  from  Information  (umlahed 
by  Mr.  W.  W.  Colpltta,  AaalBtant  Chief  BnBlneer.  Kan»a«  City.  Uo. 

Detcriplion  of  Bridge. — At  the  point  of  cnwstnK.  the  river  at 
ordinary  high  water  la  from  2,001)  fL  to  4,000  ft.  wide  and  drains 
upproxlmately  1.000  aquare  roJlea  of  trarltotr  conststluK  larsely  ol 
rolling  prairie.  At  low  water  the  stream  la  ahallow  and  easily 
fordabla.  The  extreme  rise  at  high  water  Is  about  10  ft.,  and  at 
such  periods  the  velocity  of  Che  current  aic««da  fl  miles  per  hour. 
The  river  bottom  Is  quicksand  and  varies  In  depth  to  the  underlying 
rock  at  the  point  of  crossing  from  11  Co  60  ft. 

After  a  careful  study  of  the  conditions  respecting  the  elevatlonx 
of  high  water,  depth  of  foundation,  nature  of  approaches  and  gen- 
eral character  of  the  Btream.  a  layout  consisting  of  1.000  ft.  of  60-tt. 
deck  plate  girders  at  Uie  north  end  where  the  rock  Is  within  i:  to  IE 


I :    »  '"'''"' 


;WB'(>-Jjni«./ 


m- 


Ssctlonal     Plan. 


Fig,    2. — Cofterdam. 

ft  Of  the  surface,  and  of  1.000  tc.  of  pile  treetla  at  Che  souCh  end 
where  the  rook  shelves  off  to  a  maximum  aeptli  of  BO  ft.,  waa  de- 
cided upon  OS  the  most  economical  structure  to  fulQU  the  necesnar)' 
requlremenCs.  The  grade  line  was  established  to  admit  of  replac- 
ing the  pile  trescle  portion  of  the  structure  with  TO  and  8G  ft.  deck 
place  girders  at  a  later  period.  A  conurece  abutment  and  concrete 
plera  were  designed  to  carry  the  50-ft  plate  girders.  Figure  1 
shows  the  dimensions  and  details  of  Che  piers. 

Methods  of  CmulraelUm. — The  work  was  begun  In  the  late  fall. 
when  an  extreme  rise  In  the  river  was  unlikely  to  occur,  and  the 
very  low  cost  of  the  structure  was  partUlly  due  to  the  fact  that 
the  work  was  little  Interfered  with  by  high  water.  Telephone  com- 
munication was  BBtabllshed  with  Teloga,  a  point  about  tO.mllea  up 
the  river,  and  a  waCchman  stationed  aC  that  polnC  observed  and  re- 
porCed  the  stagre  of  water  at  frequent  Intervals. 


BRIDGES. 


1513 


a  In  the  piers  was  of  the  (ollowlng  proportlooa:  tola 
Sunflower  Portland  cemant.  one  part ;  ArkaiiBas  River  sand,  fur- 
nished by  UesSTB.  Lutlgerding  Bros.,  of  Wichita.  Kan.,  three  parts : 
crushed  limestone,  passing  a.  2-ln.  ring,  furnished  by  the  FYazler 
Stone  Co..  of  Bl  Dorado,  Kan.,  Ave  parts.  The  concrete  IR  the 
bridge  seats  was  of  the  proportions.  1-2-4. 

The  bases  of  the  piers  and  abutment  were  put  down  In  open 
cofter  dams.  Fig.  2.  The  sheet  piling.  Fig.  3.  for  the  flrst  pier  was 
driven  with  a  light  hammer,  but  this  was  found  to  be  both  slow  and 
Inefflclent.  The  lower  strata  of  sand  proved  to  be  more  compact 
tfiun  had  been  anticipated,  and,  by  this  method,  considerable  dlfll- 
culty  was  experienced  In  driving  the  Hheet  piles  accurktaty  and  In 
preventing  leaky  Jolnta  The  balance  of  the  sheet  piling  was  driv — 
with  a  !-\n.  Jet  drawn  to  a  1-In,  nonle,  and  this  method  prove<) 
entirely  satisfactory.  The  water  was  mipplled  by  a  7x6xl0-ln. 
r  Duplex  pump.    The  pile  With  the  Jet  placed  In  the  groove 


clinging 
pile  had 


Ftg.  3.— Sheet  Pile. 
(  rapidly  and  accurately  with  the  weight  of  two 
to  a  hanger  slung  over  the  top  of  the  pile.     When 
reached  the  bottom.  It  was  struck  several  blows  with  a 
to  broom  the  point  on  the  rock. 

The  piles  were  driven  between  6  ;t  8-ln.  wallngs,  firmly  secured 
with  wrought  Iron  clampa,  to  prevent  irregularities  In  the  driving. 
Built  up  angles  were  made  for  the  returns  at  the  comers  and  Jetted 
to  rock  In  the  ordinary  manner.  The  actual  time  required  to  drive 
a   coffer  dam   seldom  exceeded  ten  hours. 

It  was  originally  the  Intention  to  build  a  tonn  Inside  the  coffer 
dam  and  to  gather  the  water  from  leakages  In  a  sump  at  one  comer 
to  be  pumped  out  by  a  pulsometer.  and  to  vrtthdraw  the  sheet  piling 
after  the  completion  of  the  base.  So  little  difficulty  was  experienced 
In  preventing  leakages  that  this  plan  was  abandoned  and  the  con- 
crete was  deposited  against  the  sheet  piling,  which  no  attempt  was 
made  to  T«caver.  It  was  estimated  that  the  loss  of  the  sheet  piling 
was  more  than  offset  by  the  time  and  expense  necessary  to  huvc 
built  an  Inside  form. 

The  sand  was  pmnped  from  the  coffer  dam  by  means  of  a  No.  4 
UorrlH   centrifugal   sand   pump,   having   a    6'lncb   flexible   suction 


lol4 
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pipe  and  protected  foot  valve.  The  power  to  drive  thli  pump  wus 
(urnlahed  by  a  traction  engrlna,  because  o(  the  ease  with  wtilth  li 
was  supported  on  tlie  river  bottom  at  tlie  pier  altea.  A  sulUci'-ni 
aitiount  at  water  was  allowed  to  flow  into  tlie  coffer  dam  tiiruug^i 
a  small  weir  to  keep  the  sand  ol  the  right  consistency  to  be  handlnl 
by  Ihe  pump.  Aa  the  eicavatlon  proceeded,  the  necessary  rtioritig 
was  placed  In  position.  When  the  sand  had  been  completely  re- 
moved, the  iKiltom  ot  the  sheet  piling  was  grouted  wllli  cement  mor- 
tar and  the  coffer  dam  kept  dry  by  means  of  the  pulsomnter  pump. 
while  leaks  were  being  stopped  and  other  necessary  work  done,  pre- 
vious to  depositing  concrete.  Except  In  cases  where  bad  leaks  or 
accidents  occun¥d.  the  lini<!  required  to  remove  the  sand  from  a 
coffer  dam  averaged  about  eight  hours.     It  was  InteresUng  to  note 


tntkta  tot  K  ieltm:  u  |IH.^*d  mil*  mBt.  Mom?  to*.  s[_.    j'ji 


Pig.  i. — Forma  f 


■  Pier. 


the  good   Btate  of   preservation   of  tree  trunks  and   lloibs 

from   the  coffer  dama     Lieaves  and   twigs  found  in   the 

snnd  near  the  rock  were  quite  fresh  and  green. 

The  concrete  was  mixed  with  a  No.  1  Smith  ml 

It.     The  capacity  of  the 

coffer  dam  before  the  ne 

\er  was  placed  <n  position  on  tl 

jach.    with    the 


)    fill    Q 


pleted.      The 


ahead  was  com- 
slope  of  the  Mn- 
al   its   rear   and 


f.-iclng  a    Cemporar 

diagonally  down   t 
across  the 


al   track.      This  temporary  track    turned 
It  600  ft  beyond  the  mixer  and  extended 

SBBlde  the  pier  sitea.  The  portion  of  the 
r  bottom  was  supported  on  bents  of  spliced  ties. 
Jetted  to  the  rock,  and  wired  to  the  coffer  dam  to  avoid  the  danger 
of  loss  in  case  of  high  water.  The  sand  and  crushed  rock  were 
delivered  by  cars  from  the  main  line  track,  immediately  above  the 
mixer,  and  Ihe  cement  was  stored  In  a  shanty  at  one  aide  of  Ihe 
mixsr.      The  concrete  materials  and  machinery  were.  In  this  man- 
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nee,  very  conveniently  locateU  for  rapid  work  and  well  above  the 
high  water  line.  The  concrete  was  transported  to  the  pier  sites  in 
improvised  dump  bo>:es,  set  on  push  cars.  These  dump  boxes  were 
hinged  longHudinallj-  and  discharged  directly  Into  the  coffer  (Jama. 
The  grade  of  the  temporary  track  carried  the  push  cars  by  gravity 
to  the  coffer  dams  and  they  were  returned  by  teams,  lor  which 
purpose  a  straw  and  brush  road  had  been  built  paralleling  the  track. 
Ab  the  work  progreased  farther  Into  the  rtreara,  more  care  were 
added  properly  to  balance  the  work.  While  the  concrete  In  the  base 
was  BtlU  freah.  a  numt>er  ot  ateel  reinforcing  bars.  8  fl.  In  length, 
were  set  In  place  along  each  and  to  Insure  a  good  bond  between  the 
base  and  shaft. 


Fig.  ! 


In  general,  the  work  of  putting  in  the  bases  was  organized  so  that 
ubout  tlie  Hume  time  n<iE  required  In  Klllng  a  coffer  dam  with  con- 
crete. In  e.\cavatlng  the  sand  from  the  next,  and  In  driving  the  sheet 
piling  for  the  third.  Theae  three  operations  were  thus  carried  on 
simultaneously  and,  although  interruptions  In  one  part  of  the  work 
or  the  otlier  occurred  frequently,  the  giings  were  Interchangeable 
and  no  appreciable  Ions  was  RUlTered,  except  In  time,  because  of  such 
delays. 

In  plera  19  and  SO,  where  the  rock  was  from  IT  to  19  it  below 
the  surface,  some  dilliculty  was  encountered  due  to  the  presence  of 
Assures  In  the  rock,  from  which  it  was  neceasary  to  remrn-o  the  Sand 
to  All  With  concrete.  In  such  cases,  the  larger  leaks  were  stopped  na 
much  aa  possible  by  driving  sheet  piles  against  the  outside  face 
«f  the  coffer  dam  and  Into  the  flsBures,  and  the  smaller  leaks  bj' 
manure  In  canvass  bags  rammed  Into  the  openings. 

Upon  the  completion  ot  all  bases,  the  frames  (Figs.  1  and  E>  for 
several  shafts  were  set  in  position  and  the  work  of  Ailing  with 
e  proceeded  as  In  the  case  of  the  baMs,  except  that  a  derrick 
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erected  mi  B.  flat  car  and  statlonea  at  the  pier  vas  utllls«d  to  raJM 
tbe  dump  boxes  In  depoBitinK  tbe  concrete  Id  the  forme.  Aa  mod 
a.B  the  concrete  In  one  ahaSt  had  set  suIIIclenUy  to  parmtt  Ol  It.  Uie 
forma  were  removed  ajid  placed  on  the  pier  ahead.  Four  seta  of 
forma  were  used  for  the  shafts. 

The  glrdern.  whlcli  were  furniahed  by  tbe  American  Brld|e  Co., 
were  set  In  place  with  a.  derrick  car  of  20  tons'  capacity. 

Coat  of  ComtrucUon. — The  following  are  the  average  pricea  paid 
for  materials  and  iBbor: 
Uaterlal: 

Lumber  tor  forma,  etc,  tie.SO  per  M.  fL,  B.  U. 
Cement.  Kansas  Portland.  tl-EO  per  bbt. 
Broken  llmaatone.  tic  per  cu.  yd.,  Kan- 
Sand,  Arkansas  River,  Itc  per  ton. 

Oeneral  toreman,  fllO  per  month. 

Aoalstant  foreman,  175  per  month. 

Timekeeper.  (GO  per  month. 

Rfveters,  3Sc  per  hour. 

Blacksmith,  30c  per  hour. 

Blackamlth  aMdatant,  20c  per  hour. 

Carpenters,  2Z^c  and  Z&c  per  hour. 

Bnglnemen,  25c  per  hour. 

Firemen.  20c  per  hour. 

Night  watchman.  2ac  per  hour. 

laborers.   ITVic  and  20c  per  hour. 

Team  ([ncludlng  driver).  10c  per  hour. 

Note:  The  pricea  quoted  for  lumtter,  cement,  limestone  and  sand 
are  prices  f.  o.  b.,  Louisiana.  Tola.  Kan.,  El  Dot«do,  Kan,  and 
Wichita,  Kan. 

Tlie  total  and  unit  cost  of  constructing  the  concrete  piers  and 
abutments  and  of  erecting  the  steel  superRtnlcture  are  given  IB  the 
following  tabulation.  Altogether  there  waa  about  2.S00  cu.  yda  of 
concrete  in  the  aubatructure.  most  of  which,  as  stated  aliove,  was  a 

Machlneru  and  Supplies — 

Concrete  mixer,   20%  ot  cost »    152.10 

tjupplles,   freight   haullns.    setting  up J05.01 

Total    I  S37.ll 

CenlrifugBl  Bond  pump,  20%  of  coal j  2T.O0 

Suppilea.   freight,  hauling,   setting  up..  --•  n^ 
•  traction    " — '"-    -"    


Rent  ot  traction  engini 

Total    

Water  pump  and  pipe,  20%  of 


Total     t    287,75 

...er  pump  and  pipe,  20%  of  cost t      29.00 

iuppllea,    freight,  hauling,    setting  up ITT.SZ 


^''^'     .-.,-11-       r ■  j    : 


1,  207--  of  coat t    100,00 


Supplies,  freight,  hauling,  setting  u 

Total     I    343.65 

Grand  total   tl.SSl-SE 
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Golfer  Dams — 

Materials,  lumber  and  oallB tl.28E.28 

FrelKht  and  train  haul iOt.33 

Labor  naklnK  ptlas 898,8! 

Labor    drlviOK-   piles 1.384.06 

Total     f  3.eT2.46 

Tlie  sheet  plllos  took  63,500  ft.  B.  M.  at  lumber  i    the  cogt  per 
I.OUO  ft.  B.  M,  for  the  sheet  plllnK  was  then : 

Materials,    lumber    and    nalll (      ZD.08 

Freight   and   liaulase 4.8S 

Labor  making  piles 10.97 

Labor  drlTlng  piles S1.80 

Total     ;(  67.87 

Forma,  Platforma  and  Runtoatr* — 

Lumber,  hardware^  etc f  224.5} 

PrelKht  and  train  haul 40.20 

Labor  making,  removInK  and  placing SSO.EI 


Concrrte  Uateriala — 

Cement,  freight,  unloading  and  storing H. 817.48 

Sand,    freight,    unloading,    etc 1.338.05 

Broken  stone,   freight,   unloading,   etc 2.028.92 


This  gives  us  for  2,300  cu.  yda  of  concrete  a  cost  of  13.47  per  cu. 
yd.  for  materials,  including  freight,  storage,  and  unloading  charges 
of  all  kinda  A  line  on  the  proportion  of  the  coat  contributed  by 
these  latter  Items  may  be  got  by  taking  the  prices  of  the  materials 
I.  o.  b.  at  the  places  of  production  and  assuming  the  proportions 
for  a  1-3-S  concrete.  According  to  tables  In  Gillette's  "Handbook  ol 
Cost  Datn."  a  1-3-E  broken  stone  concrete  requires  per  cubic  yard 
1.13  bbia  cement,  0.48  cu.  yd.  sand  and  O.Sf  cu.  yd.  broken  stone. 
We  have  then: 

1.13  bbls.   cement,  at  11.60 (1.S9 

0.4S  cu.  yd.  sand,  at  20c 10 

O.SO  cu.  yd.  stone  nt  4Ec 38 

Total     (2.15 

nils  leaves  a  charge  of  tl.3S  par  cubic  yard  of  concrete  tor 
freight  and  handling  materlala  'n>e  cost  of  mixing  concrete  and 
placing  It  In  the  form*  was  t3>4>0.gT.  or  tl.G2  per  cu.  yd.  We  have 
then; 

Cost  ot  concrete  materials  per  cu.  yd. t).4T 

Cost   mixing   and    placing  c '~  *  "■ 


miscellaneous  expenses  of  the  Work  comprised; 

Watchman,   tools,    telephone,   etc I    T22.4S 

-         ■   ■.  furnishings,  supplies;  etc. 829.04 


..|1,6EI.S: 
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To  this  has  to  Im  added  tl.l34.2S,  the  coit  of  excavating  the  coOer 
duma.  The  total  and  unit  coeta  of  the  dlSerent  Items  oF  the  ctm- 
cret<?  aubHtructure  work  can  now  be  aumniarlzed  as  foUowB; 

Item.  Total  Per  cu.  yd. 

Muclilnery  and  supplies |  l.SSI.Sfl  |  .S» 

Cufter   daniH    3,B73.4fl  l.»lt 

l-'unnB.  etc.    HUSO  .34 

Concrete  materials   7.880.45  3.47 

Mixing  and  placinK  concrete 3,490.ST  1.-13 

Excavating    cMIer    dams 1.134.28  .49 

Miscellaneous   1.S51.52  .6'i 

Totals     tIO,S4S.71  18.80 

The  weiGlit  of  steel  In  the  plate  Birders  was  694,479  lbs.  The 
total  uiiJ  unit  coats  were  a»  (allows: 

Item.  Total.  Per  lb. 

Sl.el   Birders 119,128.42  I.'aOcts. 

Kn.'lghi    on   Bli-dere 1.36&.tl)  0.316 

UnloadlnB  and  scacklnB 140.JG  O.OIG 

Total   t20.S34.3T  Z.9S    cts. 

ErectlnB  Birders    I   I.SS3.48         O.Sll  PtB. 

Derrick  car.  Z0%  ol  cost 127.10         0.009 

Total    1   1. 490.^8         0,22    clR 

Grand  total    J.18    cla. 

The  cost  of  the  deck,  material,  frelglit.  labor  and  palntlnB  was 
t2,3tSS.42,  making  the  total  cost  of  the  Buperstructure  124.613.37. 
Adding  to  this  the  cost  of  the  subatructure,  oa  Blven  above,  we  have 
I44.7S9.11  as  the  total  cost  of  the  brldfe.     The  cost  per  lineal  foot. 

For  superstructure  t!4.51 


Total    »44.7S 

Cost  of  Erectlna  Riveted  Deck  Olrder  BrIdQe.— A  riveted  deck 
girder  bridge.  710  ft.  lonB  and  S6  ft.  high,  consisting  of  seveii  SO- 
tt.,  one  60-ft.  and  three  30-ft  sections,  wag  erected  as  described 
below.  The  bridge  was  to  replace  B2B  ft.  of  timber  trestle  anU  two 
103-ft.  overhead  Howe  Itubb  spans  on  a  railway  line  over  which 
32  trains  were  moved  between  T  a.  m.  and  E  p.  m.  Two  travelers 
with  tackle  were  used  In  the  work.  While  the  excavation  Was  be- 
ing (lone  the  falsework  was  put  In,  by  trestllng  the  two 
e-pana  and  cutting  out  a  section  1  ft.  lonf  of  the  posts 
of  Che  trestle  part,  and  Introducing  an  intermediate  cap. 
a  distance  of  12  ft  below  the  rail  to  form  lookouts  for 
truck  for  travelers.  In  this  way  the  cost  of  the  false- 
work was  reduced  and  everything  could  be  pUiced  from  the  lop. 
usInB  one  traveler  for  pIoclnB  the  pedestal  stones  Che  entire  length, 
and  for  placing  the  posts  on  the  return  trip.  After  the  pons  had 
been  placed  the  other  traveler  was  erected  In  order  to  carry  both 
ends  of  the  girders.  Owing  to  circimistances.  (he  materials  were 
unloaded  2.000  ft.  from  the  bridge  and  were  brought  to  it  on  push 
cars:  thai  Is;  all   except  the  girders,  wlilch  were  loaded  on  tracks 
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and  moved  with  a  locomotive.  The  slrders  were  rlvelef  tOGSther 
on  the  ekids,  the  ties,  tte  platas.  guard  rail  and  rail  placed  upon 
them,  and  then  loaded  on  trucks  ready  to  be  sent  out  Jacks  were 
placed  under  each  end  of  the  girders  when  they  had  been  spotted 
over  thslr  place  and  they  were  raised  clear  of  the  trucks.  The 
tackle  waa  then  attached,  a  strain  taken,  the  trucks  run  out.  and 
the  Jacks  released,  and  they  were  swung  clear.  Owing  to  the 
height,  the  strlnBer-tlos  and  guard  rail  had  to  bo  taken  on  deck. 
The  bents  were  let  down  on  the  Intermediate  caps  and  the  girders 
lowered  Into  place  by  the  means  of  the  llnss.  It  was  possible  to 
swing  the  girders  either  way,  so  that  when  they  were  within  6 
Ina  of  their  scat  a  small  bar.  pointed  at  each  and.  could  be  inserted 
to  guide  them  Into  place.  The  first  SO-ft  girder  was  placed  In  2 
hours  and  22  minutes,  and  Che  second  was  placed  In  1  hour  and  3S 
minutes,  while  another  girder  was  placed  In  BS  minutes.  The  fol- 
lowing costs.  Incomplete  though  they  are,  may  be  of  some  value. 
The  work  was  done  some  years  ago  when  wages  were  lower  than 
they  now  are.  Cost  of  placing  the  11  girders,  together  with  the 
riveting,  unloading  steel,  loading  on  trucks,  engine  attendance,  etc., 
was  »1. 255.49,  or  J1.7683  per  Un.  ft;  cost  of  placing  four  rocker 
and  three  tower  bents  was  1570.04.  or  t0.8003  per  Un.  It:  total 
cost  of  suiierstructure.  Including  falsework  and  traveler,  was 
t2,!4S.8E.  or  tS.IETl  per  tin.  ft     The  cost  of  riveting  was  as  fol- 

Rlveta.  Per  rivet. 

Riveting  girder SM6  tO.0EO2 

Riveting  bents    480  0.10«S 

Riveting  girders  to  post 264  0.1468 

Cost  of  an  Iron  Brldoe,  Including  the  Cost  of  Masonry  Abut- 
ments.*— In  this  article  we  give  the  cost  of  erecting  a  130-ft.  span, 
supported  by  stone  abutments  and  pier,  at  New  Buffalo,  Mich., 
for  the  Chicago  A  West  Michigan  Ry..  the  work  being  done  In  1894. 
The  statement  of  the  cost  of  the  bridge  to  the  railway  company 
was  as   follows : 

False  work  material  (estimated) |        TS.OO 

Ties,   etc 134. S6 

Iron  span   5,688.00 

1.060  cu.  yda  excavation  at  tO.25 262.50 

<26.4  cu.  yds.  stone  (Grafton)  at  JS.Se 2,917.39 

445  cu.  yds.  stone  cut  and  laid  at  18.50 2.892.50 

Filling   behind   abutment   laborers 86.25 

Falling  behind  abutments,  engine  work S.IO 

Filling  behind  abutment,  10%  above  labor 4.04 

LatKir  taking  down  old   truss  and  erecting  false 

work    ....    170.76 

LalMir  framing  and  placing  ties  and  tie  guard. . .  67.39 

Labor  taking  down  false  work 27.00 

'       Total   cost    tlt.lSS.Ii 

The  actual  coat  of  the  stone  masonry  per  cubic  yard  was  I13.0B  ; 
of  this  sum  |fl.50  was  for  cutting  and  setting  and  $6,55  tor  the 
atone.     The   above  cost  of  the   stone   Is  the  cost   to  the  railway 

' BnsineerinB-Contractlne,  February,  ISOB. 
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Gompanr.  at  La  Porte.  Delivered  at  New  Buffalo  tbe  none  would 
cost  tS.lO  per  cubic  yanJ,  making  the  actual  coet  of  the  maaonrv 
(14. EO  per  cubic  yard.  The  stone  meamred  425.4  cu.  yds.  In  Uke 
block  and  made  444  cu.  ydo.  Id  the  wail,  thus  ovemumiiiK  ]>■£  «i- 
yOs.  A  total  of  El  cars  ot  (tooe  Was  uasd,  tbe  averaKC  weight  per 
car  being  34,S0O  Iba :  the  average  number  ot  cubic  feet  per  car 
was  2£«i  and  the  average  weight  per  cubic  foot  was  144  Ibo. 
These  figures  were  based  on  the  atatpptng  w^gbts  ot  the  cars.  Th? 
stone  was  ecabbled  only,  which  accounts  tor  the  blgb  weight  per 

The  total  cost  of  erecting  the  bridge  was  tZSG.lt.  this  Including 
the  labor  tor  taking  down  the  old  truss,  erecting  false  work,  fram- 
ing and  placing  ties  and  tie  guard,  and  the  labor  tor  taking  down 
the  false  work.  The  cost  ot  erecting  the  130  ft.  q}an  was  there- 
tore  a  trine  over  |2  per  toot- 
le will  be  noticed  that  the  weight  ot  the  Iron  span  Is  not  given 
In  the  above  statement  ot  the  cost  of  the  work,  nor  Is  the  num- 
ber of  men,  the  rate  of  wages  or  the  time  employed.  The  state- 
ment would  have  been  much  more  complete  had  theae  details  been 
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The  tollowlns  Is  rearranged  from  data  originally  publldied  In  the 

"Railway  Age-Go^ette"  :  The  bridge  conalsta  ot  IT  spans  of  50 
ft.  deck  plate  girders  carried  on  concrete  piers  and  reinforced  con- 
crete piers  and  reinforced  concrete  abutnienta  The  substructure  Is 
founded  on  solid  rock  ranging  In  depth  below  low  water  from 
zero  on  the  west  ebore  to  19  tl-  on  the  east  shore.  The  west  sbul- 
ment  and  succeeding  13  piers  were  corrled  to  rock;  the  three 
remaining  piers  and  the  oast  abutmeot  were  set  on  piles  driven  tn 
rock  and  cut  off  at  low  water  level.  The  piers  consist  ot  bases 
14  (t.  3  Ins.  X  7  ft.  9  ina.  in  dlmenslonH  and  varying  In  height  with 
the  depth  ot  foundation,  and  shetts  13  ft.  9  ins.  x  E  ft.  9  Ina  ai 
the  base ;  12  ft.  :t  E  ft.  at  the  top  over  coping  and  2S  ft.  high.  Barb 
shntt  pontalnB  about  S4.8  cu.  yds.  ot  concrete.  The  opans  between 
pier  centers  are  GO  ft.  3  ina  The  abutments  are  ot  reinforced  con- 
Two  methods  ot  construction  were  employed.  The  flrat  method 
was  used  tor  the  west  abutment  and  tbe  succeeding  sIt  piers.  Ope- 
rations were  conducted  from  the  river  bed.  The  west  abatment 
was  above  water  level  and  was  straightforward  construction.  For 
this  six  succeeding  piers  U.  S.  Steel  Sheet  Pile  cofferdonu  were 
built  and  excavated :  the  base  forms  were  set  Inside  and  eoncrel- 
ed,  and  then  the  slmft  forms  were  erects*!  and  concreted.  A  60  x 
120x4  ft.  barge  In  the  river  carried  a  hoisting  engine  and  stiff 
leg  derrick.  This  derrick  handled  the  forms  and  also  a  clam 
shell  for  excavating  the  cofterdama  A  pile  driver  supported  on 
heavy  horses  drove  the  sheeting.  The  concrete  was  mixed  On  the 
river  bed  by  a  W  cu.  yd.  Chicago  Improved  Cut>e  mixer  and  taken 
to  the  work   In   dump  buckets  In   push   cars  running  on  a  track 

'EngtnevHnB-Contmcling,  Feb.  3,  l»0». 


which  wfli  eict«na«d  from  pier  to 
p[er.  At  the  piers  the  buckets  weru 
raised  and  dumped  by  means  of  u 
mast  and  croBshead.  When  the  pier 
was  completed  the  girders  were  set 
by  meaiif  of  a  IB-ton  derrick  car. 

Work  was  conducted  In  the  man- 
ner described  from  April  20,  1907,  to 
May  1,  1908.  This  slow  progreBs 
was  due  largely  to  the  fact  tliat 
the  organlzntlon  was  such  that  one 


erallons    lioing    carried    on    at    the 
same   time.      F^irthermore  the  flrlv- 
Ins  and   pulling'  of   the   steel   sheet- 
ing was  a  tedious  process.      It  took 
from   n   week   to    ten  days  to   drive 
the  sheeting  for  one  coITerdara,  and 
_j        In   penetrating  Ihe  cemented  gravel 
9        the  piles  were  often  so  battered  anil 
N        bent  that  it  took  as  long  or  longer 
J        to  pull   as  lo  drive   them.      The  ex- 
2       i-avatlon  of  the  cofferdam  occupied 
a        about  two  daj-a  '  It  was  to  remed}- 
K       this  slow  progresH  that  the  second 
I.        method  at  construction  was  devlse'l 
"        by    Mr.    W.    W.    Colpltts.    Assistant 
*«       Chief  Engineer,   who  assumed  per- 
^       sonal  charge  of  the  work. 

A  second  track  was  laid  parallel 
to  the  main  track  as  shown  by  Fig. 
6.  To  support  this  second  track 
20-tl,  guard  rail  timbers  were  In- 
serted between  each  pair  of  main 
track  ties  and  secured  with  hook 
bolts  to  the  girder  flanges.  On  the 
overhanging  ends  of  these  timbers 
two  lines  of  3  s  12-ln.  planks,  on 
6-ft.  centers,  were  laid  to  carry  the 
■econd  track  rails.  The  concrete 
milted  was  removed  from  the  river 
bed  and  placed  on  the  west  bank  as 
shown  by  Fig.  S  ;  the  second  track 
led  directly  to  and  from  the  mixer. 
A  aiding  was  also  laid  to  the  mixer 
tor  the  sand  and  gravel  cars,  which 
ji  .  were     loaded     at     a    nearby     cut- 

^  ting.     Water   was   pumped    to    the 

mixer  from  the  river  as  shown  by 
Pig.  «. 
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The  second  track  was  extended  (rom  pier  to  pier  as  feat  a*  the 
main  track  waa  completed,  ho  that  Ibe  derrick  car  could  be  run 
out  on  the  second  track  to  a  poaltion  alongside  (he  last  comjtlMed 
pier.  The  derrick  car  boom  was  lengUiened  about  25  fc  by  qiUc- 
Ing  ojid  trussed  with  wire  cables  to  sustain  a  load  of  4  tons  at  Ita 
outer  end.  From  the  boom  a  6E-ft.  exCenBlan  o(  the  second  trade 
was  suspended  by  cables  "0.1  the  boom  and  at  mid^tength;  the 
Inner  end  o(  the  extension  track  was  supported  by  a  bent  on  [he 
pier.  The  arrangement  oC  the  extension  track  is  made  abore  tqr 
Fig.  6 ;  as  will  be  seen  the  concrete  could  come  from  the  mixer  by 
ear  to  directly  over  "the  pier.  When  a  pier  had  been  concreted  the 
exiendon  track  was  set  one  atde  and  detatrhed  and  the  derrick  was 
available  for  erecting  tlie  plate  glrdera. 


Fig.  7, — Concrete  Bucket. 

For  depoBitlnK  concrete  below  water,  a  bucket  was  devised  to 
operate  with  a  single  line,  as  Illustrated  in  Fig.  T,  It  was  built 
<>t  a  3-tt  section  of  16  In.  corrugated  iron  culvert  pipe,  having  a 
capacity  of  W  cu.  yd.  In  the  bottODi,  which  was  of  wood,  was  a 
(■lap  valve  S  Ins.  square  opening  upward  A  1-ln  Iron  tnmolon  ast 
6  ins.  off  center  was  secured  to  the  bottom.  A  bale  with  chain 
hooks  at  Its  extremities  was  attached  to  the  pile  line  of  the  der- 
rick car  which  was  led  through  a  block  at  the  end  of  the  boom 
directly  over  the  center  Of  the  pier.  To  the  top  of  the  bale  was 
pivoted  B  counter- weighted  trip  engaging  a  lip  on  the  aMe  of  the 
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bucket.  The  bucket  ttqb  carried  on  a  push  car  and  the  mlicer  dla- 
charKSd  directly  into  IL  It  was  then  run  out  to  the  end  of  the  ex- 
tetiBion,  the  hooks  of  the  bale  allpped  over  the  trunnions,  the  trip 
caught  on  the  Up.  the  bucltct  raised,  and  the  car  pushed  from  un- 
der It.  The  bucket  Kan  then  lowered  and  upon  Its  welRlit  betn# 
taken  on  the  bottom  the  trip  automatically  released.  As  the  bucket 
was  slowlj  raised  from  the  bottom  and  upset,  the  valve  In  the  bot- 
tom opened  and  the  concrete  poured  out  without  disturbance ;  Its 
conatnictlon  being  such  that  It  discharged  toward  the  lowest  point. 
Three  buckets  were  used,  one  being  dumped  while  two  others  were 
on  their  way  to  and  from  the  mixer ;  the  loaded  ear  using  the 
second  track,  the  empty  car  reluming  on  the  main  track. 

The  concrete  tor  Che  shafts  was  carried  In  dump  boxes  on  push 
cars.  Fig.  8.  The  torms  were  securely  wired  to  prevent  distor- 
tion from  the  fHlllng  concrete  and  baffle  boards  were  used  to  dis- 
tribute the  concrete  uniformly. 

It  was  found  that  detachable  cast  steel  teeth  on  the  lips  of  Che 
clam  shell  greatly  Increased  the  dally  capacity  of  Che  dredge  and 


Pig.   fi. — Concrete  Car. 

this  fact  suggested  the  advisability  of  doing  away  entirely  with 
the  steel  sheet  plilng  which  had  proven  both  expensive  and  slow. 
The  greatest  depth  to  rock  was  19  ft.  below  the  low  water  surface 
and  was  practically  level  over  Che  area  of  a  pier.  It  was  decided 
to  sink  open  wooden  cofferdams,  first  dredging  as  deep  as  practic- 
able in  the  open  Water  at  the  pier  site,  the  limit  of  which  iiroved 
to  be  about  12  ft.  In  the  meauCimc,  the  timber  for  the  cofferdams 
was  being  framed  on  the  bank.  They  were  buUC  as  follows:  The 
three  bottom  courses  were  composed  of  condemned  bridge  string- 
ers, the  lower  one  having  a  4E°  cutting  edge,  unshod.  Above  th» 
stringers  the  sides  were  composed  of  3xl2-ln.  plank,  spiked  to  cor< 
ner  posts  and  studa 

During  construction  the  cofCerdant  was  supported  on  a  raft  also 
composed  of  condemned  bridge  stringers.  The  raft  was  built  with 
an  open  bay,  about  1  ft.  larger  on  all  sides  than  the  cofTerdam. 
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Aeroas  the  center  of  the  opening  waa  stretcbed  a  heevy  teleciaph 
wire  nipportinB  the  eiuta  of  four  planks,  the  other  ends, resting  *>" 
Uie  raft.  The  lower  courses  of  timbers  of  tbe  cofferdam  irer«  then 
set  In  position  on  these  planka  and  drift-bolted  tosetber.  The 
position  of  the  colferdam  on  the  planks  was  such  that  only  a  small 
pervnotase  of  Its  weight  came  upon  the  wire.  The  two  other 
courses  of  atrlnEere  were  then  laid  and  bolted  to  these,  after  which 
the  3-ln.  planks  compriBlng  the  balance  of  the  sides  of  coSerdmn 
were  spiked  to  the  comer  posts  and  studs.  When  completed,  the 
wire  was  cut  and  the  cofferdam  launched  Into  the  water  below. 
which,  as  stated  above,  had  pr«vtauBly  been  dredged  to  a  deplli 
of  about  12  ft.  It  was  then  Ruyed  to  Its  exact  position  end  held 
level  by  lines  from  the  boom  of  the  barge  derrick.  Four  posts  or 
lesa  with  the  lower  ends  resting  on  the  bottom  of  the  excavallon. 
were  spiked  to  the  outside  comers  and  all  the  guys  rranoved.  al- 
lon-InK  the  cofterdnm  to  rest  entirely  upon  theoe  legs.  To  make 
provision  for  weighing  the  cofferdam  while  belnff  sunk,  stringers 
were  placed  across  Its  ends  and  on  the  portions  projoctlng  beyond 
the  sides,  a  door  of  other  stringers  was  laid  and  boxed  Up  to  a 
height  sufficient  to  carry  a  load  of  about  IS  tons  Of  gravel  each. 
The  dredging  operations  were  then  begun  anfl  the  material  taken 
from  the  Interior  of  Che  cofferdam  placed  In  the  boxes  until  they 
were  filled.  When  the  dredjclng  had  continued  to  a  point  where 
the  bearing  whs  uniform  on  the  cutting  edge  of  the  bottom,  the 
legs  detached   themselves  from   (he  aides  and  floated  to   the  sur- 

By  carefully  sounding  the  bottom  and  loadlngr  the  boxes  uni- 
formly as  the  dredging  proceeded,  the  cofferdam  sank  uniformly 
to  the  rock.  The  load  Was  not  removed  from  the  boxes  until  the 
concrete  hnd  been  placed,  when  by  cutting  the  wires  supporting  the 
aides  the  gravel  dropped  Into  the  water.  The  colferdam  whs  pre- 
vented from  bulging  when  the  concrete  was  being  deposited,  bj" 
means  of  a  wire  cable  strung  around  the  top  and  wedged  taut  at 
each  of  the  studa  The  derrick  car  was  not  removed  from  its 
position  supporting  the  extension  track  until  the  concrete  In  both 
the  base  and  shaft  had  been  placed.  The  pile  line  of  the  derrick 
car  was.  therefore,  available  in  removing  the  form  on  the  shaft  of 
the  pier  behind  and  erecting  It  on  the  recently  completed  baee. 
The  operation  of  tilling  It  with  concrete  was  then  begun.  'While 
the  work  of  placing  the  concrete  In  the  base,  erecting  the  form  for 
the  shaft,  tilling  It  and  setting  the  girders  was  going  on.  the  bailee 
was  employed  In  dredging  for  and  sinking  the  next  cofferdam,  and 
In  this  manner  the  work  proceeded  until  the  ISth  pier  was  com- 

The  piles  In  the  foundations  of  the  three  piers  on  the  east  bank 
of  the  river  were  driven  with  ral\  leads  suspended  loosely  from 
the  boom  of  the  stiff-legged  derrick,  which  had  been  removed  and 
plnced  on  skids  on  the  bank.  The  forms  were  set  and  tilled  in  the 
manner  deacrll)ed. 

The  method  of  building  tho  west  abutment  was  as  foUows:  Upon 
the  completion  of  the  excavation,  the  form  was  built  up  to  a  point 
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S  t\.  above  the  bottom  of  the  overhang.  The  pllaa  were  then 
drlvei  Bud  the  bBck-nillng  completed  up  to  the  level  to  which  the 
form  hod  b«m  built  and  care  taken  to  tamp  the  fllllns  solidly  un- 
der  the  t^rm  Tor  the  overhang.  The  form  wa«  then  filled  with  con- 
crete to  the  top  and  the  overhanglnK  slab,  which  was  3  ft.  thlcH, 
reinforced  vdth  iteel  to  enable  It  to  support  the  load  of  green  con- 
crete that  would  later  come  upon  It.  The  form  for  the  upper  por- 
tion was  then  completed  and  tlia  whole  flUeU  with  concrete  up  to 
the  brldee  eeat  In  two  days'  run.  The  west  abutment  was  com- 
pleted and  the  last  span  set  on  August  2T.  190S.  sn  average;  after 
Uay  1,  of  one  pier  and  span  about  every   nine  working  days. 

The  statement  of  cost  will  be  especlallj'  interesting  to  those  who 
are  familiar  with  conditions  In  the  Republic  of  Mexico.  Oenerally 
speaking,  machinery,  materials  and  supplies  of  all  kinds  are  much 
more  costly  than  In  the  United  States,  tnit  this  dlaadvantage  is 
partly  offset  by  cheap  labor.  The  scale  of  wages  (In  U.  &■  cur- 
rency)  that  prevailed  on  the  work  are  given  below: 

The  cost  of  materials  delivered  at  the  work  was  as  follows: 

General  foreman   fl&a.OO  per  month 

Sub-foremen     -1.00  per  ciuy 

Hoisting  engineers    4.l>0  par  day 

Firemen    1,50  per  day 

Carpenters    I.sO  per  day 

Blacksmiths    2,00  per  day 

Laborers   ipeons)    .7G  per  day 

Cement  per  bbl |  3.73 

For  lumber,  per  11.  ft.   B.  M 23.33 

Bridge  timber,  pei-  M.   tt.  B.  M 36.65 

Reinforcement,    per    ton 78,20 

Steel  sheeting,  per  ton SJ.JB 

Bridge  steel,  per  ton 68.98 

In  the  statement  below  a  proportion  of  the  cost  of  all  machin- 
ery and  tools  Is  charged  against  the  bridge,  depending  upon  their 
condition  and  availability  for  future  work. 

(Contain  BS6.2  cu.  yds.  concrete.) 

Material.  Total.  per  cu.  yd. 

Cement.  894. <  bbls..  at  IS.73 t3,59l).ll  H.42 

Sand,  283  cu.  yds.,  at  lO.BOVi 132.81  0.2s 

Qravel,  GZG  cu.  yda,  at  t0.6l>>4 215.62  0.45 

L,umber,  22,232  ft.,  B.  H.,  f33.3i EIS.Gfl  O.gg 

Piles,    240   lln.   ft.,    at   10.22 52. SO  0.09 

Reinforcement,  41,730  lbs.,  at  13.96 1,632.51  2,79 

Machinery,  proportionate  cost G9.21  0.10 

Wire  and  nails 101. BO  O.ig 

Lubricating  oil    8.S0  o.Ol 

Fuel    - 109.00  O.Ig 

Total  material  I5,46S,72  (9.33 
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Labor. 

Kxcavatlon  for  (oundatloD I    199.S8  tO.M 

Building  and  removing  tomis J3I.01  O.&T 

DrlvlnK    pUcH    In    foundation 67.77  O-Jk 

Placing    sleel    reinforcement SS.5S  Si?'*' 


Mixli 

PutSplfi 


Htorlng  (nachlne*.  etc. 61.00 


Total    labor    ll.OBT.flE  11.8* 

Total    miLterlal    and    labor tS.BSG.ST  (11.19 

Bates  of  Pier*  I  (o  IS,  inclusive. 
BasCH  1  to     S  contain  373      ou.  I'd* 
Basea  I  to  19  contain  gST.T  cu.  yds. 

Total   l.ZSO.T  cu.  yia. 

Material ;  Total    Cu.  yd. 

Cement.  1,233  bblB..  at  13.73 14,699.09     (S.tS 

Kimd,  E91  cu.  yds.,  at  SO.GOVi 29B.4S       0.Z4 

Gravel.  1,1  S2  cu.  yds.,  at  tO.So  % 696.9!       0.47 

CniTerdams  of  plera  I  to  6 : 
Lumbar.  3  M..  R  U.,  at  333.33. ..t       68.99 

Steel    sheet    pllJnR 9£4.72 

Wire  nails  and  oil   53.00 

Machinery    817.00 

Fual    700.00 

Material  In  cofferdams  1  to  S $2,584.71 

Per  cu,  yd.  concrete  In  twsos  1  to  S.t        8.8S 

Coderdams  of  piers  7  to  IS : 
Lumber,  2«  M.,  B.  M.,  at  $33.33.  .|    «D«.SS 

Piles  In  foundation   198.00 

Wire  nalla  and  oil 210.25 

Machinery  1. 353.61 

Fuel     1,200.00 

Material  In  cofferdams  T  to  IS.  |3,6B8.49     6,133.10        4.86 

Per  cu.  yd.  concrete  In  bases  7  to  IS        64.03 

Total  material   II1.S37.67      IS.Zl 

Mixing  cAicrcle    GS0.33        0.4» 

Placing  concrete    662.26        0.63 

Pumping    water     38.00        0.0)6 

Cleaning  and  storing  machlneH.   etc 122.01        0.10 

ColTerdams  of  piers  1  to  6 : 

Excavation    t    8B7.22 

Driving  sheet  piling 1,653,19 

Pulling  sheet  piling 371.60 

Building  Inside  forms   214.31 

Id.bor  on  cofferdams  1  to  6 . . . .  (3,096.21 

Per  cu.  yd.  concrete  In  t>ases  1  lo  6  (S.30 

CoRerdams  of  piers  7  to  IE: 

Bvcavatlon   (I.OIO.OB 

Piles  In  foundation 313.23 

Building  and  sinking  cotferdams.      870.30 

labor  on  cofferdams  T  to  16...  13,184.17     5,190.10        4.20 

Per  cu.  yd.  concrete  In  bases  7  to  10       (3.47 

Total  labor   .3  6.6*3.99  t&.3I 

Total  material  and  labor (18.330.66  114.61 

Labor  and  material  of  cnlTerdemB  1  to    6  per  cu.  yd.  concrete.  116.18 

Labor  and  material  of  colferdiuna  7  to  16  per  cu.  yd.  concrete.  6.49 


BRIDGES.  lo27 

Btutfti  of  Fieri.  1  to  It,  Incluaine. 

(I,3ST.i  cu.  yda  onnorele.     The  BhnfCs  of  thf  pl^rs  did  nol  differ 

npprecla^ilv  In  coal,  and  the  statement  la  not  divided  aa  in  the  case 
of  Ihe  bas^a.) 

Materials:  Total.  Per  cu.  yd. 

Cement.   182  bbls.,  at   |3,73 1   I.Sn.Tl  t  3.41 

tiitid,  367  cu.  ydg..  at  BOrt  eta 321.69  0.21 

Gravel,   614  cu.  yds.,  at  50%  cla..... 843.3K  0.*7 

Lumber.  3.0OO  ft,  B.  M..  at  123.33 Ifi3.3l  0.1£ 

Machinery,  proponlonale  coat   1B5.0D  O.Il 

Wire  and  nalla   101.50  0.07 

liUbrlcatlne    oil     33.50  0.03 

Fuel 9I9.00  0.«« 

Total  material  t  6.050.13  t  6.1S 

Building  and   removing  romui f      5B2.EE  t  0.4S 

Mixing   concrete    G(12.4f.  0.46 

Placing    concrete    «S2,73  0.48 

Pumping  water 39.00  0,03 

Cleanlns  and  storing  machinery 132.01  0.09 

Total  labor   t   1.998.80  %  1.48 

Total  material  and  labor  t  8,948.93  t  S.60 

Total    coat    ot    BubBtructure (33.836.95  (10.66 

Slcel  Spona. — n  SO-ft.  Deck  Plate   Glrtltra, 

Uaterlal :                                                                           TulaL  Per  ton. 

Steel.  611.734  lbs.,  f.  a.  b.  New  York tl6.S32.6g  (66.00 

Freight  nnd   brokeraKe 4.532. 68  14.98 

Fuel.  Belling  and  riveting  girders 181.36  0.59 

Total  material   (21,586.13  (70.67 

TTnloartlng  and  aettlnB  glrdara (       214,45  (  0,96 

KlvetInK  Klrders    610.35  2.0S 

Setting  anchor  boltB 1 06.00  0.34 

Machinery,  proportionate  cost   333.70  0.83 

Total  labor (   1.293.60  (  1.22 

Total  material  and  labor (32.879.62  (74.79 

Deck. — Tie*  L.   L.  P.  »-1n.  a  M-(n  x  IB-tl-.  Spaeeii  tl-in.  Centert; 
Guard  Rods  L.  L.  P.,  1-in.  x  9-1n.  x  X-ft. 

Per 

Material:                                                                          Total.  H.  B.  H. 

63.401  ft..  B.  H..  (.  O.  b.  Satton,  La. (   1,133.23  (18.00 

Freight  and   brokerage 1.163.78  18.65 

F^iel     25.60  0.40 

Total  material (  2.312.60  (37.06 

Framing' and  placing (       B6I.68  (  B.OD 

Machinery,  proportlonale  coat 60,63  0,97 

Total  labor (       633.31  (  9.97 

Total  material  end  labor (  2,934.81  (47.03 

Total  cost  of  superstructure t35,B14.4S  ..... 

Total  cost  of  bridge (69,640.38  
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Coit  of  Erecting  ■  Draw  Brldo*  of  23e-tt.  Span.*— This  brJdie 
luis  B  BpB.n  of  ilt  ft..  HJid  a,  lenstb  of  S3S  ft.  over  aU.  Truawa  are 
1«  ft.  c  to  c,  and  the  depth  of  trim  U  imifonn  and  XS  ft  c  lo  c. 
or  <:liurd  pins.  The  center  iKUiel  la  16  fU  and  the  reirtalnlng  10 
piUielB  are  eugh  22  fL  The  bridge  la  deriened  to  be  turnn)  by  hand 
only,  and  has  a  drum  22%  ft.  i  4K  ft.  fhe  bridge  was  detdgried 
for  a  hv«  load  o(  3,300  Iba.  per  lln.  ft. 

The   total   weight   of  the   metal    Is   133.300   lbs.,    distributed   as 


TruBses     SOG.GOO 

Lateral     bracing     10,000 

Floor   ayetem    JOT.OCO 

Turntable — 

Drum    (2214    ft.   dlam.) !],40O 

WlieelB     (M)      1S.20U 

Truck     11.100 

■      Rack      1.800 

Tread   pla     5,200 

Gearing  and  journal   boxes 25.400 

End    lift    , 10.201) 

End    supports    6,100 

Total    431.J00 

The    Itemlied    coat     (to    the    contractor)    of    eret-llun    wna 

General 

4*4   d.iya,'' brtdiiemenT'af'i's'do, .' loi.v 

31   dnjB,  laborers,  at  (2.00 «8.0( 


3  Jai-a.  blackamith,  at  13.00 9.00 

3S.O.      Total    labor,    nt     J3.67 t2«S,S0 

3.1)00   ft.    B.    M.    In    traveler  nt    »25 IS.OO 

Total     »a41.60 

steel  from  rara,  the  labor  of  making  and  erecting  traveler. 
Erection  of  Bteet  Work — 

10  days,   foreman,   at    IS.OO (  SB.OO 

110  (laya.  brUlKcmcn.  at  S3.0I) 330.00 

80  days,     rlvetera.    ot     13.00 240.00 

73  days.  Iicatora  and  buokers,   nl   t3.00 I4C.0O 

S4  days,  laborers,  at   {2.00 168.00 

368.     Total    laborers,    at    »2.S!> t    969.00 

30  days-  ront  of  hoisting  enRlnc.  nt  (3.00 SO. 00 

10  tone  coal,   at  »3.00 30.00 

Total    (1. 089.90 

*A'np(necr(n(i-Con(roe(iBir,  May  29.  1907. 
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The  (nglneman  received  the  same  Wages  ns  the  brldgemen  nml 
was  clasMd  with  ttietn. 

3  days,    foreman,    at    |6.00 (  IjI.OO 

9  days,    bridgemen,    at    JS.OO 27.00 

SO  days,    painters,    at    12. SO 200. Oil 

flB  dnye  total   labor    »S4!.oo 

Total  materlale  and  labor   fSlT.OO 

Ttmftirr  Deck    (ITMO  ft.    B.   St.)~ 

3  days,     roreman.     at     ta.OO 11.1.00 

26  dnya.  r 

32  days    total   labor  at    t^.OO (92.E0 

It  win  be  noted  that  the  latior  of  framlfiK  and  placing  the  tim- 
ber decit  (1.  e..  the  ties,  guard  rail,  etc)  cost  fS.SO  per  H.  or  38  rts. 
pw  lin.  tt.  of  brldKe- 

There  Is  clearly  some  error  In  the  amount  ot  red  lead  and  oil 
above  Klven.      Plnt-c  tlie  bridge  weiKlied  433.000  lbs.,  or  21S.E  tons, 
the  cost  per  ton  for  erection  may  be  summarlied  as  follows: 
OenrraJ  Erpenae —  Per  ton. 

IJlbor     t    2fiS.60  11.23 

Material    for   traveler    "S.OO  0.35 

Ererlinp  Steel — 

Lnlrtlr    J t    SS'l.OO  |4.(9 

Rent    of  enRlnp    SO, 00  0.41! 

Cool    for    engine    30,00  0,14 

PalnHne— 

Materials     t       95,00  |0,44 

Liihor     S42.00  1.11 

Timber    deck     92,.';"  0,42 

Total      11,880,00  tS,80 

This  work  was  done  by  a  contractor  who  received  |12  per  ton 
for  erecting  the  bridge.  E>ractlcalty  no  falsework  was  neceaaary. 
since  (he  bridge  was  erected  upon  the  "draw  protection."  which 
served  as  a  falsework. 

The  bridge  metal  cost  4  eta  per  lb,  f.  a.  b.  oarf^  ready  (or  erec- 
tion, and,  since  the  contract  price  was  O.B  cts.  for  erection,  the  total 
was  4,0  eta  per  lb.  in  place,  or  119.931  for  the  total  niperBtructura, 
exclusive  of  the  timber  deck.  This  Is  eaulvalent  to  nearly  |85  per 
lln  tU  There  were  nearlr  70  ft.  B.  M,  per  Iln,  ft  of  timber  deck 
(ties  and  guard  rail),  which  cost  fZO  per  M,  or  (1.40  per  lln.  ft. 
of  bridge. 

Cost  of  Howe  TruH  Bridges,  Cross- References.— In  the  section 
on  Timberwork  will  be  found  other  data  on  Howe  truss  bridges. 

Cost  of  a  ISO-ft.  Howe  Truss  Bridge. — The  following  data  were 
published  in  E-nalneerlnO'CotitracHne,  June  Sfi,  1907.  While  the 
old-faBbloned  Howe  truss  railway  bridge  Is  no  longer  built  In  the 
eastern  part  of  America.  It  ■■  still  to  be  found  In  the  West,  and 
Is  likely  to  remain  In  tise.  here  and  there,  tor  many  years  to 
cotne.    Practically  nothing  has  ever  found  Ita  way  Into  print  as  to 
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the  cost  of  ererllnB  Howe  truaa  bridges,  hence   the  following  data 
should  be  at  value  to  many  of  our  readers. 

A   riillway  Howe  truss  through  span  bridge  of  150  ft.   span,  was 
areoled  by  company  forces  at  iho  followInK  coat : 
Loaditio  Bridge  MateHal — 

2  days,  foreman,    at    I3.(>i)  t  ft.lH) 

IS  days,  carpenter,     lU 2.50  ts.in' 

12  dayo,  helper,     at 2.0*  21.00 

32  days.       Total 12.34  J7S.C0 

Loadittg  noitting  Engine — 

n.S  day.  pile   driver   enfp-.,   at Il.nn  t   1-BO 

0.T6  duy,  pBrpenter,     ut 2,sn  :1.7a 

0,5  day.  helper,     at 2.00  1.00 

2.5  days.      Total    12.50  *  (.25 

Loading  pllr  Drirer— 

1    day,  cnrppnter      *2.-n  t  !,.>0 

1  diiy.  helper      ._ 2.00  2.00 

2  days.       Total     i;.2S  I  4,S0 

ritUng  Up  Pile  Driver— 

^:t.!.  days,  carpenter     I2.sn  |J3.;r. 

3.5  days,  helper     2.00  7.00 

1 ;      days.      Total     »2.*0  »40,7i 

Driclng  Pile  Falaetnork— 

1   dav,   foreman    »3.00  |  3.08 

1  day,  ennlneer      3,00  3.00 

8  days,  ciirpenter    '.   2,.';o  20.OO 

5  days,  helper      2.00  lO.OO 

15  daya      Tolnl    J2.40  IS6.O0 

Frnining  and  Erpeling  Bridge — 

30  (Taj-K,  foreman    ll.OO  t      fiO.flO 

22  days,  engineer     3,00  «6.oo 

23(1  days,  carpenter      2..'ift  590.00 

260  days.  Helper     !-00  S20.0O 

5JS  (lays.      Total     »3.30  »l,26S.0O 

Train  Scrvicf— 

2  d<.yB,  conductor     »3.30  I   T.OO 

4  days,  brakemnn     2.50  1 0.00 

2  ilaya.  locomotive    and    crew 25,00  SO.OO 

Total      (87, 00 


II   tons  roal   for  hoisting  engine,  at  33 t  33.00 

Repairs   to   holsllng  engine 24.00 

Tools,    etc Ll-iJlO 

Total     |1»2,00 

Bridge  iTateriaJa — 

88,800  ft   B.   M.    timber,   at    |I5 (1,132.00 

44.800  lbs.   wrought  Iron,   at   2V,   cts. 1.120.00 

40.000  lbs.    cast  IrOn.   nt    1.8  cts. 720.00 

Total      13,172.00 


..    IH.OO 


FatteieorJc  Uotertal — 

1.120  lln.  tl.  pites   (2S  ptiea.  40  ft.),  at  8 

30,000  ft.    B.   M..  Becond  hand    at  tS.OO... 

500  lbs.  Iron,  at  2  ii   ete 

file  Abuliitenti  ilaterlal— 

1.000  Itn.  ft.  pllea   (40  ptlea.  40  ft.),  at  S  c 

1,700  Iba.    Iron,    nt    2%    cts , 

7,800  ft.    B.    M..    at    115 

Total    

Pila  Abutment  Labor — 

5  days,  foreman,    at ( 

B  day-B.  englnenian,  at 

3<  days.  caii>«ntsr.  at 

.10  days,  helper,    at 


12.34 

.1  uj   nays.  loaainK    engine 2.50 

2  days,  loaillng  pile  driver 2,25 

17  days,  titling  up  pile  driver i.10 

IB  daVB.  driving    fnlsowork 2.40 

5J8  ilays.  erei^tlns    bridge 2.30 

2  dayB.  train    service 

It  days.  hulldlnR    pile    abutments 2.37 

MlB(«llaneouB  Bupplles 

Total  labor  and   supplleB tl.SO' 

araterfolv— 

Falsework    mnlerlnl I    24!.li 

Abittment   material 2S4.6I 

Bridfre  material  — 

R8.800  fL   B.    M..   nt    tl5 l,332.0i 

14. BOO  IhK..   wrought   Iron,    3^   clo riiom 

40.0110  lbs.  cast  Iron,  1.8  pIb 


192.01 


Totnl  r 


erlnl    . 


Total  labor 

Included    In    tlie   above    coBt.      In    Bubsequt^nt    Issues    w 
costs  of  nbulments  prolecteil  by  cribs  and  riprap. 
Thp  cost  per  I1n»n1  foot  of  bridge  was  as  follows: 

Qeneral  labor,   loading  materials,  etc.-.f    1G2.S0 

Erectinp    bridge 1,26S.00 

Train    sen-lne 67,00 


.  .JJ.S' 


C    pile    f 


180.0( 


1  supplies 

Total    labor » 1 1. 45 


Bridge     3,172.00 
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It  vlll  be  noted  thai  th«  cost  of  flttlng  up  the  pile  driver  <t*D-73> 
WBB  elcenlve;  but,  on  the  other  hantl,  the  cost  ol  diivlnK  the  pile 
falsework   (136)   was  low. 

The  coat  oC  fratnInK  and  erecting  the  bridge  (tl.2S6)  Includes  tbe 
coBt  of  erecting  the  upper  falsework. 

The  labor  on  the  pile  abutments  (H80)  waa  high,  conslderlnfc 
there  were  no  criba. 

Cost  of  Two  Howe  Trust  Brldfiot  ef  120-ft.  and  130-ft.  Span,  In- 
cluding Pstsevfork  and  PUo  AbutmsnU.*— The  following  data  relatf 
to  a  through  Howe  trum  bridge  130  ft.  long  oi-er  all.  for  which 
a  contract  waa  let  for  the  labor  ot  erecting  the  bridge.  The  con- 
tractor paid  bridge  carpenters  I!. 75  a  day  and  helpers  IS.OO 

Tlie  bridge  was  designed  for  a  live  load  of  engine  and  tender 
weighing  112  tons,  followed  by  a  train  of  3,000  lbs.  per  Un.  ft.  Th« 
dead  load  was  1.S50  lbs.  per  Itn.  ft. 

The  cost  of  the  bridge  to  the  railway  company  was  as  follows: 
Folteworfc — 

S10  lln.  ft.  piles  (SO  piles)  delivered  at  S  cU. .  .$      IT.iO 

810  lln.  ft.  piles  driven  at  12  els lOO.SO 

!1,OO0  ft.   B.  M.  timber  delivered  at  JIB SIO.QO 

24.000  ft.  B.  M.  timber  framed  and  erected  at  IT. SO      ISO.OO 
400  lbs.  Iron  at   ZE  cts 10,00 

Total,   (5.S2  per  lln.   ft   bridge $  718,00 

Pile  Abutment » — 

1,400  lin.  ft.  plies   (10  piles.  35  ft.)   delivered  at 

S    cts.    t  IIS.OO 

1,400     lln.   ft.    piles,   driven.    12   cts 1G8.00 

I,TnO  ll.H.    Iron.     2.5    cts 42.60 

T.tiOO  ft.  B.  M.  timber  delivered,  J16 114.00 

T,«00  ft.  B.  M.  framed  and  erected,  fT.SO 67.00 

Total  for  two  abutments t    49S-S0 

Howe  Truta  Brldgf — 

29,000  lbs.  cast  Iron,  at  S  ell t    CBO.OIt 

34,1)00  lbs.    wrought  Iron.    2>A    cU 860.00 

71.700  ft.  B.  M.  timber,  at  tl6 l.OTB.OO 

130  lln.  ft.  bridge  framed  and  erected,  a<  t7.S0, . .      976.00 

Total    12.480.00 

Train    service 60.00 

Total      (S.ESO.OD 

Bummarif — 

Falsework,    materials 1    437.10 

Falseworli.   labor    (by  contract) 280.S0 

Pile    abutments,    materials 268.60 

Pile   abulmenta    labor 218.06 

Howe  truss  bridge,   materials £,Gt6.0» 

Howe  tnuis  bridge,   labor 9TG.00 

Trnln    service 60.00 

Grand  total,  130  lln.  ft,  at  836.60 M.761.&0 

It  Will  be  noted  that  there  was  no  crib,  crib  filling  or  riprap  pro- 
tection for  the  abutmenta  It  would  not  be  excesjve  to  add  400  cu. 
yda  of  riprap  and  rock  In  cribs,  at  |1.E0  per  ciL  yd.,  and  24.000  (L 

•Englnrering-Conlractlna,  July  3.  1807. 


BRIDGES. 


1533 


B.  M.   (or  2,000  Un.  ft)  ol  hewed  tlmlMr  for  two  crlba  to  protect 

the  abutmenlB.  A  common  contract  price  In  the  West  Is  15  CU,  per 
lln.   ft  of  crib  timber  In  place. 

The  full  cost  of  the  timber  for  the  falsework  In  this  bridse  Is 
charged  SBBinst  the  bridge,  but,  alnce  mast  of  It  possesaee  a  sal- 
vage value,  not  to  exceed  half  the  coet  of  the  tlmtier  (half  ot 
13(0)    should  be  BO  charged. 

It  will  be  noted  that  the  contract  price  of  framing  and  erecting 
the  bridge  was  t9G0,  which  Is  equivalent  to  about  tH  per  M.  ft. 
B.  M.  In  the  bridge,  exclusive  of  the  talMWOrk.  The  falsework 
coat  (TlS,  which,  If  added  to  the  1975,  gives  b  coat  of  tl,893,  or  (18 
per  Iln.  ft.  of  bridge. 

The  plies  for  the  falsework  were  driven  In  bents  about  11  ft. 
apart,  two  piles  to  the  bent.  While  ihls  Is  a  suffldent  support  fcr 
the  dead  load  of  a  Hone  truss  bridge.  It  Is  e\'ldetitly  Insufflclent 
to  support  any  tralnload  during  construction.  In  rebuilding  an  old 
bridge,  without  Interruption  to  traffic.  It  Is  evident  that  the  (alae- 
work  would  be  much  more  expensive  than  In  this  coae,  which  Is 
typical  of  new  construction  rather  than  of  rpconst ruction. 

The  following  costs  relate  to  a  Howe  truss  bridge  120  ft  long, 
and  the  remarks  concerning  the  I30-fL  bridge  apply  also  to  this 

FalteteoTk — 


qno  Iba 

Total  at  (6.23  per  Iln.  ft.   bridge I    : 

i>IIe  Abutment  a— 

Same  as  for  previous  bridge t    493.5i 

Hoioe  Truss  Bridge — 


flJ.OOO  ft.  :  . 

2S.4DO  lbs.  wrought   Iron  at  2.G  cts...... 

85.400  lbs.  cast  iron  at  2  eta. , 

120  Iln.  ft   framed  and  erected,  (T.&l 


File  abutment,   materials 21 

Pile  abutment   labor 2: 

Ibiwe  tniM  bridge,  materials 2,11 


Grand  total,  at  t3«.20  per  Un.  ft |4,I' 

>  protection  cribs,  rock  flitlng.  < 


l.SO 


As  previously  stated,  i 
are  Included  In  the  cest 

Cost  ot  Constructing  Six  CHb  Pleri,  Three  Howe  Truss  t>j>Mns  snd 
0n9  Steel  Draw  Span.* — Crib  piprs  for  railway  and  highway  bridges 
posaesB  the  great   merit  of  making  It  unnecessary  to  build  coffer 

•Bnglnterlng-ContraoHng,  July    24,   1907. 
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dams,  and.  on  Oils  account,  hava  always  been  popular  with  West- 
ern engineers.  IJurlng  racont  year^  however,  coocrele  plera,  built 
within  coffer  dama,  have  become  more  common  than  crib  plera 
NevertheiesH.  there  are  many  places  where  the  crib  pier  Is  atUI  the 
most  economic  pier  that  can  be  deslBnei 

The  bridge  to  be  described  In  this  article  consists  of  three  Howe 
truss  spans  of  I50-fL  each,  and  a  steel  draw  span  almost  300-tL 
long.  It  croBses  a  Washington  river  near  Its  mouth,  where  the 
tidal  currents  cause  a  dally  rise  and  fall  of  several  feet  The 
river  Is  19  ft.  deep  at  extreme  low  tide,  and  the  top  of  the  plera 
Is  10-tL  above  the  river  bed. 

With  the  exception  of  the  pivot  pter,  which  will  be  described  sep- 
arately, the  piers  were  crib  piers  resting  on  plies.  A  description 
of  the  construction  of  one  of  these  Hve  piers  will  serve  for  the  rest. 
Crib  Pfer. — Elach  pier  IB  sui)ported  by  GS  piles  driven  S  fL  c.  to  C 
to  a  depth  of  SO  ft.  Piles  SQ  ft.  long  were  necessary,  due  to  the 
dopth  of  the  water  at  high  tide,  and  were  sawed  off  7  ft-  above  the 
bottom  of  the  river,  or  12  ft.  below  extreme  low  water.  Th« 
driving  was  ver>'  hard,  the  bottom  being  of  sand  In  which  the 
average  penetration  of  the  pile  was  only  2  ins.  under  the  blow  of 
a  S.SOO-tb.  hammer  falling  freely  20  ft  For  sawing  oft  the  files, 
a  circular  saw  on  a  40  fL  vertical  shaft  was  used.  The  shaft  was 
rotated  by  an  engine  mounted  on  a,  carriage  movable  In  any  dli«c- 
tlon  on  two  tracks  al  right  angles  to  each  other,  one  tradi  belag 
above  the  other. 

'niille  the  piles  were  being  driven  for  a  pier,  the  crib  was  con- 
structed. Each  crib  consisted  of  a  bottom,  or  floor,  made  of  three 
solid  courses  of  12xl2-ln.  timbers  drift-bolted  together,  and  on  top 
of  this  bottom  was  built  the  crib  proper.  The  botti»n  was  built 
on  shore  and  then  launched.  Then  the  crib  was  built  of  12  x  IZ'a 
log-house  fushion.  on  top  of  the  "bottom"  until  It  reached  a  height 
of  13  ft.  The  crib  was  then  lloatBd  over  the  rest  of  foundation 
piles,  and  arrangements  made  to  lower  It  upon  the  plies.  To  Insure 
a  steady  and  even  lowering  of  the  crib,  without  risk  of  capslalng, 
U  was  necessary  to  lower  the  crtb  by  means  of  blocks  and  tackle 
fastened  to  two  bents  of  guide  plies,  one  bent  on  each  side  af 
the  crib.  Rock  was  dumped  Into  the  crib,  and  It  was  sunk  until  It 
rested  on  the  piles.  This  left  the  upper  course  of  timber  above  th« 
level  of  low  water,  and  In  readiness  to  continue  the  building  up  o' 
the  crib  to  the  desired  height.  The  cribs  were  designed  so  that 
the  load  of  the  bridge  came  directly  upon  the  rock  fllUnE  In  the 
crib,  the  Intention  being  to  build  masonry  upon  the  rock  fill  after 
the  crib  timbers  above  the  Water  level  have  rott«d  OQt 

In  this  connection  It  Is  Interesting  to  note  that  the  Crib  tlmbera 
were  compressed  nearly  1-lS  In.  per  ft.  of  height,  after  the  load 
came  upon  the  plera  Part  of  this  eompresdon  was  doubtless  due  to 
shrinkage  of  the  timber  upon  drying. 

We  would  offer  a  suggestion  as  to  a  posslbls  Improvsmsat  tn  thia 

form  of  crib  pier  construction.     Let  the  foundation  piles  and  tha 

"rib  be  butlt.  In  the  manner  above  described,  up  to  the  low  Wftt«r 

■1.     But  from  that  level  to  the  top  of  the  plar,  anbsUtute  nin- 
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forced  concrete  "timbars"  In  place  ot  wood.  Tl 
bera"  could  bo  cikst  on  shore,  und  made  no  as  to  Interlock,  forminK 
a  solid  and  durable  outside  wall.  IiOose  rock  niKnK  and  gravel 
could  then  be  deposited  Inside  tills  wnll.  thus  giving  the  neccasary 
stability  to  withstand  the  Impact  of  Ice  and  drift  A  pier  of  thia 
sort  would  he  far  cheapar  than  a  solid  masonry  pier,  but  would 
possess  sutDclent  stability  and  a  durability  equal  to  that  of  solid 
masonry.  In  pier  building.  It  should  be  rememtierod.  the  engineer 
seeks  to  secure  a  muss  that  will  resist  Impacts  rather  than  a  mono- 
lith of  great  strensth. 

Returning  now  to  the  methods  used  In  this  crib  pier  construc- 
tion, one  feature  1b  worthy  of  particular  note.  A  crib  having  a 
height  two  or  three  times  greater  than  its  width  Ib  very  "cranky" 
when  flonting  in  the  waler.  It  tends  to  turn  over,  and  this 
tendency  Is  made  serious  where  the  tides  are  rising  and  falling.     It 

night,     tightening     or    loosening    the    guy-lines    with    the    changes 

Before  placing  the  crib  pier  over  the  piles,  riprap  was  deposited 
between  them,  and  leveled  off  by  a  diver.  After  the  crib  pier  was 
in  place,  riprap  was  piled  all  around  the  pier  to  a  depth  a(  6  ft. 

The  Pivot  Pfer.— This  pier  differed  from  the  piers  lust  described 
In  that  It  was  n  stone  masonry  pier  resting  on  a  timber  grillage  on 
lop  of  pilea  There  were  121  piles,  driven  3  ft.  c,  to  c.  forming 
a  squarf  ,13  ft.  on  a  side.  The  piles  were  sawed  off  only  IS  ins. 
above  the  river  bottom. 

Sawing  them  ofT  so  close  to  the  boltom  was  a  mistake,  for  It  en- 
tailed a  great  deal  of  trouble  In  placing  the  grillage  upon  the 
piles.  This  was  due  to  the  fact  that  dirt  lodged  upon  the  tops  of 
the  piles  after  they  were  aowod  olT,  making  It  necessary  for  a 
diver  to  clean  the  piles  ott.  The  driving  of  the  piles  3  ft.  c.  to  c, 
caused  the  bottom  to  rise  6  to  12  Ins.  Then  the  eddies  formed 
by  the  projecting  pile  heads  and  by  the  draw  protection  caused 
the  floating  sediment  In  the  river  to  deposit  around  and  on  fop 
of  the  piles.  To  add  to  the  difficulty,  the  contractor  had  unfor- 
tunately deposited  some  of  the  riprap  Immediately  after  driving  the 
piles,  and  many  of  the  stones  had  lodged  on  top  of  the  piles. 

In  this  connection  we  recall  a  similar  experience  arising  from 
the  deposition  of  sand  around  the  piles  while  they  were  being  sawed 
off.  dulling  the  teeth  of  the  saw  and  adding  greatly  to  the  en- 
pense  of  cutting  off  the  piles.  The  eddy  caused  by  the  piles  of 
the  draw  protection  was  largely  accountable  for  the  trouble. 
Finally  a  V-shaped  wing  dam  of  boards  was  built  In  the  draw 
protection  immediately  above  the  site  of  the  pier,  and  It  served 
to  divert  the  stream  of  sand  and  gravel  that  Is  constantly  rolling 
along  the  bottom   of  a  swiftly  flowing  river. 

The  lesson  learned  by  such  esperlences  is  simple:  Do  not  cut 
Off  piles  less  than  Z  ft  above  the  bottom  of  a  river,  unless  there  Is 
some  excellent  reason  for  so  doing. 
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The  Krlllase  built  (or  thla  pivot  pier  was  32  ft  aquore  and 
15  ft  tilgb.  mode  of  12  i  IZ-ln.  timbers  laid  solid  and  drlft-bolIed 
tOBMher.  except  In  the  three  upper  courses  where  Che  timbers  were 
laJd  i  ft.  apart,  and  the  space  tilled  with  concrete. 

At  the  bottom  of  the  KTlllage,  two  timbers  in  etuA  course  pre- 
lected beyond  the  others,  so  tbat  euy  lines  could  be  fastened  to 
them,  by  which  the  pier  was  kept  balanced  during  conatnictloa 
While  floating  on  the  rising  and  (ailing  tides.  The  guy  lines  were 
fastened  to  two  pile  bents,  one  on  each  aide  of  the  pier,  which.  lo- 
gether  with  the  pile  bents  of  the  draw  protection,  formed  a  square 
enclostire  tn  which  the  pier  was  guldad  to  the  bottom. 

Of  course  the  grlllaee  sanlc  under  the  weight  of  Che  mssonry 
mblch  was  built  on  top  of  It.  This  masonry  wu  laid  inside  on 
"oi>«i  caisson"  built  on  top  of  the  grIUage.  the  "CKlaaon"  being 
octagonal  In  shape,  made  of  3-ln.  plank,  and  16  ft  high.  The 
plank  was  beveled  on  the  outer  edges  to  provide  caulking  •earns. 
Two  small  gates  were  provided  In  the  "caisson."  so  that,  when  the 
pier  had  set  properly  on  the  piles  at  low  tide,  water  could  be  let 
Into  the  "caisson"  and  left  there  until  the  pier  was  finished.  Then 
the  gales  were  again  closed,  the  water  pumped  out.  and  the 
masonry  was  painted. 

Coal  of  tXe  pjera.^The  labor  cost  records  were  not  kept  In  as 
great  detail  as  one  might  wish,  yet  they  possess  considerable  value. 
The  quantities  of  motsrlals  and  contract  pricey  however,  will  serv* 
as  an  excellent  guide,  and  are  as  follows; 


3.1=0  lln.  ft  pile 
3.U0  lln.  ft.  pll 

Uaw  ft.  a  & 

54.000  ft.  B.  H.  f 

s   (52)    delivered  at. 

:•  HI 
;  !S:!! 

t    249.86 

delivered   al 

amed  and  placed. . . 

"t2S 

_.      U  lbs.    il  . 

g  guide  piles  delivered   al 1.00  21.00 

4.000  ft   B.  M.  falsework  at lE.OO  SO. 00 

lao  cu.   yds.   rock    (crib   fill) 3.00  380.0" 

SSO  cu,  yds.  riprap  at S.OO  l.oeo.on 

3  cu.   yds.   concrete  at 8.00  40.00 

Total     tJ.»»l.SO 

This  Is  equivalent  to  1100  per  Ibi.  ft  of  height  of  pier,  since  th* 
piers  were  40  ft  high  above  the  bed  of  the  river. 
Cott  of  Ftvot  Pier. 
7,260  lln.  ft  pUes  (131)  delivered  al.tO.Og 

7.200  lln.    ft   pile  driven  at O.BO 

162.800  tl.   B.  M.    delivered  at IG.OO 

162.800  ft  B.  M.  placed  at 8.00 


This  Is  equivalent  to  1300  per  lln.  ft.  of  bright  of  pier. 
The  contract  price  for  driving  the  piles.  30  eta  per  lln.  ft.,  wni 
'ilgh.  considering  the  length  of  the  pile,  for  It  amoanted  to  IIS  per 
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rlla.  But  the  arlvlnft  was  very  hard,  and  the  price  for  driving: 
Included  cutting:  oK  the  piles  below  water.  It  required  26  tlnya  to 
drive  the  IZI  pUeB  In  the  pivot  pier  and  10  (lays  more  to  cut  them 
off.  Had  a  water  Jet  been  uaed  the  driving  would  liave  coat  much 
lena.  The  average  rate  and  wases  paid  by  the  contractor  tor  the 
pile  driver  crew  was  ll.sa  par  day.  If  a  crtw  of  S  men.  a  pile 
driver  eoKlneman  and  a  foreman  were  re<iulred.  the  wiiees  and 
fuel  amounted  to  (25  a  day.  Hence  If  5  piles  were  driven  per  day 
the  cost  waa  tG  a  pile.  Since  12  pllea  were  siiwed  off  per  day  the  ■ 
coat  of  sawing  was  more  than  |2  per  pile.  No  detailed  records  of 
the  actual  coat  to  the  contractor  ara  available  furtlier  than  tlmt  It 
required  3,800  daye'  labor  at  IZ.EO,  or  |0,SDO.  to  drive  the  piles, 
frame  and  plnco  the  timber,  place  the  crib,  nil  the  riprap  for  nil 
the  piers  and  lay  the  masonry.  The  atone  for  the  masonry  was  de- 
Mvered  cut  ready  to  lay.  The  rlprnp  waa  delivered  on  scowa  and 
menaured  on  the  scowa  before  placing. 

The  Howe  Trm»  Spaaa. — Throe  Howe  truss  spana,  each  IBO  ft. 
Ions,  and  one  steal  draw  span,   293  ft.  long,  were  built  aa  follows: 

These  Howe  truaa  bridges  were  erected  on  a  pile  falsework,  eucb 
span  having  all  benta  of  three  GD-tt.  pllea  to  a  bent  The  out- 
side piles  of  each  bent  were  drawn  In  4  ft  nt  the  top  and  well 
braced  to  withstand  the  action  of  the  deep  awitt  river. 

To  protect  the  falsework  against  drift  wood  a  temporary  log 
boom  was  placed  on  the  upstream  side  of  the  bridge  during 
erecting. 

After  the  bridge  was  erected,  the  falsework  piles  were  broken  off 
at  the  bottom  of  tlie  river. 

The  railway  company  furniahed  all  tlie  material  for  the  false- 
work, oa  well  &e  for  the  bridge.  Tlio  contract  prli'e  of  J9  per  lln. 
ft  of  bridge  covered  the  labor  coat  of  erecting  and  removing  tlio 
falsework,  as  well  as  framing  and  erecting  the  bridge.  The  cost  Of 
each  of  the  IGO-ft  Howe  truss  bridge  spans  was  as  followa: 

8fi,eo0  ft   B.  M,  In  bridRe  at  IIS t1,S29.00 

4r;,B00  Iba    wrought    iron    at    l.B    els. 1.B7S.00 

38.800  Iba.  cast  Irou  at  2.G  cts. .-.       970.00 

l.DSO  lln,  ft.  plIsB  CIS)  In  falsework  at  8  cts....        se.40 

4.000  ft  B.  U.  in  falsework  at  (IG 60.00 

Erecting    lEO    ft    at    fS 1,350,00 

Total .tS.i91.1D 

This  la  equivalent  to  (36  per  lln.  fL  of  bridge,  excluatve  of  the 
piers  and  abutments. 

There  was  no  profit  to  the  contractor  at  the  |9  per  lln.  ft  for 
erection,  for  it  required  400  roan-days  per  span.  The  average 
wages  paid  were  }3.;sa  per  day.  Hence  the  labor  cost  (1.320  to 
erect  the  falsework  and  the  Howe  truss  span.  Tn  our  Issues  of 
June  26  and  July  3  we  have  given  In  detail  the  labor  cost  of  erect- 
ing similar  bridges  where  the  cost  of  erection  waa  considerably  leas 
than  in  this  Instance.     (See  pages  1EZS  and  1S32.) 

The  Steel  Draw  Span. — The  span  was  293  ft.  'long,  and  weighed 
206  tons.  The  steel  was  unloaded  from  cars  Into  a  material  yard 
and  conveyed  on  scows  to  the  "draw  protection."  where  It  was 
erected  by  means  of  a  traveler. 
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The  draw  protecttoD  was  butit  Id  the  u 
of  pUa  bents  ID  tt.  apart,  three  pllea  to  the  bent,  each  pile  btinE 
70  ft.  loDg.  A  log  boom  waa  buUt  entjreir  around  the  dtair 
protecUon,  the  opposite  sides  of  the  boom  being  held  tosetho'  by 
croBS  loKS  between  the  2d  and  ad  bents  and  between  the  Gtb  anil 
7th  bants.  The  boom  was  made  of  sticks  6D  ft.  Ions,  held  together 
with  K-ln.  chains  and  shackles; 

The  cost  of  the  draw  protection  waa  as  foltows: 

S.ISO  lln.  ft.plles    (71)    at   S  cts T  414.41) 

40.900  ft-   B.    M.    timber  at   116 61S.B0 

2, BOO  Iba    Iron   al    3    eta 7B.00 

flSO  lire.  ft.  of  boom  stii^ks  at  S   cts ei.40 

3.300  ft.    B.   M.   timber   wasted   and   in   staglSK 

at     US 68.50 

I>rlrtng  74  pIIpb  at   18.00 444.00 

Framing  and  placing  40.»00  ft.  B.  M.  at  |8 3S7.20 

Total    tl.98S.O0 

After  the  erection  of  the  draw  protection  and  the  traveler  and 
falsework.  It  requir«l  38  days  to  erect  the  steel  draw  span. 

In  order  to  make  sure  that  the  panel  sections  of  the  top  and 
bottom  chords  would  come  together  before  riveting,  both  ends  of  the 
draw  bridge  were  Jacked  up  after  being  erected  and  while  tem- 
porarily held  together  with  bolts.  This  brought  all  the  Joints  of 
the  lop  chord  together,  and,  after  riveting  the  entire  top  chord,  the 
false  work  waa  knocked  out.  and  In  a  suspended  position  the  bot- 
tom chord  was  forced  together  and  riveted.  However,  when  the 
bridge  was  swung,  It  was  found  that  the  dead  load  was  sufflclent 
to  riiuse  the  ends  of  the  draw  to  sag  tb  such  an  extent  that  they 
wore  Hi  Ins.  below  the  proper  level.  This  made  it  necessary  to 
lower  the  pedestals  on  the  rest  piers  a  corresponding  amount. 

The  cost  of  the  draw  span  was  as  follows: 

ESO.noO  lbs.  steel  at  4.S  cts tSl,S02.90 

L'l.lOO  fU  B.  M.  Uesand  guide  rail  (IE SIC.SO 

Paint T S80.00 

Laying  timber  deck.  100  days,  at  tS.SO S30.00 

Erecting  bridge.  Including  materials  and  labor  on 

falsework   ( by  contract) l.TGO.OO 

Total   tZG.G79.40 

This  Is  equivalent  1o  |87  per  lln.  ft.  of  bridge,  not  Including 
the  cost  of  the  piers  and  the  draw  protection. 

The  timber  deck  was  laid  as  an  "eitrB  worit  Job"  by  force  ac- 
count, and  [III'  labor  cost  at  least  twice  what  It  should  have  cost, 
as  can  be  scon  liy  reference  to  costs  of  similar  work  In  our  issues 
of  April  IT,  May  3,  ond  Miiy  29.      (See  pages  IBOl  and  1506.) 

The  contractor  received  only  fl.TSO  for  erecting  this  SdS-lon 
bridge,  or  16. SO  per  ton.  It  actually  coat  him  nearly  IB.li  per 
ton  for  lubor  ninne.  for  It  took  800  man-days  al  |2.7D,  or  S!,ieO. 
to  €!re<>t  the  tnneler,  the  falsework,  and  the  bridge.  It  took  80 
man-days  to  paint  the  bridge,  at  »S.30  per  day.  or  IIOS,  which  Is 
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equlvnlont  to  73  eta.  per  ton.  mnklng  a  totnl  ot  *8.90  per  ton  (or 
the  labor  of  erectlnfe  and  painting. 

No  record  of  tlie  rnst  of  falaawork  for  this  draw  Bpnn  [a  avail- 
able, but  It  w:is  a  comparatively  small  Item,  for  no  lower  fals^ 
worR  Is  necessary  where  a  draw  bridge  Is  erected  on  the  draw 
protection. 

Coat  of  the  Fraier  River  Brldqe. — The  Prazer  Rtver  bridge  at 
New  WestmlnsWr,  B,  C,  was  built  In  1902.  It  la  a  double  deck 
bi'MKc-  the  upper  deck  for  wagon  tralllc  and  the  lower  declt  for 
ate.-im  and  eloctrlc  traffic.  The  spans  are  as  follows:  One  2ZE  ft, 
ont>  3S0  ft.,  and  one  swing  span  380  ft.,  five  spans  IG»  ft  each. 
makInK  a  total  of  1,7K0  ft.  On  the  north  end  there  are  three  ap- 
proaches, two  tor  railway  tracks  and  one  for  highway,  the  length 
of  approach  averaging  about  3D0  ft.  The  clear  roadway  Is  16  ft. 
wide,  making  the  trusses  18  to  13  ft  c  to  c.  The  weight  of  steel 
is  6,S51.00D  lbs.,  and  there  are  765,000  ft  B.  M.,  and  lE.OOO  lln.  ft 
piles  In  approaches.  The  contract  price  for  substructure  and  super- 
structure was  r^O.OOO. 

Estimates  of  the  Cost  of  Comblnitlon  and  AII-8tael  Highway 
BrldB«  of  190-ft.  Span.— Mr.  H.  G.  Tyrrell  Klves  the  following: 

The  bridge  In  quesllon  was  a  single  span  structure  designed  for 
the  Pacific  Coast.  The  trusses  were  to  be  pin-connected  with  10 
panels  ot  19  ft,  each,  and  [ncllned  lop  chord.  The  principal  dimen- 
sions and  specified  loads  were  as  follows: 

Span.  ISO  ft.  c.   lo  c. 

Roadway,  ii  ti. 

Two  walks,  each  B  ft.  wide. 

Total  width  of  bridge,  41  ft 

Depth  of  trusses,  2T  fL  to  33  ft 

Floor.  4-ln.  wood  block  paving  on  3-ln.  plank,  laid  on  wood  Joints. 

Uniform  live  load  on  lloor,  100  lbs.  per  sq.  ft. 

Concentrated  load  on  floor.  IB-ton  roller  or  two  electric  cars  on 
each  track. 

Live  load,  per  lln.  ft  o(  bridge,  3,300  lbs. 

Dead  load,  per  lln.  ft  of  bridge.  2,3<5  Iba. 

For  the  "combination"  design,  hard  pine  was  used  for  top  chords, 
web  posts,  portals.  lateral  struts,  floor  beams  and  jolsta  The 
rMnalnIng  parts  ware  of  steel. 

Th«  estimated  quantities  for  this  case  were : 

Eye-bars    45,1  SO  iba. 

Cast-Lron  joint  blocks ri,,20      ■ 

Lateral    rods B,810 

Machined  work 6,940    " 

Shoe  plates. 6-100     ■ 

Loops 3.1S0    ;; 

Hangers   1.2*0 

Total     gS.2B0  Iba     Cost  t   3, ISO 
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K  sssssr  rr~.;'.;|a  ^:  =■:;"• 

Floor    beaina!l'!l*^ll*X 

...22.240    ■■        " 
...11.800    " 

'*sr.f3'SSfSs,r^.T.*!^.'.';, 

U.     CoBt  t  2,400 


,Cc«t  $  T.fiSO 

Fbr  the  aJI-ateel  design  the  quantities  were: 

Steel,  180,000  lbs. ...Coat  t  7,S«0 

Floor  plank,  19.74  M  ;  wood  lolst,  22.24  M "  1,4S6 

Fence.   400  lin.  « "  JOO 

Paving.  504  »i.  yds. "  750 

Erection    ■*  1,10» 

1.43 

....Coat  fie.94G 


The  above  estimates  are  tar  the  entire  superatnicture  In  aach 
cooe.  It  we  compare  now  tbe  coat  of  the  auballtuted  parta  only,  we 
have  In  tbe  combination  dealcn.  the  top  chordi^  web  poata;  portala. 
lateral  atmls  and  Qoor  baama  contain : 

■■»»'=: 


531 

Total    Jl.Sii 

For  the  aU-ateel  dealgn  the  aame  porta  contain : 

Ste^,  118,200  Iba.,  at  4  cU fl.TIO 

SummsrlilnK.  ws  haT«: 

Combination   bridge Cost  f  T.680 

8tool    bridge "        10,94B 

Combination    chorda,    etc "         t.Sl  1 

Steel  chorda,  etc "        4,710 

Hance.  we  aay  roughly  that  the  combination  bridge  coat  onfr- 
thlrd  leaa  than  the  ateel  one.  Alao  that  the  compBraUve  coat  of 
wood    (Including   neceaaary   cajtt-lron    blocka).    and   ateel   for   too 

chorda,   web  posts,   portals,   lateral  atruta  and  floor  bcemat   la  as 
1  to  3. 

Coat  of  a  300-tt.  Highway  Drawbrtdga — A  highway  drawbridge 
ocroaa  the  Harlem  River.  3d  Ave.,  New  York  city,  waa  begun  In 
1S93  and  flnlahed  In  1B9E.  The  apan  la  300  ft.  long;  the  width  la 
87^4  TL  over  alL  There  are  four  lattice  truaaea.  The  three  car- 
riage ways  are  each  20  tL  wide,  and  the  two  aidewalki  are  each 
9  ft.  wide  carried  on  cantilever  bracheta.  The  floor  la  of  buckle 
iJates  covered  with  concrete  and  oaphalt  pavement.  The  bridge 
weighs  2.600  tona,  and  la  carried  on  a  SO-tt.  turntable.  The  time 
required  for  a  full  opening  la  2  mlna.  and  2  mina  more  for  cloafnK 
and  locking.  A  6D-hp.  engine  doea  the  work,  but  a  duplicate  power 
'ant  Is  provided. 
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Th8  contract  price  was  H.lll.OOO  for  the  bridge  complete,  which 
la  t4T  par  an.  ft,  of  roadway  and  stdewalke.  This  Is  a  very  high 
coat     The  total  cost,  Includlns  lands,  was  more  than  fS,O00.000, 

Tlie  fotlowing  are  some  of  the  Important  niiaBtltleg  and  bidding 

Unit  prieea. 
lOT-GOO  ft  B.  H.  yellow  pins  In  temporarr  bridg*.  .|10.00 


!00.00 

■  -'0  cu.   vd_.   „ 

B  niiim 

Portland  cement  com 

Natural 

Granite  Ashlar  fttclng  bolow 

Granite  Ashlar  facing  above 


1.  yd... 
-  yd... 


yd. 14.01 

„ ._,.    ....  yd ao.oi 

Qranlte  caps.  cu.  ft b.ki 

<3ran<te  coping,   cu.    ft, 

Granite  coliunna,  capltols  and  bases 2.6( 

Oranlle  dimension,  In  rough  bases O.Gt 

Bougti  pointing,  sq.  ft. 0.41 

Pine   pointing,   sq.   ft 

"  ■  ig.   sq.   ft 


Six-cut 

Bight-ci 

382.000  lbs.  rolled  steel  and  Iron  In  t 
],<»2,00O  lbs,  rolled  steel  and  Iron  In  draw  s 
1.3St,000  lbs.  rolled  steel  and  Iron  in  deck  s. 

4.200  lbs.  corrugated  plates,  deck  spans O.Ol 

357.000  lbs.  buckle  pistes,  draw  spans O.OS 

282,000  Iba   steel  plate  girders O.OI 

420,000   lbs.   steel   rolled   beams on; 

IIT.SOO  Iba  castings  In  wheels 

126,000  Iba  castings  hub  and  bed  plates. 

2,000  lbs.  other  Iron   castings O.irza 

3E.000  lbs.  Steel  plates  or  angles O.OSB 


Cast  of  a  8t*sl  Arch  Brldn*.— The  Cambridge  Bridge  across  the 
ChariM  River  (Boston)  was  built  in  1901.  It  Is  a  highway  brld^. 
1,768  ft.  long,  consisting  of  11  spans  of  steel  arches  (of  12  ribs 
each),  having  spans  varying  from  101  to  ISS  ft.  The  height  at  the 
center  Is  48  ft.  above  low  water.  The  bridge  Is  106  fL  wide  be- 
tween railings.  From  the  bottom  of  the  piles  to  the  surface  of  the 
roadway  Is  100  ft  The  construction  Involved  80,000  cu.  yds. 
dredging,  85,000  cu.  yds.  concrete.  20.000  cu.  yda  granite,  2E,000 
piles  and  ie,000.000  Iba  Kteel.  The  estimated  cost  Is  |I,GS0,O0S,  or 
11,400  per  lln.  ft.  or  |14  per  sq.  ft 

Cost  of  Red  Rock  Cantilever  Brldae.—Mr.  8.  U.  Rowe  gives  the 
following  data  relative  to  this  bridge,  which  was  built  in  1S89 
Bcroas  the  Colorado  River  In  Arizona  for  the  Atlantic  and  Pacific 
B.  R.  Co.  (See  p.  1616  tor  the  cost  of  (he  caisson.) 

The  bridge  was  designed  for  a  live  load  of  two  engines,  each 
weighing  188.000  Iba  (Including  74,O0O-Ib.  tender),  concentrating 
48  tons  on  a  wheel  base  of  11  ft  B  Ina,  followed  by  a  train  of 
3,000  Iba  per  fL 

The  length  of  the  cantilever  bridge  la  9S0  ft, :  the  span  between 
the  piers  being  660  ft,  and  each  anchor  arm  being  165  ft 
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The  following  1b  tlie  weisht  of  metal  In  the  1 
jHlva  o(  floor  beamH, 


Two  onphor  anna 

::  ^JOfS 

Temporary  memberH   (wadgaa.  reinforced  bars)  . .      T6.040 

T  tal 

About  70%  of  this  whh  ateel  and  30% 

Iron. 

s  loltows: 

Iron   and   ateel  erected    (Including 

freight) . . . 

•"SI!:  1 

ToolB  and   materials 

.    ,Si 

The  coat  at  tha  substructure  was  aa 

ollowa: 

CalBwin  (see  page  1«17  tor  detaUa) 

"{8:ISi;il 

.l2J2.27g.94 

This  Is  equivalent  to  1463  per  tin.  fL 

The  "preparatory"  work  conalated  of 

he  following  Items: 

Total     1S3.718.I0 

The  cost  of  this  bridge  was  unuBuallr  high. 

Estimated  Cost  ot  a  Cantilever  Bridge  and  of  a  Suapenalon  Brldo* 
Across  the  St.  Lawrence.—In  1836  the  Montreal  Bridge  Compaiiy 
received  compeltllvc  plans  and  estimates  for  a  proposed  bridge 
across  the  St.  Lriiwrence  River  at  Montreal.  The  bridge  was  specl- 
ned  to  be  one  channel  span  ot  1,2B0  (t,  two  aide  spans  of  BOO  ft. 
each.  15  steel  viaduct  siians  on  south  approach  of  2S0  ft-  each.  IK 
viaduct  spans  on  north  approach  of  SO  to  210  ft.  each,  the  dear 
headway  In  (he  channel  span  to  be  150  ft  The  bridge  Wa»  to  be 
for  a  double  track  steam  railway,  two  street  railway  tracka.  a  car- 
riagi-way  and  two  sfdewallca  The  piers  of  the  cantilever  ware  to  be 
of  masonry. 

The  prize  plan  was  submitted  by  Edward  8.  Shaw  of  Boston. 
"e   IncreasBd   the  side  Bpana  to   BOO   ft.      The  bridge  was  dealgued 
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to  be  £0  rt.  wide,  wllh  -four  tniBseB,  The  atons  Bub-pkrs  are  each 
30  X  110  ft.  In  plan  on  top.  60  ft.  above  low  water,  surmounted  by 
eteel  piers  230  ft.  high.  The  mfiidle  roadway  Is  !6  ft.  wide  and  IB 
(or  the  double  track  ra.ilway ;  the  two  side  roadways  are  each  21(4 
ft.  wide ;  flanked  by  6-ft.  sldewalkB  on  brackets.  The  estimated 
wslsht  of  structural  steel  waa; 

L.bs. 

Main   cantilever   and   central   Bi>an 3<>. 160.000 

South   viaduct    approach 26.310.000 

North   viaduct  approach 8,200.000 

Total    74.000.000 

Estimated  cost  of  superstructure 13,514,000 

This  is  about  A%  ets.  per  lb.  It  would  nppenr  from  one  of  the 
esdmatea  made  by  another  competitor  that  custom's  duty  ol  1  cL 
per  lb.  of  steel  ready  tor  erection  would  be  required. 

A  suspension  bridge  design  was  aubmttted  bv  Mr.  C.  C.  Went- 
worth,  M.  Am.  Soc.  C  E.  It  was  to  be  a  stiffened  suspension  bridge 
of  1,300  ft.  span,  with  two  600  ft.  side  spans  supported  from  the 
cables,  giving  a  total  length  of  2,300  ft.  There  were  to  be  4  cables, 
each  of  1714  '"»■  diameter.  The  two  stiffening  trusses  were  to  be 
B2  fL  apart  on  the  clear,  leaving  the  roadway  for  the  railway  and 
electric  lines.  The  carriageways  and  sidewalks  were  to  be  on 
brackets  outside   the  trussea 

The  estimated  cost  was  as  follows: 

11.000,000  lbs  riveted  steel  center  span,  at  1.25  eta t   461.500 

SO.OOO.OOO  lbs.  steel  In  towers,  side  spans  and  anchorage, 

at    3«     ctB 700,000 

30.000.000  lbs.  steeT  In  viaduct  spans  and  cowers,  at  3  cts      SOD, 000 

S.000,000  lbs.   wire  In  cables  .at  6  eta 4S0.000 

Copper  covering  on   cables 30.000 

Timber    floors   and    ties 81.000 

600  tons  Bteel  rails 18.000 

Hand     railing S.I.OOO 

80,000   cu,  yds.  anchorage  masonry 360,000 

Total  for  superstructure  and  anchorage 13,051,500 

It  will  be  noted  that  if  the  same  unit  prices  for  steel  had  been 
assumed  In  both  styles  of  bridge,  the  cost  would  have  been  more 
nearly  equal,  although  about  7  per  cent  less  for  the  suspension 
bridge. 

Cost  of  the  Brooklyn  Suspension  Brldgs.^The  Brooklj-n  Bridge 
across  East  River,  New  York  City,  was  begun  In  1870  and  tlnlshed 
In  1S83.  Work  was  suspended  at  times  due  to  lack  of  funds,  ao 
that  the  actual  building  required  only  10  of  the  13  yeara 

The  roadway  Is  86  ft  wide,  divided  Into  live  sei-tlonB,  two  Outside 
for  vehicles  and  trolley  cars,  two  Inner  for  electric  trains,  and  the 
middle  one  (12  ft.)  for  pedestriana  Height  of  bridge  above  high 
water  In  center.  136  ft. ;  height  of  masonry  towers  above  high  water, 
272  ft.  The  Manhattan  tower  contains  16,945  eu.  yds.  of  masonry. 
The  Brooklyn  tower  contains  38,214  cu.  yda  The  depth  of  the  Man- 
hattan tower  foundation  below  high  water  Is  78  ft.  The  depth  of 
the  Brooklyn  tower  foundation  below  high  water  Is  45  ft.  Dl- 
menslonB  of  towers  at  high  water  Una,  69  x  110  ft. 
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The  con  of  the  bridge  end  aiiproechea  was  |1,0<O.O<M),  or  abont 
tl.&OO  per  Ho.  ft.,  or  a  little  DUire  than  flT  per  m.  ft.  Tbe  coat 
of  real  eatate  and  terminals  was  about  tS.000,000  addlttooaL 

Coinparatlve  data  aa  to  the  Brooklyn  and  WlIllamBburK  brldsea 
are  K^ven  below. 

The  weight  or  the  1.54G  ft.  of  main  qwn  at  Brocdtim  bridse  be- 
tween end  Buapendera  la  aa  followB: 

Um. 

Cables    1.2i*,DeD 

Suspended  niperetructure  ( Meel  work) G.SIO.OVO 

Timber   noorfng.    track,    etc 1,380,004 

Hauling,  electric  feeder,  cables  and  line  sleeves..      310,006 

Pneumatic    tubes SSZ.OOO 

Suspenders  and  connectlona 3S(,000 

Over-floor   stays    (vertical    loads) 380,000 

Total    fixed   load    on    main   wan 12,7C0,0M 

Cost  of  the  Williamsburg  Suspension  Bridge.— The  WtlllBmBbutx 
bridge,  ncrosa  East  River,  at  Delancy  St.,  New  York  City,  la  tbe 
longest  suspension  bridge  In  the  world,  and  Its  main  span  Is  ex- 
ceeded only  by  the  Forth  cantilever  bridge  In  Scotland.  It  was 
begun  In  1896  and  flnlBbed  In  1003.  The  roadiray  Is  double  deck. 
B  follows: 


a  footwalks,  each  1014  f 

"     ■- -----  -;l,    ?     f 


2  bicycle  paiha  each  7 — 

i  elevated  railway  tracks II  tL 

4  troUej-    tracks 40  ft 

5  roadways    40  ft. 

Equivalent  width   single-deck   bridge 13T  ft. 

The  width  of  the  main  spcui  Is  118  ft  over  all. 
The  comparative  dimensions  of  the  Williamsburg  bridge  and  the 
Brooklyn  bridge  are  given  In  Table  II. 

Table  II — Comparative  Dimensions  of  ^^UllamBburg  and  BrooUrn 
Bridges,  New  York  City. 

L.ength:                                                      Brooklyn.  WllllaJiusburv> 

Main  span  C.  to  C.  of  towert 1,S9S'  I'  1.60O'  0" 

Land    spans,     tower — anchorage 930'  0'  6»S'  C 

Brooklyn    approach 971'  0'  1,885'  0" 

Manhattan     approach     1,608'  0"  3.«0«-  I" 

Total  of  carriage  way  E,9S9'  0'  T,i(4'  I' 

Height: 

Clear,  above  M.  H.  W.  at  center 13B'  0"  140'  4^1" 

' -      ■]   side      ■          -  •*—  "" 


At:;,ve  M.  h"  W. 

to  center  of 

cable  at 

Above  M.  H.   W. 

to  roadway 

n  center 

Of    tower    above 

roadway... 

Grade  of  roadway  In  100  fL., 

Tt.'. '.'.'.'.' 
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Slie  o(  CaluoDS: 

Brooklyn     leSzlOi'  (2)      «J  x  79' 

Manhattan     1T2  x  102'  (2)      GO  x  TC 

Size  of  anchoragei : 

At  baae — Brooklyn 119  1 119'  177  k  IBS' 

At  baM — Manhattan 129x119'  1T3'  i'A' x 

At    top    117x10^'  H9'xI27'B- 

Diam^ter  of  cables 15%  is% 

Number  wire*  In  each  caUe G.29t  7,700 

LeoKth  of  wire  wtighlog:  1  "                              ""■  '-■     — 


i^elKht  of  one  cable  per  lin.  (t. . 
■otal  m' 


Total  mllea  of  wire  In  4  cables 14.361  17.4S! 

Voralne  at  mean  temperature 128'  178' 

Ultimate  str«nKth  each  cable,   long 12,200  24.S0O 

Permanent  weight  suspended : 

Prom  main  Bpnn  cables.   Ions fl.780  13,740 

From  shore  span  cable*,  tons 7,900  0 

The  main  towers  of  Wllllamsburs'Brldse  are  of  steel,  310  (t.  high 
from  top  of  masonry  to  center  of  cable  over  the  tower. 
The  <iuantltles  of  the  principal  toaterlals  were  as  follows ; 

LbB. 

i  towers 12,192,000 

S  and    epana 12,280,000 

1  main  suspended   span 1S,G41,000 

Cables  and  suspenders 10,000,000 

Brooklyn  viaduct  approach 12,170,000 

New  York  viaduct  approach 21.100,000 

In    anchorages S. 200.000 

Total      89,4B«.0n0 

Concrete,  cu.  yda 00,000 

Stone  masonry,  cu.  yds. 130,000 

BicBvatlon.  cu.  yda 126,000 

Timber,  ft.  B.  U. , 8,000,000 

^le  cost  of  the  bridge  was  111,000,000  (tttcluatva  of  land),  and 
some  of  the  Items  were  a»  follows : 

AnchorHgeB.  Brooklyn  side f    771.778 

Anchorages.    Manhattan   aide 797,770 

Tower    foundation,    Brooklyn 485,082 

Tower   foundation,  Manhattan 373,462 

Suspended     span. ,1,123,400 

Brooklyn   viaduct  approach 947,000 

New  York  viaduct  approach 1.404,000 

Cables     1,398,000 

Cost  of  Two  Pneumatic  Founditlons  far  the  WlllUmtburg  Bridga. 
— The  tollowtng  data  were  given  by  Mr.  Francis  L  Pniyn  In 
Bnsrlneerlno-Contractinp,  Adk.  S,  AuK-  1G,  and  Aug.  22,  1806: 

The  work  her«  dercribed  consisted  of  slnklnK  two  large  calMOna. 
la  X  79  ft.  In  sice  on  the  Brotdilyn  side  of  the  Wllllamsburs  BrMge 
to  bed  rock.  In  one  case  88  ft.  and  hi  the  other  110  ft.  below  mean 
high  water,  fllUng  seme  with  concrete  and  btiUdlnK  masonry  plera 
upon  this  foundation  Inside  of  coffer  dame  up  to  elevation  plus 
23  ft.  above  M.  Tt  W.  AH  work  was  done  br  contract  during  the 
years  1897  to  1899. 

The  caissons  wore  constructed  of  yellow  pine  timber  at  tlie  site 
of  the  work,   launched,  floated   Into  place  and   sunk  to  th«  river 
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bottom,   which  was  about  GE  ft  below  M.  H.  W.,  by  flUlag  than 


Compreased  air  was  then  turned  on.  and  t 
to  bed  rock.  Tha  matarlal  encounter&d,  conslatlnE  of  river  mud. 
sand,  clay  and  rock,  was  oxcavated  either  by  means  «(  Uoian 
patent  material  looks  or  by  wet  blow  out ;  Anally  tha  working 
chamber  was  flUed  with  concrete.  While  the  cal»BonB  were  b«Ins 
Hunk.  the  corfer  damn,  which  were  attached  to  Che  calsaons,  were 
added  In  order  to  keep  their  tops  above  water,  and  Inside  of  tbeae 
colter  dams  the  masonry  piers  were  bulIL  During  the  slnklDK 
process  the  masonry  was  built  only  En  sufflclent  quantity  to  f(lve  the 
weight  necesaary  tor  stnklnB  the  caissons.  After  the  caissons  were 
seaiod  and  the  air  taken  oti.  the  shafting  and  piping  were  removed. 
the  spaces  occupied  by  them  filled  with  concrete,  and  the  pier  car- 
ried up  to  Its  dnal  elevation.     The  cofTer  dams  were  then  removed. 

The  costs  recorded  were  kept  by  dally  engineer's  force  account. 
and  are  as  accurate  as  is  poBSible  by  that  method.  The  plant 
charges  were  obtained  by  a  careful  Inventory,  to  which  prevaJIInf; 
prices  were  afflxed.  Depreciation  was  charged  off  at  about  40  per 
cent,  which  is  perhaps  10  per  cent  too  low.  The  general  expense 
was  10  per  cent  of  the  total  cost  of  materials  and  labor  and  in- 
cluded bond,  interest  on  money  Invested,  office  and  dock  renlala 
superintendent  and  tleld  office  salaries,  watching,  etc  Ha  allow- 
ance was  made  for  maintenance  of  main  office. 

Cost  of  TtBo  Cai»iion*. — The  caissons  were  63x79  ft  In  slie ;  the 
south  one  was  S9  ft.  high  and  (he  north  E3  ft.  high.  They  were 
built  one  at  a  time,  directly  at  the  site  of  the  work ;  the  launcbhw 
ways  extending  back  from  the  bulkhead  line.  A  floating  pile 
driver  fitted  with  a  TO-rt.  boom  was  u»ed  to  build  them.  This 
Mrved  Its  purpose  well,  as  the  heel  of  the  boom  could  be  raited 
as  the  caissons  were  built  up.  When  the  caisson  walls  were  20  ft. 
high  the  caissons  were  launched  and  towed  to  slte^  where  they  were 
completed.  The  framing  and  building  was  done  under  the  direc- 
tion of  a  very  capable  foreman,  who  obtained  good  and  rapid  work 
from  his  carpenters.  All  framing  was  done  by  hand ;  a  steam 
auger  was  usod  where  practical  for  boring  t>olt  boles,  and  A  steem 
hammer  was  used  part  of  the  time  for  driving  drift  bolts.  The 
sides  and  roof  of  calHson  were  built  up  of  two  courses  of  11x1! 
timber,  the  outside  was  sheathed  with  two  courses  of  S-ln.  tongue 
and  groove  plank.  There  was  also  two  courses  of  3-ln.  plank  In  the 
roof.  Above  Che  caisson  roof  a  cribwork  of  13  x  12-ln.  timber* 
divided  the  space  Inside  the  walls  Into  pockets  C  ft.  square.  This 
cribwork  was  trussed  by  means  of  8-ln.  plank  spiked  on ;  it  sen-ed 
to  keep  the  weight  of  concrete  and  pier  masonry  ott  the  roof. 

The  working  chamber,  which  was  7  ft.  high,  was  divided  by  suit- 
able bulkheads.  In  order  to  secure  air  tightness  the  seam^  were 
calked  with  two  strands  of  oakum  well  forced  la.  The  chamber 
was  then  lined  with  3-In.  plank,  the  Joints  of  which,  as  well  as  the 
spikes  used  In  fastening  same,  were  also  treated  with  two  strands 
of  oakum  and  afterwards  painted  with  white  lead. 


Tha  labor  prices  pEild  per  10-hour  day  were  as  folloira: 
Foromnn     IB.OO 

Carpenter  ...  I!!  i !]  i !  ii! !!!!!!!  I !    aloo 

2. BO 

HlBBers    2.00 

Holat     Runn^ra 2.R0 

Steam    Filters 3. on 

Bliicksmllh  andHelpe"! '.'..'.'.'..'.'.'.     i.OO 

I^flborere   l.KO 

Calkers    3.35 

Tt  will  he  noted  that  Iheso  rates  are  from  SO  to  SO  per  cent 
lower  than  the  present  rates,  wlilch  are  now  based  on  an  8-hour 
day   for  munlcJra]    work. 

The  south  caisson  was  hullt  first,  and  the  dlfTerance  In  cost  be- 
tween It  and  the  north  caisson  was  brought  about  by  the  better 
organization  on  the  S"cond  caisson,  nnd  by  the  larger  quantity 
of  the  cheaper  kind  of  framing  In  the  cobwork  and  walls  above 
the  roof.     The  cost  of  material  and  labor  Is  given   In  Table  Iir. 

Figures  1  and  2  show  the  general  construction  of  the  caissons, 
method  of  framing,  etc.  (The  flgures  are  (riven  In  BtigineeHng- 
Contracling,  but  omitted  here  on  account  of  their  size.}  It  Is  of 
Interest  to  note  the  Increase  in  prices  of  yellow  pine  tlmt»er  and 
other  molerlnTs  that  had  taken  place  since  this  work  was  done. 

The  South  Caisson  was  begun  Aug.  13th,  launched  with  walls 
20  ft.  high  Oct.  Ifith  and  finished  to  S9  ft.  high  Nov,  ITth. 

The  North  Caisson  was  begun  Oct.  201h,  launched  Nov.  SOth  and 
finished,  to  63  ft    high   Feb.   8th.    1S98. 

Launching  Ways, — The  caisson  as  launched  20  ft,  high  weighed 
0B4  tons  and  drew  11  Hj  ft.  of  water.  The  ways,  four  In  number, 
wore  placed  one  under  each  outside  wall  and  one  under  each  bulk 
head.  They  consisted  of  two  12x12  timbers  bolted  side  by  tXAe. 
sliding  on  two  similar  limbers  fastened  to  the  caisson.  Three-Inch 
plank  were  bolted  to  the  outside  of  the  ways  to  serve  as  guides. 
They  were  sloped  1  ^  Ins.  to  the  fooU  and  extended  G  ft.  below 
M.  H.  W.  The  pressure  on  the  ways  was  256  lbs  per  sq.  In.  and 
they  were  lubricated  with  a  mixture  of  tallow  and  graphite. 

Cast  of  TtDO  Coffer  Dam*. — Coffer  dams  BO  ft.  high  were  attached 
Id  the  caissons  In  order  to  allow  sinking  to  proceed  independently 
of.  and  without  waiting  for,  the  construction  of  the  masonry,  and 
also  to  keep  the  pressure  on  the  cutting  edge  of  the  caisson  under 
perfect  control.  The  coffer  dams  were  attached  to  the  caissons 
by  removable  bolts,  and  built  up  In  three  sections  17  ft.  high.  The 
thickness  of  the  walls  diminished  friSm  12  Ina  on  the  bottom  sec- 
tion to  e  Ina  on  the  top  and  the  Interior  horliontal  bracing  pro- 
vided for  13  ft.  pockets  for  setting  the  masonry.  The  bracing  was 
trussed  with  3-ln.  plank  In  the  same  manner  as  the  caissons,  but  so 
arranged  that  It  could  tie  removed  as  the  pier  masonry  was  built  up. 

The  coffer  dams  were  built  at  night  to  avoid  Interference  with 
other  work.  The  cost  of  the  material  and  labor  Is  given  In 
Table  IV. 
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It  waa  found  afler  the  aouth  coffer  dsm  wag  built  tltat  tbc 
■wbUh  were  unneeeaHBrlly  heavy.  Thl»  waa  corrected  in  building  the 
north  coder  dam,  which  accounts  for  ita  increaaed  coat  per 
M.  It.  B.   M. 

FlKure  3  [not  reproduced  hare]  shows  the  general  desisn  and 
details  of  the  coffer  dam  conatructlon.  aa  well  as  method  of  tem- 
porary attachment   Co  calsBona 

Concrete  in  Catasons.- — After  each  caisson  was  built  it  was  towed 
to  its  proper  Bite,  wliere  it  was  held  in  place  by  temporary  pile 
dock  built  completely  around  it  On  Uieae  docks  the  concrete 
was  placed;  a  Z  cu.  yd.  cubical  mlier  of  the  usual  pattern  being 
used  tor  mIxinK.  The  concrete  materials,  consisting  of  sand,  stooe 
and  cement  were  handled  direct  from  barges  alongside.  Into  the 
mixer.  The  concrete  was  placed  by  a  derrick  located  in  the  center 
of  <he  caisson,  which  was  a  bad  feature  as  the  caisson  waa  usuaHjr 
nut  of  level  and  considerable  dlflicully  was  experienced  In  swing- 
ing the  derrlcic  On  the  south  caisson  %  cu.  yd.  bottom  dump 
liucketa  were  used  In  placing  the  concrete,  on  the  north  caisson  the 
size  of  these  was  increased  to  1  ^  cu.  yd.  which  reduced  the  cost  of 
placing  IS  cIs.  per  cu.  yd.  There  were  placed  in  the  south  caiasm 
3,827  cu.  yds.'  In  32  days  of  actual  working  timo— 120  cu.  yds.  per 
day  of  10  hra  The  gross  time  was  i  months.  On  the  north  cnlsson 
5. 693  cu.  yds;  were  placed  in  46  days  worked— 124  cu.  yds.  pCT 
dny.     The  gross  time  was  4  montha      See  Table  V. 

The  rates  of  labor   were 'as  follows  per   tO-hour  day: 


lalstiinl     foreman S.EO 


Fireman     1.«0 

Laborer     I.GO 

Proportions  concrete  ware  1  :  2.6  ;  I. 

The  low  price  of  sand  in  the  oorth  caisson  was  broufflit  about 
by  the  finding  of  good  building  sand  In  the  excavation  (or  tba 
anchorage,  which  work  was  done  by  the  same  contractor. 

When  the  caissons  had  been  sealed  the  iron  material  shafts 
were  removed.  This  left  holes  E  ft.  x  S  ft  extending  frtrni  the 
roof  of  the  caisson  up  to  M.  H.  W.  which  were  flUed  with  con- 
crete. These  shaft  holes  were  80  ft  deep  on  the  south  caisson  and 
100  ft.  deep  on  the  north  caisson.  They  were  partially  filled  wltti 
water  and  the  concrete  had  to  be  placed  with  considar&ble  care, 
Wooden  chutes  were  used  on  the  south  caisson ;  they  rested  on  the 
caisson  root,  were  filled  with  concrete  and  then  raised  aUowtng 
concrete  to  How  out  at  the  bottom.  The  shaft  holes  were  too  de^ 
on  the  north  caisson  for  chutes  and  20  cu.  ft  bottom  dump  buckets 
were  used.  They  had  to  be  lowered  to  bottom  of  shaft  each  trip 
before  dumping,  a  stow  operation,  which  greatly  added  to  tba 
cost     Proportion  for  concrete  1  : 2.6  r  I.     See  Table  VT. 

The  proportion  for  concrete  in  working  chamtker  was  the  Bams 
as  for  all  other  concrete.  The  speciflcatlons  called  for  S  ina  of 
morfar,  of  1  part  of  cement  to  214  parts  Of  sand  and  ijetweisi  the 
concrete  and  all  tiaaring  areas ;   that  Is^  under  the  cutting  edge  and 
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directly  under  the  root  «f  tho  irtnffiing  chBmber.  The  ococrete 
wa*  lalvM  In  the  cubical  mixer  and  dumped  aa  the  bottooi  door  of 
ihe  material  lock,  the  top  door  of  the  lock  woe  then  cloaed,  the' 
bottom  door  opened  and  the  concrete  fell  thnnitb  tb«  Aaft  to  the 
TCorklDK  chamber.  It  was  then  ehovaled  br  the  MUd  bos>  Into 
place.  A  6-ln.  iptice  wae  left  below  all  bearing  aurAcea  Into  wbicb 
damp  mortar  wae  tightly  rammed,  ConcretlUK  tbe  aoath  calsaon 
took  IDU  working  days  of  24  hour^  the  ssbsb  workfnB  alcbt  and 
day  In  twelve  2-hour  shlfte :  1,SSS  cu.  yds.  of  concrete  and  mortar 
were  placed,  or  at  the  rate  of  140  cu.  yds.  per  14  boure.  Tbe  gro^ 
time  Including  Sundays  wae  14H  daya  The  sand  boK"  worked  b 
BhlftB  of  2  houre  each  and  received  ja.BO  for  the  two  bonrs  work 
Tho  twelve  foremen  received  tl  more;  the  aTerage  png  consisted 
of  12  sand  hogH. 

On  the  north  caisson  the  organization  wat  moch  better,  vwtnx  to 
tbe  experience  gained  on  the  Qrst  caisson;  and  In  nilte  of  tlw  Iket 
that  the  sand  hogs,  on  account  of  the  Incressed  depth,  recetreA 
(4.00  for  IH  hours  work,  or  an  Increase  of  fSS.M  per  man  pv 
24  hrs.  over  that  on  the  south  caisson,  the  work  was  done  for  leas 
money.  There  were  placed  1,G8S  cu,  yds.  of  concrete  In  T  working 
days  of  24  hrs.,  or  at  the  rate  of  224  cu.  yds.  per  day.  The  grtwa 
time  was  im  days  Including  Sundays.  Tbe  avtrsge  number  of 
men  In  the  sand  hog  gangs  was  18,  with  one  forvaan.  who  re- 
ceived M  for  lU  hours  work.     See  Table  VII. 

€o»t  of  Sinking  Calisont. — The  cost  of  sinking  caissons  has  been 
subdivided  according  to  the  materials  encountered  and  also  with 
reference  to  the  depth  of  cutting  edge,  as  the  price  paid  the 
pressure  men  varies  with  the  depth.  The  toUowtng  ware  tbe 
union  rates  paid  to  "sand  dogi^"  or  workmen : 

From     0  to    EO  ft,  below  M,  R,  W t2,G0  for  t  hour* 

55  to     TO  fL  below  M.  H.  W. 2.TB  for  «  bouia 

70  to     80  ft.  below  M.   H.  W 3,08  for  4  bears 

80  to     90  ft  below  M.  H.  W, I.:g  fOr  2  boors 

90  to  100  ft,   below  M.  H.  W. 3,66  for  1  hour 

100  to  110  ft.  below  U.  H.  W. 3.71  for  1  hour 

When  connecting  chamber,  the  price  was  Increased  SS  cts.  per 
shift. 

Compressor  engineers  received  13,80  per  day,  foremen  t2.Ct  and 
coal  passera  |2.  The  superintendent  In  charge  of  the  pneumade 
work  received  |S  per  day  and  hiB  night  aartstanU  IE. 

The  present  "sand  hog"  rates  have  Increased  10%  over  tbeae 
llgureH, 

The  air  plant  consisted  of  three  100-hp.  yertlcdl  boiler^  3  I^ld- 
taw-Dunn-Qordon  Duplex  Colnpmsorl,  ll-tn.  steam  and  IS-ln.  ^r 
cylinders  with  18-ln,  stroke,  and  two  hl^  pressure  force  pump*. 
One  fl-in,  pipe  supplied  air  to  the  caissons,  and  one  5-ln.  pipe 
supplied  the  water.  There  were  also  three  4-bi,  blowout  plpea,  rix 
2-fl.  Riaterlal  shafts  and  one  8-fL  man  ahaft  with  elevator.  Docks 
were  built  around  the  caissons  to  .hold  thsm  In  porillon  while 
■Inking;  on  one  of  these  the  compressor  plant  was  located.  The 
clay  encountered  was  a  veir  hard  ■trattlled  material  and  dUBcvlt 
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to  excavate.  The  rock  was  the  ordinary  New  York  gneiss  and  was 
drilled  by  hand.  The  cost  of  plant  was  estimated  from  lD\-ciitory 
token,  as  the  prli^s  paid  for  It  were  not  available.  The  suplMrt, 
nl*o  had  to  be  eslLniated,  and  tlie  charge  tor  them,  aa  well  as  tbe 
plant  nre.  probably  iO  to  16%   low. 

Cot!  of  Sinkinn  SouiJt  CulMOB — 

(1)     Sand  with  bouldere.   3  gangs  per  ilny  at   S 
hours  each.     Elevation — G3.E  ft.  to  — ai.Hi  U. 

Labor    sinking    Jl.SgJ.OO 

Temporary    docka SS.rtO 

Plant     8S7.00 

Supplies    (S9.00 

Total    »l.n2T.0O 

Oeneral  expenses.   ;o^ 30'.09 

Total,  SOS  cu.  yds.,  at  |S.S6 t3,S10.00 

<2)      Sand    with   t>oulders.    4    gangs    per  isy   at   S 
hours  each.     Elevation — GS.2E  ft.  to — efi.7  ft. 

LalHir  sinking %  «,8!S.OO 

Temporary     docks Eji.OO 

Plant    2.aia.oo 

Supplies     1.307.00 

Total     110.681.0* 

General     expenses,     10% J.flSS.OO 


Total.   I.S29  cu.  yds.,  at  t«.10 111,749.00 

(1)    Clay  and   Stratified   Clay.     Elevation  — IS.7 
to  — 71.2B  ft.,  4  gangs  per  day  at  6  hours  each.  ■ 

Labor    sinking 13.763,00 

Temporary    docks 110.00 

Plant    1,083.00 

Supplies    013.00 

Total   I5.RS9.00 

General  expenses,   10^ !i57.00 

Total,  830  cu.  yda.,  at  17.31 t0.12G.OO 


1  Clay.   6   g^ngs  per  day  at    i   hours 
each.     Elevation —71.15  to  — SO.IO  ft. 

Labor     sinking %  9.4(2.00 

Temporary   docka 191.00 

Plant     I,S7(.00 

Supplies    I.Ofil.OO 


Qenaral   expenses,   l  O'^ l.iES.OO 

Total,  l.ttS  cu.  yds.,  at  18.12 tl3,Sei.0O 
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(5)    Sound   Qnelss   Sock,    G   gitnBs   per  day  at   4 
hours  each.     Elevation  — 80.19  to  — 81. IS  (t. 

Labor  sinking  1  4,sgG.OO 

Temporary    doeka 98  00 

Plant     ;i37  no 

Supplies ::    iso:oo 

Eiploslvea   Sl.OO 

Total     I   6.239.0O 

Gencrtil    pxpenses.    lO':; <24.0O 

Total,  196  cu.  yda,  at  135.20...' f   S,863.00 

<«)     Slmllfled    Clay— Stripping    Rock.       Elevation 
—81.25  Id  —81.!  fl.,  12  gangs  per  day  at 

Labor    sinking t  8,158  00 

Temporary  docka 102.00 

™nt    1,010.00 

Supplies    42.00 

Total      I  9.313.00 

Oeneral   expenses.   10':l 931.00 

Total.   38014   ou.  yds.,  at   128.80 (10.243.00 

(7)     Work    Incidental    lo    sinking    South    CalBBon. 

Rwaulklng  thamtter t    9C4  00 

Blocking  Tn  chamber l.JJg'oo 


Ciiat    i.f  BInkino  North  CaUton — 

11}    Muierlal— Mud,    Sand  and   Gravel.      ElevaUon 
—51,7  to  — Flii.S  ft.,  3  gangs  per  day  nt 

I-abor    sinking (2,351.00 

Ti-niporary  docks 80.00 

rinnt    864.00 

KupplieB    3S3.00 

Total      (3,668.00 

Genenil  expenses,  lO'/r 367.00 

Total,    1,714   cu.   yds.,   at   (2.35 (4.03B.00 


Tjibor     sinking (3,133.00 

Temporary     docks 88  00 

Planl     931.00 

Supplies    413.00 

Total    t4,oCi.OO 

General  expenses,    in7<. 456.00 

Total,   2.175  cu.  yds.,  at  (2.31 (5,021. CO 
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(I)     ICaterlal-^lay  and  Strattlled  Clay.     Eleva- 
tion— SK.e   to— 7J.3   n.,    1   BtuiKi  per  day 
at  t  houra  each- 
Labor    BinkInK    tl.SSd-DO 

Temporary  docks    81.08 

Plant     gSS.OO 

Supplies     JTS.OO 

Total     tt,t1t.»0 

Gflnerat  expenua.    10%    ISt.OO 

Total,  S66  cu.  yda..  at  M-EO 1 1.89 1.00 

(4)  Malerial— Strstiflod    aay.      Elevation— T 3. 3 

to — Sl.t    a„    S    gangs    per  day   at  4 
houra  eacb. 

Labor    alnkiDK    (T.EOO.DO 

Temporary   aocka   140.00 

Plant     1.4S0,M 

Supplloa     tEE.M 

_      Total    ta.TTe.oo 

General     expenses,     10%      877.00 

Total.  1,493  cu.  yda  at  17.20 flO.TGS.OO 

<5)     Material— Stratified    Clfty.      Elevation- El. 4 

to — S9.g  fl.,   12  sanBH  per  <lay  at 

2  hours  each. 

Labor    sinking    til. 130.00 

Temporary   docks    1E4,00 

Plant     1,<30.00 

Supplies    734.00 

„       Total     m.S3S.0O 

Oeneral  expenseB.  lO-;*  I.]t4.00 

Total.  1.G21  cu.  yds.  at  t9.1G US, 001. 00 

(5)  Material — Round   Onelas    Rock    "Benching," 
Elevation — 83, E  to — 91, 2E  ft,   12  gwiKS 

per  day  at   2  tioura-  each. 

Labor    |4,TBS.0O 

Temporary  docks    74.00 

Plant     770.00 

Supplies     346,00 

Explosives    ,         SE.OO 

Total  tS,98S,00 

General  expenses,   10%    E9S.00 

Total,  SI  cu.  yda  at  tT8,40 t4.E8I.00 

(7)     Material— etratined  CHay,     Blevatlon— Ot.ZS 

to — 9S,00  ft.,   14   gangs  per  day 

at  IK  boura  each. 

Labor    19,770,00 

Temporary    docks     B8.0D 

Plant    933.00 

Supplies    414.00 

„       Total    111,304,00 

General    expenses    1,120.00 

Total,  70!  ru.  yda  at  817.6S 112.324.00 


<S)     Materials — Sound     Qnelas     Rock     BenohiDC. 

Blevatton— 91.26    to   — 9E    ft..    14    gBngH 
per  day  at  1 K  hours  each. 

,  Labor    H3,30S.O» 

Temporary   docks    101.00  , 

Plant    I,16B.«0  , 

Supplies    E16.00  ! 

Explosives     1 05.00 

Total         tl5.190.0l> 

General    expenses    1,E19.00 

Total.    Z,E34    CD.    yds.   at   I8S.80   per 

cu.  yd »H,709,00 

(9)  Materials— Stratified   CIny.    Stripping   Rock. 

Elevation — flE  to  — 110  ft.,  14  ganKH 
per  day  at  W  hours  each. 

Labor    19,232.00 

Temporary  docks    BO.OO 

Plant    BSK.OO 

Supplies     310.00 

Total     110.306.00 

General   expenses.    10%    1,031,00 

Total.  453  cu.  yda  at  *2E.0D tl1.33T.0D 

(10)  RecalhlhE    chamber    cost }       TIG. 00 

The  cost  of  stripping  and  cleanlns  up  rock  Is  excessively  high, 
but  this  work  Is  necessarily  alow,  the  quantity  of  actual  exca\'ntlon 
small  and  the  latrar  rate  of  from  tl.TG  to  }1.S1  per  hour  Is  about 
10  times  that  for  similar  work  above  Kround.  The  flxed  plant  and 
overhead  charges  are  likewise  heavy. 

The  same  explanation  applies  to  the  high  rock  excavation  cost, 
besides  which  very  small  charges  of  powder  had  to  be  used  owing 
to  danger  of  injuring  the  caisson,  as  well  as  the  danger  of  blow- 
outs under  the  cutting  edge.  Therefore  holes  had  to  be  drilled 
close  together. 

All  drilling  was  done  by  hand ;  power  drills  would  have  greatly 
reduced  the  cost.  The  delay  caused  by  blasting  Is  expensive  In  this 
class  of  work ;  the  whole  gang  has  to  go  up  In  the  airlock  at 
almost  every  shot 

Cott  o!  Pier  MatvnTy.-^Ttm  masonry  was  begun  at  the  elevation 
ot  the  top  of  the  caissons  and  carried  up  to  elevation  24  ft.  above 
M.  H.  W.  In  courses  varying  from  2  ft.  C  Ins.  In  thickness  nt  the 
bottom  to  S  ft  at  the  top.  The  pier  was  built  of  limestone  up  to 
4  ft.  below  H,  I^  W..  above  which  the  facing  was  of  rock  faced 
granite  with  the  backing  of  llmestona  The  two  top  courses,  as  well 
as  the  pedestslB.  were  built  entirely  ot  granite,  all  exposed  sur- 
faces of  which  were  B-cut.  All  other  fac^e  stones,  whether  of  lime- 
stone or  granite,  were  of  rock  faced  with  U-ln.  beds  and  tolnts. 
The  backing  was  bnllt  of  roughly  squared  stones  wllh  iii-In.  beds, 
nnd  E-tn.  Joint  a  Spalls  were  used  In  Oil  In  g  the  jolnta  See 
Table  VIII. 

Cramps  and  dowels  were  used  In  the  two  top  conrses  of  granlla 

The  plant  consisted  of  derricks  surrounding  each  pier.  Th» 
limestone  was  unloaded  direct  from  barges.  Two  eilra  barges 
'■ere   kept   continuously   at   the   site   for   storage   purposes.      The 
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granite  wa«  unloaded,  cut  and  Mored  on  adjacent  docks  renti^  tor 
the  purpose.  Tlie  mortar  was  mixed  by  the  concrete  plant  In  pro- 
I>ortioiis.  1  of  cement  to  2  ^  of  sand,  and  handled  In  buckets  by  the 
derricks. 

The  Interference  on  this  claw  of  work  Is  great,  and  the  organlia- 
tlon  that  can  be  attained  where  masonry  work  alone  Is  carried 
on,  IB  not  possible.  The  coffer-dam  braces  interfere  with  the 
progress,  as  well  as  the  fact  that  the  quantity  of  nuuwnry  which 
can  be  set  while  the  caisson  Is  beln^  sunk  depends  on  the  weight 
required  on  the  crutttng  edge  and  not  on  the  efficiency  of  the 
masonry  sang.  The  first  pier  was  hullt  In  12^  gang  days,  or  at  the 
i%te  ot  SB  cu.  yds.  per  day;  the  second  one  was  completed  in  T7 
gang  days,  or  at  the  rate  of  3D  cu.  yda  per  day.  This  Increased 
performance  was  made  possible  by  the  more  rauld  sinking  ol  the 
second  caltaoD  as  well  as  by  better  organization. 

In  the  total  masonry  for  both  plera  up  to  the  coping  courses 
the  Tolds  were — In  backing  lZ?c,  In  face  stone  6%.  In  the  coping 
courses  the  voids  were  3^4%. 

The  labor  rales  were  as  follows  per  10-hour  day; 

Foreman    fS.OO 


Holster    runners     2.7B " 

Laborers      1.5D 

Coat  of  Erectlntj  the  Brooklyn  Towers  and  End  Spans  of  the 
Williamsburg  Bridge,  New  York  City.— The  following-  data  were 
■  given  by  Mr.  Francis  Ll  Pruyn  In  Enffttteertnir-ContractiKB,  Oct 
2*.  1908: 

The  work  consisted  of  the  erection  complete  In  place,  of  a  steel 
tower  3t0  ft.  high  on  the  tower  foundations,  the  erection  of  truss 
ESS  ft-  long,  the  connecting  of  the  same  with  the  cable  anchorage, 
and  the  construction  of  an  Intermediate  tower  about  lOO  ft.  high 
supporting  the  center  of  the  end  span. 

Main  Toieer, — The  main  tower  consisted  of  eight  heavy  columns 
braced  laterally  In  all  directions.  At  the  floor  level  they  were 
provided  with  a  system  of  heavy  girders  to  support  the  end  of  the 
land  truss  as  well  as  the  end  of  the  suspended  structure,  the  main 
span  of  the  bridge.  At  the  top  of  the  tower  another  system  of 
heavy  girders  was  provided  on  which  rested  saddles  tor  the  cables 
of  the  suspended  structure. 

The  actual  erection  ot  falsework  tor  the  main  tower  began  In 
January,  19O0.  and  the  erection  and  painting  ot  steel  work  was 
finished  In  November.  IBOl.  The  falsework  consisted  of  a  heavy 
flooring  resting  on  seven  BO-ft  trusses  extending  t>etween 
the  masonry  piers.  On  tfie  floor  was  placed  the  boil- 
ers and  engines  which  were  used  for  raising  all  steel  work  for 
the  tower.  The  main  falsework,  consisting  of  a  heavily  braced  tim- 
ber tower,  was  put  up  In  three  sections.  The  flrst  serllon  extended 
to  the  roadway  lei'el.  and  was  about  lOO  tt.  high.     On  top  at  this 


lotiO 
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were  erected  two  heavy  A  frame  deriicka  for  holailnE  the  stMl 
an3  two  smaller  derrlckB  for  handling  the  lighter  parts.  The 
steel  work  was  then  ere<:ted  up  to  the  roadway  level.  On  top  of 
the  roadway  the  second  section  of  tirobor  tower  waa  erected  aboul 
107  ft,  high,  the  derricks  were  tmnaferreil  to  Ita  top.  and  the  steel 
work  erected  as  far  as  possible.  The  flrst  eectlon  of  fnlaewort 
tower  below  the  roadway  was  then  wrecked  and  re-erected  on  top 
of  the  second  section,  the  derricks  again  transferred,  and  the  er«c- 
tlon  of  tower  completed.  After  ateel  tower  was  erected  a  heaVT 
rlmber  gallows  frame  was  built  on  top  of  It  for  hoisting  the  cable 
■addles  Into  place.     ■  * 

In  the  erection  of  falsework,-  steel  work,  elo„  the  Brldgeraen's 
Union  waa  employed.  The  rate  of  wages  for  Its  members  was  tS-IO 
for  eight  hours  at  the  start  of  the  work;  later  the  rate  was  hi- 
creased  to  13. TG  per  day.  The  general  rate  of  wages  for  Vte 
erection  of  falsework  for  main  Cowers  for  an  eight-hour  day  was 


Carpenters  and  steel  n 
Holsters     . 

Laborers 


Table  IX, — Cost  of  Ebsctiko  FtiMt  Work  fob  Main  Towbbs. 

Coal  of  First  Section,  fncludlng  TVusses  Belioeen  Fieri,  Floor,  En- 
gine Hoiue  otKl  A  Frame  Derrickt. 

Quantity.            Rate.  Amount. 

Yellow  pine  timber T4.6  M.  ft,  B.  M.          %U.ti  %LS23.IH> 

Iron   and    steel 42.4    Tons                          TT.OO  S.ttt.M 

lAbor    T4.6    M.  ft..  B.H.            l>3.00  S.SES.OO 

Total      t9,04S.II* 

Cost  of  Second  Section  of  FaJae  Work  and  Ralalng  Derrick*  <m  Top 

Quantity.  Rate.  Amount 

Yellow  pine  limber 4!       M.  ft,  B.  M.  126.40  tI,llD.0O 

Iron   and  steel 19. (   Tons  73.00  1,427.00 

Labor     42       M.  ft,  B.  M.  (1.80  Z.SOI.OO 

Total     .,",".'.".        tS.n8.00 

Coat  of  Third  Section  of  Falae  Work,  Oon*i*ting  of  Wrtcklnff  Fir*t 
Section  and  Be^Brtetlns  Bamt. 

Qsantlty.  Rate.        Amount. 

Tellow  pine  timber :i.4   M.ft.KH 

Iron  and  steel llU    Tons  

Labor    28.1    U.  ft,  B.  !£  JT7.60       H.OtT.Ofl 

Total     ~~.        |1,MT.M 
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Co»S  at  Sallows  Frame  Erected  on  Top  of  Tower. 

Quantity.  Rata. 

Tellow  pltM  timber S.l    If.  It  B.  U.  (IG.OO  1122. n< 

Iron  and   stsel H   Ton  80.00  40.0i 

Labor    8.1    M.  ft..  B.  M.  1(H.00  948.0 

Coal  of  V 


Yellow  pine  timber. . 


Tolal  Ooat  of  Erecting  and  Wrtckine  Falte  Work,  CompleV 

Qunnclty.  Rate.         Amo 

Yellow  pine  timber 12t,7    M.  rt.,  B.  M.  »24.60        »S,06 

Iron   nnd  steel tl.S   Tona  75.80         4,72 

Labor    ^ IBLl    M.  ft.,  B.  U.  85.25        IS.ST 


Plant,    lalxir 1,285.0" 

r>eneral  expen.ws.    10'i ■  2.326.00 

Tolal     t25,68S.O0 

The  total  weight  of  the  lower  was  3,071  tons,  therefore  the 
falsework  cost  IS.3S  per  ton.  It  should  be  noted  that  no  aalvBKe 
has  been  allowed  on  timber  or  iron. 

Faite  Work  lor  End  Spun. — The  false  work  for  the  end  span 
conslBled  of  a  heavy  timber  structure  about  E75  ft.  long  and  aver- 
aglnfc  about  90  ft.  In  height.  The  bents  were  made  up  of  12  x  12-ln. 
yellow  pine  timber  fastened  together  with  Iron  flsh  plates  and  %-ln. 
bolts  and  braced  with  S-ln.  sway  bracing.  The  portion  from  the 
main  towers  to  the  bulkhead,  about  ISO  ft.,  was  built  on  a  pile 
trestle  In  BO  ft.  of  water.  A  40-ft.  truss  spanned  Kent  Ave.  A 
traveler  was  built  on  top  of  the  false  work  by  means  of  which  the 
■l«el  work  was  erected. 

Coat  of  Pile  Dock. — The  pile  dock  was  built  In  60  tt.  of  water. 
where  the  current  ran  at  times  ft  miles  an  hour,  Th«  river  bottom 
was  hard  and  the  Piles  did  not  penetrate  over  10  ft.  For  these 
reasons  It  was  built  much  more  carefully  than  Is  customary  with 
this  class  of  temporary  structures.  The  piles  were  of  Norway  pine, 
70  ft  long  with  IS-ln.  butts.  The  capping  was  of  IS  x  IS-ln.  yellow 
pine  tlmtter  carefully  framed  and  heavily  bolted.  The  whole  was 
braced  by  IS  x  IS-ln.  and  4  x  li-ln.  timber. 

The  labor  rates  for  a  10-hour  day  were: 

Foremen     JB.OO 

Dock  builders   l.iE 

Holsters    g.BO 


S   to  SO  ft.  plIeH 10.00  260.00 
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The  dlnlCTistotis  of  the  treitl*  Were  190  ft.  x  S9  ft.,  making  a  total 
of  ]6,»00  sq.  n. 

Driving  iX  Bearing  Piles. 

Per  Pile.  Total, 

Labor     f  S.26  t    73fi.00 

PllM,    Ht     tig IS.OO  4,0C$.0O 

Pile    driver 1.21  275.00 

Total,    22«  pile*,  at |!2.4«  16.078.00 

Driving  Land   Btnt, 

Per  Pile.  Total. 

26   to  20   - 
Pile  driver 

Total.    28    pllea.    at 120.28  tGS7.00 

Driving  16  (70  ft.)  Spar  Pilea. 

Per  Pile.  Total. 

Labor     t  S,I«  I193.0O 

3S   piles,    at    f1» 18.00  ilG.OD 

Pile    driver 2.22  SO.OO 

Total.    3$   plleg,   at tZS.ES  tS19.00 

Driving  X  (m  ft.)  Fender  Pllti. 

Per  Pile.  Total. 

Labor     %  J.80  JIST.OO 

3«     pllee 16.00  578.00 

Pile    driver l.ll  40.00 

Total.    36   pile*,  at J20.S1  1773.00 

Total    cost    of    drIvlDC (7,227.00 

Colt  o/  Framing  and  Bracing  Pile   Tmtle. 

Labor     Jl.-HI.on 

H.I   M.   ft..   B.  M„   Y.  P.  capplnic i.HBB.OO 


Erecting. 

Total  ooBi  of  pile  dotk 111,008.00 

Coal    of   wreckinB S65.00 

Grand    total    IlJ.673.»ii 

tl5.OIO.00 

e  were  16,900  Bq.    ft.  of  dock,  which,  therefore,   coat   SS  elM. 

ft. 
e  Work  Trratlc  for  End  S|)nn.— The  false  work  for  the  c.Uitl- 
tpari,   whlcli   extended   from    the   Intermediate  tover   to   the 
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l.j<a 


ixni^hora.se,  conslats  of  IT  benCB  20  ft.  apart,  and  from  60  ft,  to  90 
(t.  high  nnd  Included  the  truaa  acroaa  Kent,  Ave..  wUlch  was  made 
up  of  nine  trusBea  48  ft.  long  and  IS  ft.  deep.  After  the  cantilever 
span  was  erected,  seven  bents  were  moved  forH'ard  to  serve  as 
false  work  for  the  connecting  span  and  the  remainder  of  tht>  steel 
work  erected.  The  timber  bents  were  erected  stick  by  slick  In 
place,    and    not.    as   la   cuHtamary,   by   building  on    the   ground   and 


;  the 


in  It. 


The  Bleel  work  was  erected  by  means  of  a  traveler  running  c 
tracks  on  top  of  the  false  work.  It  was  45  ft.  miuare  by  47  f 
high,  and  was  furnished  with  tour  10-ton  derricks,  which  wei 
mounted  on  top  of  It.  A  2D-ton  derrick  was  aet  up  on  the  eytreir 
t  the  false  work  for  mlslng  The  steel  from  the  ground  to  cai 


,  false 


»ork. 


rurnlshad  by  the  Brldgemen'a  Union. 
Total  Coit  of  Erectino  IT  Bent»  and  Moving  For- 
ward  7  Benle  and  Kent  Ave.    Truss. 


erials  for   IT  bents: 


General  expenses.   10% 

Grand    total 

Total  Coat  of   Ti-ai- 

Tjibor.  building  and  wrecking... 

Materials : 
Tellow  pine.  48.4  M.,  at  %t~.iO.. 

Iron   bolts,    etc..    14.T40    lbs 

Rods.   5.B00  lbs,,   at    3hi    cts. 

Tackle,    SO.OOO    lbs.,  ot   4   cts 

Plant     


..(33.40S 
.  .      3,341 

,  .138,750,01) 


Total  Cott  of  X-Ton  Dei- 
Labor,  building  and  wrecking 


General  expenses,  i 
Total     


*]. 207.00 
129.00 

.    »I.43«.0« 
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Total   Cott   of   FaUe   Work   for   End   Span   Con' 
taMng  ijUS  Toiu  of  StteL 
Per  Ton  St«el 

e  trestle 16-10  |!5,04O.O( 


Total    123.01 

span  w»a  2,636  tons :     tlio  fa 

It  ahould  be  noted  Chat  no  salvage  lias  been  allowed  tor  limber 
and  Iron,  as  ilien-  was  nu  means  or  determining  what  wua  the  uKI- 

Coat  of  Erection  of  ilain  Toaera. — Erection  of  main  towers  wns 
l>6Kun  Feb.  1.  mfln.  nnd  was  completed,  with  the  exception  of 
placing  the  saddle  on  lop  of  the  tower  on  Oct,  iBt  of  the  some 
year.  The  lust  saddle  wue  set  Dec.  14.  The  (Irst  section  erected. 
which  extended  up  to  the  roadway  teveX,  or  to  elevation  IK  ft. 
above  mean  high  Wiitcr,  contained  the  heaviest  mnnberB.  and 
should  have  been  the  cheapest  to  erect.  The  delivery,  however, 
was  slow  and  the  orennliatlon  rot  yet  perfected.  The  second 
section  erected  extended  to  elenitlon  Hi  ft,  atwve  mean  high 
water,  and  conlnlned  n  fcrent  deal  of  light  and  Intricate  cross 
bracing,  which  accounts  for  Us  higher  cost  In  the  top  section  the 
ateel  was  delivered  promptly,  and  ihe  construction  was  simple  and 
free  from  detnll  woik. 

The  prico  paid  to  l;il)or,  per  day  of  8  Itours.  were  ns  follows: 

roromen     16.00 

Siih-torfmen     3.TB 

Holsters     3.S0 

Sleelman      S.BO 

Laborers     2.00 

The  plant  consisted  of  two  4(l-hp,  10-ln.  x  12-ln.  boilers^  one 
25-hp.  S-ln,  X  10-ln.  double-cylinder,  (-drum  engine,  and  one  small 
donkey  engine.  Cliarglng  these  off  at  bO%.  the  total  plant  charge. 
Including  steel  cable,  rope,  small  tools,  coal,  etc.,  was  |S,O0D. 

The  coat  given  In  Table  X  does  not  Include  the  cost  of  riveting. 
which  is   treated  Beparalely. 

The  Incidental  expenses  were  as  follows: 


Diamond-drilling    32    anchor-bolt    holes 4,000 

RuBt  Jolnta   materials 931 

Total      tG,«l4 
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Erecting  End  Span. — This  work  conalited  of  erecting  the  Intor- 
mediute  tower  and  the  land  trum,  which  extended  from  the  main 
Cowers  to  the  anchorage,  a  distance  ot  80D  It.  The  truss  was  tO  ft. 
deep  by  67  ft.  wide,  with  a  roadway  2&  ft.  In  width  extending 
beyond  the  truss  on  each  side.  Tlie  span  waa  ninde  up  «I  two 
heavy  trumes,  divided  Into  20-ft  panels,  and  complicated  with  a 
multitude  of  details  owing  to  the  various  kinds  of  traffic  that  had 
to  be  taken  care  of  on  this  bridge. 

The  Intermediate  tower  on  which  the  cantilever  span  resteil  was 
90  ft.  In  height,  and  rested  on  two  masonry  pic^rs  6T  ft,,  center  to 
canter.  Each  pier  supported  four  stePl  columns,  with  diagonal 
bracing  and  connected  across  at  the  top  with  heavy  beams.  All 
niaterlal  wns  brought  to  the  site  on  noata,  .tnd  was  unloaded  by 
means  of  a  derrick  situated  at  the  main  tower.  The  material  was 
placed  on  flat  cars,  which  ran  on  a  trestle  about  E  ft.  above  mean 
high  wntor,  and  was  pushed  by  hand  to  the  foot  of  the  false  work 
extending  Just  beyond  the  intermediate  towers.  Here  It  was 
hoisted  to  cars  running  on  top  of  the  false  work  and  placed  under 
the  traveler,  which  erected  It  In  position. 

The  erection  of  the  end  span  was  finish. 
cost  of  labor  was  the  some  as  for  the  main  tower,  wllh  the  ex- 
ception of  the  holsters,  runners  and  steelmen,  whose  rate  w.'is  In- 
creaaed  to  13.78  per  day  of  eight  hours. 

The  plant  consisted  of  three  second-hcnd  35.hp.  engines,  double- 
cjrllnder  5  In.  x  ID  In.,  with  six  drums  and  bollors.  and  ciFt,  at 
iOnt,  11,500.  The  cost  of  rope,  small  tools,  etc..  was  11.300,  making 
the  total  cost  12,800.  Tha  total  cost  of  erection  Is  given  by 
Table  XI. 

The  incidental  expenses  were: 

Preliminary    work f    500 

Rust     Joints 150 

Adjusting  errors  In  steel  work B96 

Removing  steel  for  cables 1,006 

Total    13,352 

Riveting  on  Main  Toaera  and  End  Span. — The  riveting  was  done 
with  pneumatic  riveters :  from  four  to  eight  guns  were  generally 
In  use.  Four  men,  Including  the  rivet  heater,  constituted  a  gang ; 
euch  man  received  t3.7S  per  day  of  eight  hours.  Compressed  air 
was  furnished  at  about  80  lbs.  pressure  by  two  compressors.  With 
a  combined  capacity  of  about  100  eu.  It  per  minute.  The  rivets 
used  on  the  Intermediate  tower  were  short  and  easily  driven,  as 
indicated  by  the  cost  glv«n  In  Table  Xlt,  while  the  heavy  sections 
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S  boilers,  at  GD% f    SOO 

i  compreBsorB,  at  60% '• 1,30(1 

t  pneumatic   rammers,    at   60% 1,800 

15  torges,   st  £0% IBO 

W.    1.    pipe...: JOO 


Total    IB.eiO 

Painting  Main  Tower  and  Bud  BptM. — Tho  cost  of  the  flrrt  coat 
of  paint  on  the  main  toner  and  end  span  was  about  double  what  It 
should  have  been  on  account  of  the  bad  condition  of  the  abop  coat, 
which  had  to  be  scraped  oR  In  many  places  before  the  Ilrsi  coat 
could  be  applied.  A  fair  aveniKe  would  be  to  flKure  painters  em- 
ployed one-half  time  In  preparlnK  the  surface. 

Tablb   XIII. — CoBT  or   PAINTUra    SraDCTCBB. 

Main  Tower.  Bnd  Span.  Total. 

3,071  Tons.  1,6 S 6  Tons.  5,707  Tona 

Per  Ton.  TotaL  PorTon.  TotaL  PerT«».  TotaL 
First    coat (1.03     Il.lGl      tl.>9     I  B.ZtS     |1.4T     f  S.SSS 


Grand    total tS.71     18.337     H.07     flD.TlS     13.33     tI9.D13 

Palmers  received  fl.ZE  per  day  of  eight  hours,  but  pointed  only 
the  flrst  coat  on  Che  main  tower.  After  that  steelmeen  were  em- 
ployed at  IS.TE  per  day.  Table  Xtit  Mows  tbe  cost  of  painting. 
The  cost  of  the  plant  was  as  follows ; 

Brushes,    pots,  etc I  214 

Scaffolds,   ladders,  etc S13 

AnchoroKe    protection 34E 

Miscellaneous  plant  labor 903 

j  '  Total    11,176 

I  CFsneroI  Expenn. — The  seneral  expanse  on  this  work  InelndM  tha 

I  resident    engineer,    draftsman,    superhitendent,    UmekeaperK    oAm 

t  htfp  and  watchman :   and  flgured  out  10%  to  the  cost  of  the  tottl 

labor  and  materials  employed  at  the  site  of  the  work. 
I  As  previously  noted,  the  large  cost  for  falsework  is  broulAt  about 

on  account  of  not  crediting  salvaBe  on  the  materhill  on  tUa  ttMn. 

"^ble  XIV  gives  the  total  cost  of  the  coinpl«t«d  WPrk. 


Table  XIV. — TfrtAL  Co»t  or  Coiu-Lffrn)  Work. 

Muln  Tower.  End  Span.  Total  Cost  Per 

3.071  Tons.  2,836  Tons.      5,707  Ton&  Ton. 

FalBeWork    $25,583          f  60. SIS          1S6.42S  S15.1S 

fraction   26.8ft3              :3.B41              50.813  S.IB 

Riveting    24,816              23,910              48.7B8  8.B6 

Painting    8.32T              10.712              1S,0SS  t.tl 

Total    ISE.fllg         8119,438         f 20B.DGS        

Cost  p«r   ton tiS-OS              I4E.30              836.00  f86.M 

The  materials  lUed  In  palutloK  main  tower  and  end  span  wars 
aa  lollowe: 

ZS  bbls.  No.  500  National  Paint  Worlti tl,t40 

24  bbla  No.  20  National  Faint  Works,  Spec  I.IUS 


Total    |2,BU 

Com  o(  the  Prooklyn  Anchorage  of  the  Williamsburg  Bridg*.— The^ 
folloning  data  were  given  by  Ur.  Francia  K  Pruyn.  In  BttBliKering- 
Controctln^,  Jan.    30,    1!)07 : 

The  Brooklyn  anchoroce  ot  the  WUllanuburK  Brldxe  conslated 
essentially  of  a  block  of  masonry  150  ft.  long,  182  ft.  wide  and 
114  fL  high.  Its  function  was  to  fumlsh  sufflclant  weight  to  iM^d 
down  the  cables  when  the  main  qian  of  the  bridge  was  fully  load- 
ed. P^  1  [too  larse  for  reproduction  here]  shows  the  main  fea- 
ture of  the  design  ;  which  Included  an  excavation  40  fl.  deep,  a  pite 
and  timber  grillage  foundation,  over  which  was  spread  a  14'ft. 
layer  of  concrete.  From  this  point  to  the  eleintton  of  the  gi'OUnd. 
a  distance  of  25  ft.,  limestone  masonry  was  placed,  and  from  this 
elevation  to  the  top  of  the  anchorage  the  masonry  consisted  of 
Ibnestona  backing  with  granite  face-stone. 

The  interior  of  the  anchorage  contained  three  tunnels  extend- 
ing from  top  to  bottom  In  which  were  placed  the  steel  anchor 
chalna  Theee  chains  were  fastened  at  the  bottom  of  the  anchors 
age  to  a,  heavy  steel  grillage  which  naa  (Irmly  Imbedded  In  the 
masonry.  The  anchorage  also  contained  two  large  wells  situated 
between  the  lines  of  anchor  chains,  which  were  necessary  In  Order 
to  Obtain  an  equal  load  distribution  on  the  foundation.  The  main 
Items  in  tbla  contract  were  as  follows : 

Elarth  excavation   34.040  cu.  ydL 

Yellow  pine  piles 4IZ 

Tellow  pine  timber 120.000  cu.  ft. 

Concrete    10,88B  .cU.  yds. 

Stone  masonry    44,597  cu.  yda 

Steel  anchor  chains   1,553  tons. 

Oo»t  of  Bxoavation. — The  anchorage  was  situated  about  300  ft, 
from  the  East  River  bulkhead  line  and  a  trestle  was  constructed  to 
carry  the  excavated  material  across  the  Intervening  street  to  a 
dumping-board,  where  it  wae  lottded  directly  Into  scows  and  caiw 
ried  away  to  saa.    Tracks  were  laid  on  this  trestle  and  cars  whicl 
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were  actuated  by  an  tnBenioui  form  of  cable  haul  handled  the  ex- 
cavated material.  This  trestle  and  hauling  device  also  aerved  to 
handle  all  the  materlaJ  for  grillages,  concrete,  stone  masonry,  sleel 
work,  etc 

The  excavation  was  done  by  pick  and  shovel  Into  sklpa  which 
were  elevated  and  placed  on  the  cars  by  means  oC  eight  derricks 
arranged  around  a  framework,  which  was  maintained  at  the  orig- 
inal ground  level.  Long  piles  wore  driven  before  the  framework 
was  erected  to  support  It  as  the  excavation  proceeded,  and  these 
piles  were  braced  and  spliced  as  the  ground  level  receded.  Thin 
feature  of  the  plant  was  very  expensive,  as  the  proper  support  of 
this  heavy  framework  kept  a  larce  gang  of  men  continually  at  work. 
Derricks  placed   around   the  edgea  of  the  excavation  would  have 

maintenance,  but  also  because  they  would  have  covered  the  entire 
work  whereas  tlie  derrick  frame  could  not  reach  the  area  directly 
under  Itself.  The  derricks  were  deslfmed  without  bull  wheels  so 
that  tag  men  had  to  be  used  throughout.  This  feature  added  t 
per  rent  to  the  cost  of  excavation  for  labor  alone,  and  probably 
added  as  much  more  through  loss  of  time  In  swinging  derricks. 

On  two  Bides  of  the  excavation  10xl2-!n.  yellow  pine  sheet  pil- 
ing 30  ft  long  was  driven  to  protect  sowers,  water  pipes,  etc..  In 
the  adjoining  streets.  The  driving  was  exceedingly  dlitlcult  and 
hard.  It  being  through  sand  and  gravd.  The  piles  were  often 
broken  In  driving  and  the  points  of  many  were  found  badly  briHnn- 
ed  when  uncovered.  The  following  rates  of  wages  were  paid  p«r 
14-hour  day: 

-  Foreman   M.OO 

Holster   8-60 

Fireman     *. 2.00 

Carpenter    t.SO 

Riggers    S»| 

The  average  length  of  sheet  piles  was  3D  ft ;  S,000  lin.  ft  were 
driven  and  9,000  Hn.  ft.  used.  The  total  cost  of  the  sheet  plUng 
was  as  foUowB.  no  salvage  being  credited: 

cost  lln.  ft. 

Labor,  dHvlng   |1,<0S  10.176 

Labor,  bracing   920  O.IIE 

Piles.  90  M  at  (30 1,800  O.ZSE 

Bracing,  100  Mat  »13 l.SOO  O.HS 

Plant     114  0.0»» 

Steam     I  J!  0.01* 

Total    JS,79I      JO.TM 

After  the  sheeting  was  driven  the  excavation  was  covered  down 
to  the  required  depth  of  40  ft.  below  the  elevntlon  of  the  ground. 
^About  one-half  the  material  excavated  was  sand,  and  the  remain- 
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was  made  up  of  clay  and  hard  pan.  About  ona-quarter  was 
d  pan  and  very  hard  digging.  All  eicavatlon  waa  dona  by  hand. 
material  being  shoveled  Into  skips,  which  were  then  ral»ed  by 
derricks  and  placed  on  flat  cars  which  ran  through  the  der- 
c  frame.  The  cara  ware  then  run  to  the  dump  about  400  ft. 
Lant  by  a  cable  device,  the  material  being  dumped  down  nn  In- 
le  chute  into  scows,  to  be  dumped  at  sea.  Building  sand,  aulB- 
it  for  all  concrete  and  masonry  on  this  work,  was  secured 
m  the  excavation  and  stored  on  the  work.  The  rates  of  wages 
d  per  lO'hour  day  were  aH  foltowa: 


Holst^vB    .. 
Signalmen 

Trackmen 


Per  day. 


T^adlnK  skips t   B.OOO  {D.19 

leading  on   cars    S.184  O.OB 

Dumping    8,879  0.07 

General  foreman   STE  0.02 

Total   »1S,93S  10.33 


cu.  yds. 

.42,000 
.42.000 


Total    138.900 


10.90 


The  coat  of  pumping.  BteaRi,  plant  and  general  expensea  were 
flgured  for  the  entire  work  and  distributed  through  each  item  sep- 
arately, as  Is  shown  further  on.  The  beat  month's  run  constituted 
Ifi,SSl  cu.  yds.,  working  BT  ten-hour  ahilts.  which  is  equivalent  to 
246  cu.  yda  per  IB-hour  day.  The  average  output  for  the  entire 
period  of  excavation  was  184  cu.  yds.  per  10-hour  day,  which  Is 
equivalent  to  218  working  days  for  this  portion  of  the  work.  It 
will  be  noted  that  the  plant  charges  are  exceedingly  high,  and  In- 
clude the  sheet  piling  given  above  as  well  as  Its  proportionate 
charge  of  derrick  frame,  trestle,  etc. 

FoumlaUon  Filet. — After  the  excavation  was  completed,  founda- 
tion piles  were  driven  in  three  clusters  under  the  steel  grillages. 
There  were  423  pilea  In  all,  and  aa  the  bottom  consisted  of  pure 
■and  saturated  with  water  they  could  not  be  driven  more  than  an 
average  of  0  ft.  below  cut'OlI.  The  cost  of  driving  these  piles  la 
excessive  owing  to  the  great  dllllculty  encountered  In  driving  on- 
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der  the  der.-lck  framea,  vhlch  wflr«  directly  over  about  £0  iwr  cent 

Coft 

Total  cost,  per  pll& 

Ijibor,   driving    %    7JI  (1.7J 

PiiLH.  1 3  fL  loni:   i%\  1.50 

Pumping    3IS  0-ST 

Steam     35  O.OS 

Plant     S13  O.SO 

Uenoral   34g  0.S2 

Total   »2.!37  »5S0 

Timber  Orlllafie. — Over  the  entire  (oundntlon  and  aronnil  the 
heads  of  the  piles  was  deposited  a  2-ft  layer  of  conerele  In  which 
wps  Imbedded  the  first  course  of  timber  that  conatlluled  the  gril- 
lage, covering  the  entire  area  of  foundation  and  consisting  of  four 
thIcknesBsa  of  12  x  IZ-ln.  yellow  pine  timber.  The  timber  was 
sized  top  and  bottom  and  drift  bolted  every  6  ft  with  IH-ln.  drift 
bolta.  The  top  course  of  timber  eonaisted  of  aliemato  rowa  of 
SxlS  In.  and  10x12  In.  to  bond  with  the  concrete.  The  root  of 
the  timber  grillages  was  aa  follows,  there  being  1,391  If  ft.  B. 
M.  of  timber: 

Total        PerUfL 
Labor.  Amount       B.  U 

Delivery    to   anchorage    t  1.800         (  1.19 

Placing    »,*S1  I.IS 

DHft    bolting    930  0.60 

Oeneral   foreman    190  O.JB 

Total i  5,601  t  3.9B 

Total  PerHtt 

Total   cost.                                Amount  B.  tf. 

Labor    %  6,607  t  ».»5 

Yellow    pine    SB.OSO  18.90 

Iron    3,900  8.80 

Pumping    1,394  1.00 

Steam   83  .« 

Fnant     1.990  US 

Oeneral    t.09S  1.60 

Total   .t40,0ee  IS8.T1 

Concrete. — A  layer  of  concrete  varying  In  thtcknesa  from  6  to 
10  ft  and  covering  the  entire  foundation  was  deposited  above  the 
timber  grillage.  About  8.20D  cu.  yds.  was  required,  the  mixture 
being  about  one  part  cmnent  to  two  parts  of  sand  to  live  parts 
broken  stone.  The  concrete  was  mixed  In  a  2  cu.  yd.  cubical  mUer 
situated  directly  beneath  the  derrick  frame,  so  that  the  maiertals 
could  be  dumped  from  cars  Into  the  mixer  hopper.  Broken  Mone 
came  to  the  site  In  barges  and  was  shoveltd  into  sklpa.  and  after 
Iho  required  amount  of  cement  was  spread  on  the  stone,  the  fUp 
was  lifted  by  a  derrick  onto  cars  situated  on  the  trestle.  Tbe  txt 
was  then  hauled  by  cable  to  the  mixer  and  dumped,  with  the  re- 
quired amount  of  sand  for  a  batch.  The  inlx«d  concrete  was  nra 
into  buckets  and  deposited  In  the  work  by  derricks,  where  It  wa* 


rartad  and  rammed  In  IZ-ln.  layers.  A  batch  condated  of  Z% 
bKrrels  of  cement.  1»  cu.  ft.  of  Muid  and  4T  cu.  ft  of  broken  atone 
and  made  I,S  cu.  yd,  in  place.  The  maximum  output  for  10  hours 
was  111  bntchea  or  ZOO  cu.  yds. :  the  aveni^  output  for  the  entire 
time  of  concretlnK.  or  ST  days,  was  68  batches,  or  122  cu.  yda 

The   averaKe  force  was   El    men   divided  as  follows;    IE    hnuling 
mnterinls.    12    placing.    3    mixing;    the   rest   were   holBtars, 
signal  men.  car  men,  etc.    The  rates  of  pay  were  the  same  ai 
previously   given.      The  cost  of  8,1BB   cu.    yds.   of   concrete  v 

Labor.  Total  Fee  cu.  yd. 

Handling  matertals t  2,SS0        to.32 

Mixing    34S  D.04 

l^aclns     3,003  0.38 

Oenerat  foreman  G12  0.06 

Total   t   8,B2S  10.80 


Cement,  at  tl.SO  i 

Sand,  al'  to. GO  per  cu.  yd 1,S9U  U.^iU 

Stone,    at  tl.25   per   cU.   yd 9.800  l.*0 

Pumping    I.SSl  0.19 

Steam    400  O.OS 

Plant     4,49B  0.6E 

General   expenses    2.400  0.30 

Total     |4S,gSl  f  E.2!i 

The  concrete  was  of  large  mass  and  was  easily  placed,  Tlie 
plant  was  well  desfgned  and  the  Job  well  managed.  The  plnnl 
charge  of  G5  cts.  per  cu,  yd,  was  high :  one-half  of  It  was  chargp- 
able  to  the  derrick  frame.  This  part  of  the  plant,  as  before  stated, 
was  expensive  to  maintain  and  the  proportion  chargeable  to  con- 
Crete  was  therefore  large. 

Maaonrti. — The  stone  masonry,  consisting  of  a  total  of  44,000  ru. 
yds.,  was  for  the  most  part  In  large  masses;  at  the  same  time  the 
tunnels  for  (he  anchor  chains  and  the  various  wells  required  a 
good  deal  of  careful  setting.  The  masonry  from  the  concrete  up 
to  about  ground  level  consisted  of  a  face  of  rock-faced  limestone 
with  limestone  backing.  At  the  ground  level  came  several  courses 
of  six-cut  granite  facing  18  ft.  In  height,  above  this  came  rock- 
faced  granite  facing  up  to  the  coping  courses,  which  were  of  dx- 
cut  granita  All  backing  was  of  limestone,  roughly  squared.  In 
thickness  eaual  to  the  face  stones  of  the  same  course  and  with  ver- 
tical joints  that  averaged  t  Ins.  The  vertical  and  horlsontal  Joints 
of  all  rock-facod  ashlar  was  H  In. ;  for  six-cut  work  It  was  li  In. 

The  stone  whs  unloaded  from  barges  at  the  dock  onto  cars, 
which  were  hauled  by  cable  to  the  site  of  the  work.  The  mortar 
wns  mixed  by  machine  In  the  concrete  mixer. 

The  cost  ot  labor  In  seltlng  masonry  was  high  and  was  due  to 
thp  (Ie!.lgn  of  the  derrick  frames,  which  were  directly  over  the 
work.  They  had  to  be  Jacked  up  tor  each  course  above  the  ground 
level,  which  was  expensive,  and  being  located  over  the  center  of 
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this  TCork.  sattlDK  stone  beneath  them  was  difficult  and  coMIy.  T»9- 
men  were  used  to  swing  the  derricks ;  as  the  design  did  not  pemili 
bull  wheola;  they  added  IS  cts.  per  cu.  yd.  to  the  cost  at  suttioe- 
Rtone  rnasons  worked  an  8-hour  day,  all  other  labor  a  iO-hour  day. 
The  labor  rotea  were  as  follows: 

Foreman    IS.OO 

Mnsons    3.20 

Laborers     l.SO 

The  total  labor  cost  of  seltlns  H.OiS  cu.  yda.  of  masonry  was: 
Totul.     Percu.  yd. 

Del IvorlnB   stone    »  9,9sr  $0.2S 

.Mt\liiK   nnd  dellrering  moitar...     8.7»2  0.20 

rtoliverlni-  spalls    Sfli  0,OS 

Setting     stone     41.141  0.94 

Total    »60,S33  11.39 

In  the  following  cost  of  the  various  kinds  of  masonry,  the  labor 
u*as  taken  at  tl.39  per  cu.  yd.,  aa  above  given;  there  was  no 
means  of  obtaining  the  cost  of  Belting  the  various  classes  of 
Likewise  the  percentage  of  mortar  was  taken  at  a  flisd 
he  total  masonry.  Actually  the  mortar  varied  from 
IB  per  cent  In  barking  to  e  per  rent  In  rock  facing,  to  1  per  cent 


than  balanced  by  the  extra  cost  of  setting  the  faring  nnd  six-cut 
masonry.     The  coat  of  mortar  per  cu.  yd.  of  masonry  was: 
Per  cu,  yd. 

fi.4   bbl.  cement  at   tl.SO %«.M 

0.12   cu.    yd,    sand   at   *0.B0 COS 

t0.6fi 
The  cost  of  limestone  backing  34.200  cu.  yds.  was: 

Total.     Percu.  yd. 

Uibor    t  47.538  |I.3» 

Morlar    22.572  O.SS 

-Stone,    tS    at    8o7o 145, S50  4,!5 

Steam    4,788  .14 

PInnt     2S.340  .77 

General   expenses    16.TS0  At 

t2S3,348  17.70 
The  cost  of  UrocBtone  t.icing  J,500  cu.  yds.  was; 

Total.  Percu,  yd. 

Labor    I  4.860  tl-39 

Mortar    2,310  -BS 

.'itone,    I7.35    nt    B4'J 23, 806  6.80 

Steam     490  .14 

Plant    2.«9fi  .77 

Oeneml  expenses   1. 715  .49 


135,875        J10.25 


Coie  of  Erecting  Sttel. — The  itee)  vorh  conilated  of  a  heavy 
BTlllase  made  up  of  besma  E  ft.  S  InB.  deep  by  S6  ft.  and  24  ft  long, 
riveted  tosether  ID  form  an  anchorage  for  each  set  of  anchor 
chains,  and  of  four  chains  made  up  of  2-lii.  eye-bars  from  10  to 
14  ft.  long.  Elach  chain  extended  from  the  lop  to  the  bottom  of 
the  anchorage  and  was  made  up  nf  two  rows  of  20  eye-bars  and 
fastened  together  with  «-1n.  atwl  plna  The  steel  was  delivered 
In  the  same  manner  as  the  other  materlalH  and  set  In  place  by 
deiTlcks.  Each  pin  rested  on  a  heavy  casting  or  «eel  girder, 
which  rested  upon  knuckle  stones,  cut  to  the  proper  angles  and  set 
The   joints  between   the  knuckle  none  and  the 
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bearing   girders   were  ruM  Joints.     The  total  weight   erected  wai 
l,[iS3  tons,  and  the  cost  of  erection  was  aa  follows: 

Labor: 

Delivery  and  erection |J,3IT 

Hlvellng   1,S84 

Painting  >«2 

DrllllnK  for  bolts   J49 

Rust  Joints  its 

Foremen    <75 

Total   labor    16.989 — tl-^Zperton 

Steel   65.00  per  ton 

Plant     2. OS  per  ton 

Steam     06  per  ton 

General  enpennes  ,14per(on 

Total   t'l.lSper  ton 

Bleem  ProduclioH. — The  cost  of  fuel  and  lattor  for  steam  produc- 
tion for  the  whole  work  Is  as  follows.  The  boiler  battery  mnslsted 
ot  four  old  Manhattan  Elevated  locomotive  boilers  of  30  hp.  each. 
They  were  located  near  the  dock  and  the  steam  was  piped  to  tbe 


Foreman,  day.  25^  moa  at  IBE. . .  .f:.t70 
Foreman,  night.   2b'/i   moa   at   f60..   1.&30 

Helper,   2B'A   moa.  at  ffO 1.020 

1  i.li* 

2.340  long  tons  soft  conl  at  12.25 f 5.360 

1,G:5  long  tons  hard  coal  at  11.00..  6.100 


116,080 

This  cost   has  been    distributed   throush  the   different   crlasses 

I'^imphiff. — Pumping  was  done  during  part  of  the  time  ttuic  e 
cnvntLon.  pile  driving,  concreting  and  timber  grillage  work  w 
being  done,  a  total  of  295  days.    The  cost  was  as  follows: 

Engineers.   46Ci^  days  at  (2.85 (1,330 

Laborers,    S02H    days    at    |1.60 303 

Total    Jl.83.1 

Stenm     3,964 

Plant    990 

Total  cost   I6.5S7 


Plant, — The  plant  cost  tor  the  various  kinds  of  plant  and  r 
'hlnsry  described  Under  the  different  claBsea  of  work  were  as  i 
OW8 1  no  Balvage  haa  been  credited : 

Materials.         Labor.  Toti 

!   Derrick  frames,  complete f  S.SiS        t  S,052         116, 


Pumplnit     990                  Z«g  l.S! 

Pile  driver    !.59IJ               . 2.6: 

Mixer   and   trestle    GIZ               A?«  l.D: 

2   Derricks  at  bulkhead    2.321                  ^48  2,7' 

1    Howe    truss 4S0                 BIT  S: 

1  Derrick  for  sand 703                    B!  7i 

Sewer    120                 13S  2' 

Gutter    ' SB                   28  ' 

Rlectrlc  light   a.OOO              2.0' 

W.ater  for  motor SOO              Bi 

WHter  for  steam 1.280  1.2 

Wnterprooftng   260             2' 

Total |S3.glT          (24,583  (i8,3 

— The    general    expenses    were    made    up 

Omce  force  and  watchman.  21  mos..  nt  1922.50. ..  .f  19,395 

Makins  bid,  say   500 

Money  Invested,  say   150,000.  at   5*:^,  for  21    mos..  4.400 

Bond,    (360.000.   at  1% 6.126 

Inmtnince,    (140,000.  at  3% 2,800 


Building  olTlce  and 
Office  stationery,  lelephi 


Total   137,745 

Labor  Coat  of  tho  Foundations  of  City  Island  Bridge,  New  York.* 

Before  giving  the  figures  of  the  cost  of  labor  In  the  canitructlOB 
of  the  foundations  of  the  City  Island  Bridge.  It  will  be  well  to  give 
a  brief  description  of  the  bridge  Itself.  Tlie  City  Island  Bridge 
connects  City  Island  and  Pelham  Bay  Park  at  Rodman  Neck, 
Bronx  Borough.  New  York.  It  Is  about  1.500  ft.  long.  Including 
approaches,  and  BO  ft.  wide  over  all.  There  are  six  masonry  piers 
and  two  abutments,  all  sunk  to  rock  or  hard  material  at  a  maxi- 
mum depth  of  40  ft.  t>e1ow  high  water,  and  they  support  the  steel 
superstructure.  The  superstructure  proper  consists  of  a  180-ft. 
draw  span  and  Ave  80-fI.  spana  The  pivot  pier,  which  haa  a  maxi- 
mum diameter  of  3E  ft..  Is  protected  by  a  longlludlnal  crib,  228  ft. 
long  and  61  ft.  wide.  The  pier  has  45  degree  cutwaler  ends  and  la 
sheathed  with  4-ln.  yellow  pine  vertical  planks.  14  ft.  long,  which 
extend  from  1  ft.  below  mean  water  level  to  the  top  of  the  crib,  5 
tC  above  mean  high  water.  The  pivot  pier  occupies  a  rectangular 
space.  S3  ft.  long  and  37  ft  wide.  The  bridge  was  built  for  tho 
Department  of  Bridges.   New  York  City,  the  superstructure  being 

Btiginterinff-CoHtTxictlng,  May  16,  1908. 
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ronBtructed  br  the  Kbtg  Brldc«  Co..  and  the  aubatructure  I^  Join 
V.  O'Rourke. 

Colterdatni. — A  subcontract  for  the  construction  o(  the  cotTar- 
dams  was  let  by  John  F.  O'Rourke.  the  contractor  for  the  founds' 
lions,  to  Warron  RoseveK.  Now  York.  The  material  uaed  waa  yel- 
low pLno.  The  lower  sections  of  the  cofferdama,  which  remained 
In  the  pormanent  work,  were  constructed  upon  ways  and  launched. 
The  upi>er  section  was  then  constructed.  Several  pile  drlWnr 
si'ows  were  used  on  the  work.  In  the  placing  of  the  coCferdajna, 
the  plant  was  furnished  by  Mr.  Rnsevelt;  but  Mr.  O'Rourke  fur- 
nished the  laborers  for  loading  bagH  of  gravel  to  sink  and  place 
them.  In  the  summary,  Table  XV,  which  givea  the  time  tor  con- 
structing the  cotFerdenis  and  the  amount  of  material  used,  it  wtit 
be  noticed  that  the  dam  (or  abutment  No.  1  waa  constructed  In 
a  lees  period  than  any  of  the  others.  This  was  due  In  a  measure 
to  better  (acllltles  tor  handling  the  material.  The  higher  coat  for 
building  the  cofferdam  for  Pier  No.  3  (pivot  pier)  waa  due  to 
the  fact  that  it  was  built  In  on  octagonal  form.  No  data  were  ob- 
tained ot  the  cost  of  setting  the  cofferdam  tor  pl9r  No.  3. 

Uatonry. — According  to  the  apectflttttiona,  the  masonry  was 
classified  In  two  grades :  ( 1 )  Fotindation  masonry  and  ( i )  pier 
masonry.  Blue  gray  limestone,  or  other  dark  stone  of  compact 
granular  atrucrlure  without  lamination,  was  to  be  used  In  both 
t'oaea.  Ttie  backing  of  the  abutment  masonry,  to  mean  high  water, 
was  to  be  concrete  In  the  proportion  ot  1  :  i  :  4.  Above  mean  high 
water  the  proportion  of  concrete  waa  to  be  I  ;  J  ;  B.  The  founda- 
tion masonry  was  to  be  laid  to  the  elevation  Of  mean  low  water, 
nnd  was  to  consist  of  flrst-clasa  quarry'taced  ashlar  bedded  In 
Portland  cement  mortar  with  4i-[n.  Jolnta.  and  well  rammed  con- 
crete backing  of  1  :  !  :  1  concrete.  Work  was  to  be  laid  In  regular 
courses,  34  In.  to  30  In.  In  depth,  with  thickness  progressively 
diminishing  upward.  All  stones  were  to  be  cut  to  line  on  thrir 
natural  beds,  and  the  top  surface  had  to  be  parallel  with  Its  iKd. 
Beds  were  to  be  dreased  the  entire  width  of  the  stone  and  vertirsi 
Joints  cut  back  not  less  than  12  In.  Courses  were  to  break  JolnlS 
with  each  other  at  least  12  In.,  and  headers  were  to  be  arranged  so 
as  to  come  over  underiying  stretchers.  Not  less  than  one  he«drr  J 
to  every  two  stretchers  was  to  be  used.  The  concrete  backing  wts  j 
to  be  leveled  up  with  each  course  ot  atone.  The  stones  for  the 
pier  masonry  were  to  be  cut  to  dimension,  and  laid  with  Jointa  not 
exceeding  ^  In,  The  hearting  or  backing  was  to  consist  of  1  :  !  :  4 
voncrete  for  abutment  to  elevation  of  mean  high  water;  1:3:5 
i-oncrete  was  to  be  used  above  that  elevation.  The  coping  was  (o 
■■onslst  ot  selected  limestone  or  light  colored  grsnit*.  quarry  foced. 
laid  with  H-ln.  Jolnta 

As  a  matter  of  fact,  the  atone  used  for  the  masonry  was  Cobble* 
akin  limestone  facing  with  concrete  backing.  The  coping  was  gran- 
ite from  Ualne.  The  maaonry  work  was  done  by  John  F.  CyRourke. 
the  contractor.  The  plant  consisted  of  two  derrick  scows  and  atlfl 
leg  derrick,  the  latter  being  used  on  abutment  Na  I  and  pier 
Ka  3.     One  at  the  scows  was  uaed  mainly  In  depositing  concrete 
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The  tOTtgolng  table  of  co«t  for  maaonry  work  !■  (or 
building  the  maaonrr  after  the  material  was  loaded  on  the  acows, 
and  doei  not  Include  the  handling  of  muterlai,  placing  stone  from 
yard  on   scows  and  cement  from  the  Morehouse. 

The  higher  cost  of  the  construction  of  masonry  of  pier  No.  I 
*nd  pier  No.  4  will  be  explained  by  an  examination  of  the  Bum- 
marr   Table,    which    shows    the   proportion    of   backing   and   face 

OraiMt  Cutting. — In  this  work  the  material  was  furnished  by  Jtr. 
(yRouTtca,  but  the  lalrar  was  done  by  a  sub-contractor.  The  granite 
was  brought  by  vessel  from  Maine  and  was  used  In  coping,  bridge 
■eats  and  abutment  steps.  Beds  nere  peenhammered  and  the  tares 
rock  faced,  a  total  of  T.OGS  cu.  ft.  was  cut.  Bight  hours  consti- 
tuted a  day's  work. 

In  the  table  below  la  given  the  labor  cost  of  cutting  the  granite 


for  coping  and  steps.  This  work  was  Included  In  the  tabic  that 
precedes  this  paragraph,  but  as  the  details  were  obtained  from  a 
dtfFerent  source  Of  Information,  it  has  been  thought  well  to  give  It 

iMBoa  or  SroiracDTtBRB  Onlt. 

Hours         Gu.  Ft.      Cost  Per      Cost  Per 
Cu.  Ft.      Worked.     Per  Hour.    Cu.  Ft.         Cu.  Yd. 
Abutment  N'o.  1.1,041-lOln. 


Pier  No,   i. 


4e2-  sm. 


■       2S- 

6  n 

•       31 

G  n. 

Total  .... 

.1,007- 

OIn. 

341 
312 


1.3  S  8 
1.68» 
1.432 


(0.24G 
.368 
.354 
.349 


9.!>4 
9.EE 
0.42 


Average  ci 


0.36S 


9.89 


•Average. 

Concrete. — The  concrete  was  deposited  under  water  In  the  open 
colferdams;  a  2  cu.  yd.  bucket,  which  dumped  na  It  atruck  the 
bottom,  being  used  for  this  purpose.  The  concrete  was  mixed  In 
the  proportion  of  1:2:4,  gravel  beltig  uaed  In  place  of  broken 
■tone.     Portland  cements — Victor,  Ironclad  and  Navarlte  brands — 
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were  used.  The  mixing:  «a«  done  by  a  rectangular  horliontal  ma- 
L'hlne  mixer.  The  concrete  was  deposited  contlnuouely.  worlclns 
<1ay  and  night,  SKcepC  In  the  case  of  pier  No.  l.  where  an  accident 
to    the  cofferdam  eldea  caused  an  Interval  o(  several  weeks. 

Tiible  XVir  of  costs  (or  cleaning  and  repairing  Is  for  the  Work 
of.  the  diver  In  removing  nith  hoea.  shovels  and  pumps  the  silt 
which  had  been  deposited  on  the  foundation  site.  The  foundations 
had  been  cleaned  by  the  dredge  several  months  before,  the  work 
of  the  diver  being  to  remove  the  allt  which  had  afterwards  been 
deposited.  There  was  much  soft  material  In  abutment  No.  1, 
owing  to  the  proximity  of  the  embankment.  At  pier  No.  3  the 
cofferdam  rested  upon  a  rock,  which  had  to  be  drilled  and  blasted. 
L.lttle  work  was  required  at  pier  No.  4.  as  the  site  was  compara- 
tively clean.  In  the  labia  for  concreting,  the  high  cost  of  the  work 
OQ  pier  No.  2  was  due  to  the  tact  that  the  concrete  was  iroproperly 
deposited  and  had  to  be  removed.  In  the  same  table,  the  higher 
cost  (or  the  work  under  abutment  No.  1,  was  probabl;  due  to  the 
(act  that  the  abutment  was  so  long  and  narrow  that  It  was  difficult 
to  handle  the  bucket. 

Weight  and  Cost  of  the  Washlnoton  Bridge,  N.  Y.  City.*— In  his 
book  entitled  "The  Washington  Bridge."  Mr.  William  R.  Button 
gives  the  (ollowlng  data  : 

The  Washington  bridge,  across  the  Harlem  River,  was  built  in 
1SSG-1S8S  by  contract.  It  consists  of  two  steel  arch  spans  of  ElO  fl. 
each,  and  six  masonry  arch  approach  spans  of  SD  ft.  each.  The 
width  of  the  carriage  way  Is  EO  ft.,  and  each  of  the  two  sidewalks 
Is  IE  fL  wide.  The  rise  of  the  steel  arches  Is  92  ft.,  the  spring 
line  being  41  ft.  above  M.  H.  W.  The  center  pier  rests  on  a 
caisson  sunk  40  ft  below  H.  H,  W.  The  other  two  main  piers 
required  no  caisson  work.  The  masonry  of  these  three  main 
piers  was  carried  up  to  the  floor  level  of  the  bridge.  The  main 
piers  are  40  ft  thick  at  the  spring  line  and  98  (1.  long.  They  are 
of  concrete,  (aced  with  granite.  Aboie  the  stone  back  they  are 
cellular.  The  total  length  o(  the  bridge  between  abutments  Is 
1,S50  fL  In  addition  to  this  there  are  approaches,  consisting  of 
embankments  supported  by  retaining  walls,  at  each  end  of  the 
bridge. 

The  two  steel  arches  required  l.EOO.OOO  ft.  B.  M.  timber  tor  the 
falsework  (one  span  rested  on  piles),  and  the  six  masonry  arches 
required  1,500.000  ft.  B.  M..  Including  timber  used  In  trestles  (or 
landing  materials.  Elach  of  the  steel  arches  consists  of  S  steel  ribs 
of  ia  ft.  deep. 

The  Buperatructure  of  each  BIO  ft.  long  weighs  1J.0SS  lt>a.  per 
ft.  of  span,  and  Is  designed  for  a  live  load  of  8.000  lbs.  per  (t. 
Of  span.     The  cost  of  this  bridge  was : 

Paid  to  contractors 12,648.786 

Bnglnerlng.  etc.   162.400 

Commissioners'    oOlce    40.E0(I 

Total    J2,8Sl,6g6 

•Enginerrlng-ContractinB.  July  14,  1909. 
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This  la  equivalent  to  123  per  *].  fL  of  roadway  between  tlMf  abai> 
msDta.     Some  of  the  piiacliial  quantltlsa  and  coat  were  as  aolloWEi 

B.3&8  cu.  yda  granite  In  plera  (dreucd) 1203,101 

Z,3D0  cu.  yda  cornice  and  parapet 201, £45 

1B,4S1   cu.  yda  arch  vouseolra 24S.393 

1«,E4E  cu.  yda.  facing' 174,763 

ZR.31S  cu.  yds.  Kianlte  concrete KI.OBS 

31,21B  CU.  yds.  earth  excavation B0.O48 

26,604  cu.  ydg.  roch 39,S11 

12,816  cu.  yda  embankment 7,SS8 

4,0G2  cu.  yda  cslaacn 1S2.3S4 

161,078  >a.    ft.    nagvliiK    (sidewalk) 48,677 

13.T4Z  BQ.  yda  aapliaU  roadway G2.782 

7.548,806  Iba.  steel  In  arch  rlba  and  bracing 777.369 

6.927.818  Iba  Iron  In  posts,  bracing  and  floor 777.359 

1,233,374  lbs,    cast    and    wet    Iron    In    cornice    and 

balustrade   132,2ei> 

The  caisson  foundation  of  the  center  pier  contained  7,726  cu.  yds- 
ot  timber  and  concrete  for  the  40^  ft  below  the  hlghwater  line. 
Which  coat  tbe  city  (30.84  per  cu.  yd. 

The  contractor  paid  the  following  wagea :  laborers,  tl.76  ;  maataiE 
and  atone  cutters,  13.50;  drillers,  |2:  ensinemen.  12.60;  carpenlen. 
til  painter^  }1.76. 

Portland  cement  was  substituted  for  Rosendala  for  about  40  per 
cent  of  the  amount  ot  cement  used,  adding  {32, 000  to  tbe  cost  above 

Coat  of  a  Bridge  Foundation  Excavation  and  Cofferdam. — llr. 
Waller  N.  Prtchstad  gives  the  following  data  on  brldfre  (ounda- 
llon  work,  done  by  force  account,  by  the  Southern  Paclflc  R  R.  la 
Nevada,  year  1902-3.  In  crossing  the  Humboldt  River  the  line 
made  a  very  sharp  angle  with  the  river,  but  a  skew  bridge  was  not 
used.  There  were  two  abutments  and  one  pier.  To  build  the  east 
abutment  an  Z.-ahaped  colterdam  of  sand  baga.  filled  In  betwma 
with  earth,  was  used.  The  long  leg  of  the  I,  was  100  ft.  long,  and 
the  short  leg  40  (t  long.  This  enclosed  a  triangle  of  water, 
hounded  by  the  two  lega  of  the  I.-Bhaped  cofferdam  and  tbe  shore 
tine  of  the  river.  The  sand  filled  ^cks  Were  wheeled  to  place  and 
deposited  by  men  provided  with  long-handled  shovels  and  sticks  to 
guide  them  to  place ;  but  It  was  not  found  practicable  to  build 
the  Backs  up  in  tlera,  for  the  air  speces  In  the  socks  buoyed  tbem 
BO  that  they  were  easily  displaced  by  the  river  curroil.  It  was 
Intended  to  leave  a  3-ft.  i^ace  between  two  tiers  of  sacks,  to  bs 
filled  with  puddles  but  this  space  became  choked  with  sacka  I( 
was  found  Impoaalble  to  pump  out  this  dam  with  a  one-Duui  tmvt 
"deluge"  pump,  so  a  bank  of  earth  was  deposited  outside  of  tbe 
dam  of  aacka  Where  the  current  was  swiftest,  the  earth  ms 
rushed  to  place  with  a  steady  stream  of  wheelbarrows,  the  coarsest 
gravel  being  used  as  a  riprap  on  tbe  loam  and  sand ;  and.  In  vlte 
of  current  of  6  ft.  per  second,  the  embankment  held  Its  place.  Then 
with  4  men  on  a  shift,  two  working  while  two  rested  alternately  In 
15-mlnute  periods.-  the  dam  was  pumped  dry  In  2  days  and  3  lilclil>. 
at  a  cost  of  tl8  per  24  hra  To  reduce  the  area,  to  be  kept  pumped 
out,  a  cross-wall  of  socks,  30  ft.  long,  was  put  In.  About  2,21* 
sacks  were  used,  all  told. 


ThiH  work  cost  as  follows : 

BuUdlne  L.-Bhaped  dam,  S3  days,  at  SI. SO t  T».ep 

Filling  Tcg  slope  wllh  earth.  32  days,  at  11.60 48.00 

Bulldtng  crosB-wall  of  daro.  30  days,  at  tl.60 4S,00 

Excavating  mud  and  loose  rook.  24  days,  al  II. BO..  38.00 
Pumping   until    masons   were    above   water   line,    8S 

days,  at   JI.BO 127.60 

Foreman,  9  days,  at  (3 27.00 

Total    tSeS-OO 

While  the  cnasons  were  at  work  on  the  east  abutment  the  coffer 
dam  o(  the  center  pier  was  built  In  a  manner  that  proved  to  be  the 
cheapest  and  requiring  the  least  equipment  of  all  the  methods  Of 
coirerdammlng  used.  To  get  to  bod  rock  there  were  2  ft.  of  allt, 
7  ft.  of  gravel  and  boulders  and  G  ft.  of  boulders.  Tests  with  long 
drills  had  led  the  engineers  to  believe  that  wild  rock  was  5  ft. 
nearer  the  surface,  tlie  boulders  being  mistaken  for  solid  rock. 
The  pier  was  of  masonry  wllh  a  sharp  nose  at  each  end.  so  the 
colTerdam  was  made  of  similar  shape  and  with  a  length  of  55  ft. 


Pig.  9. — Plan  of  Cofferdam, 
from  noM  to  nose,  and  an  outdde  widtli  of  IE  ft.  The  cofferdam 
consisted  of  sheet  piling  driven  by  hand  as  fast  as  the  excavation 
progressed  Inside,  Just  as  In  ordinary  sheeting  of  a  sewer  trench. 
The  rangers,  or  waling  pieces,  to  support  the  sheet  piling  were 
made  of  8xlT-tn.  Oregon  pine,  drift-bolted  together  to  form  a 
frame,  as  shown  In  Fig.  B.  This  frame  Was  laid  flat  Just  above 
the  surface  of  the  water,  being  temporarily  supported  by  a  bar  of 
river  sand  at  one  end  and  by  a  pair  of  wooden  horses  (4  ft.  high) 
near  the  otiier  end.  These  horses  were  buttt  and  sunk  In  the 
stream,  and  planks  laid  out  from  the  sand  bar.  upon  which  to  push 
the  frame  to  place  on  Hi -In.  gas  pipe  rollers  by  four  men  using 
pinch  bars.  About  one-third  of  the  frame  overhung  these  horses, 
and  the  water  was  7  ft.  deep  at  the  outer  nose  of  the  frame. 
Holes  were  dug  2  ft.  deep  under  the  three  comers  of  the  frame 
that  rested  on  the  sand  bar.  and  temporary  posts  set  in  these  holes 
to  support  that  end  Of  the  frame.  Then  excavation  was  begun. 
8-tt.  length*  of  sheet  planking  or  piling  being  driven.  Btarting  at 
the  nose  of  the  frame.  A  heavy  wooden  maul  was  used  to  drive  the 
sheeting.  When  12  of  these  3x1 2-ln.  sheeting  planks  had  been 
driven  down  a  short  distance,  earth  and  manure  were  piled  out- 
side.   Then  the  lines  of  sheeting  were  continued  out  into  the  river, 
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using  longer  plank.  Finally  sm-eml  of  (he  sheeting  planks  ware 
leniporartly  spiked  to  the  frame,  iha  horses  removed,  and  plank 
driven  to  close  the  saps-  E^rth  anil  munure  were  banked  up  oui- 
Bid«  the  sheeting.  It  was  found  nocessary  to  deflect  the  river  cur- 
rent, which  was  washing  away  this  earth  and  manure,  and  to  do 
this  a  wing  dam  at  saoks  Qlled  with  sand  was  built,  and  coarw 
gravel  and  sand-tilled  sacks  used  to  rlpi-ap  the  outer  end  of  the 
earth  and  manure  till.  The  water  was  readily  pumped  out.  and  Ex- 
cavation beguiL  It  was  found  that  the  sheeting  was  sloping  In- 
ward, so  a  second  frame  was  built  of  G  x  12'b  inside  the  excavation 
and  at  the  bottom  of  the  sheeting ;  then  the  driving  of  tl>e  shee'i- 
tng  was  continued  and  this  second  frame  was  lowered  ns  the  eT- 
caviitlon  progreased.  Once  the  gravel  raved  and  two  sheet  pinnk* 
were   forced    In,   but   quick   work   with   brush,   manure   and   eiirth 


Fig.  10. — Section  of  Coftenlani. 
closed  the  liole.  When  llie  excavation  was  7  ft  below  the  water 
surface,  and  rock  was  not  encountered,  It  was  decided  to  build  a 
third  frame  and  drive  a  second  tier  of  sheet  plank  lnsid«^  and  slop- 
ing outward,  as  in  Fig.  10.  This  was  begun  when  the  How  of  water 
became  so  groat  Chut  o.  6-hp.  Fairbanks.  Morse  &  Co.  combined 
gasoline  engine  and  pump  was  Installed,  und  no  further  dilHculty 
occurred  in  getting  down  to  bed  rock.  The  cost  of  this  pier  ei- 
cuvatlon  by  force  account  Wiia  as  follows: 

Labor  excavating,  etc.,  321  days,  at  tl-^O t    <SS.0O 

Ldbur   pumping.    V-it    days,   at   tl.60 lOt.liO 

Engine- runners.  50  dn.vs,  nt  »3 150.00 

Four-horse    team.    0   days,    at   (G 3(.0S 

Carpenter.   8  days,  at  13 24, OS 

Foreman,  24  days,  at  14 iit.O* 

115  gallons  gasoline,  at  15  els. 11.25 

300  sacks,   at  IB  els 45.0* 

10   M.   of  pine,  at  (30 SOO.OO 

Total   (I,358.»S 

Salvage  value  of  5  M  of  pine  removed 150.00 

Total  tor  280  cu.  yds.  exiavatlon,  at  14.30. .  .11, 20g.:5 


I  have  asBumed  the  prices  and  rates  of  wases  as  above  given. 
■tUliough  In  fact  they  may  have  varied  sUghlly.  The  number  ot 
days'  work  ar_<l  the  amount  ot  materials  la  exact.  It  will  be  noted 
tliat  half  the  timber  In  the  cofferdam  was  recovered  and  used 
elsewhere.  The  cost  of  excavation  was  hlsh,  because  no  derricks 
were  used,  but  the  BhovBllng  was  done  In  Btages ;  moreover,  there 
was  a  large  quantity  of  boulders,  and  trouble  with  pumps  caused 
considerable  delay. 

The  excavation  for  the  west  abutment,  though  much  larger  than 
for  the  pier  just  described,  was  done  In  the  same  manner.  The 
cofferdam  Inclosed  an  L-shaped  area,  about  60  ft.  long  on  each 
leg  of  the  Z.,  and  about  20  ft.  wide.  The  waling  frames  were  built 
In  place  after  the  site  had  been  excavated  to  the  water  level  with 
drag  scrapers,  and  the  second  and  third  frames  In  due  course.  In 
lowering  the  frames  from  time  (o  time  as  the  excavation  pro- 
grsssed.  It  was  found  almost  impossible  to  drive  them  down  with 
a  16-lb.  sledge  or  a  wooden  maul.  Even  a  B-ln.  1 12-In.  s  8-fl.  wood- 
en rammer,  operated  by  two  men,  failed  to  drive  the  frames.  It  was 
found  that  by  loading  the  shoveling  platforms,  2  ft.  wide  by  16  ft 
long,  with  gravel,  one  platform  being  loaded  on  each  side  the  sec- 
lion  to  be  lowered,  a  slight  tapping  produced  any  desired  amount  of 
settling.  The  excavation  was  not  carried  to  bed  rock,  but  the  abut' 
ment  was  founded  on  the  gravel  and  houldara.  at  a  dppth  of  12  ft 
below  the  water  surface.     Tlie  cost  of  this  work  wna  as  follows: 

Team  on  drag-scraper,  18  days,  at  M.SO $       tS.OO 

Laborers,    718    days,   at    JI.BW 1,132.00 

Carpenter.  t&  days,  at  13.00 I06.D0 

Pump  engineers,  140  days,  at  13.00 420.00 

Foreman.    JS    days,    nt    t4.00 HO. 00 

4S    tons  coal,  al   JS.OO 270.00 

~"    (allons  gasoline,  at  16  cts 225,00 


GO  gal 
:  11  k 


lumber,  at  130 660.0B 

Total     $3,006,110 

Salvage  value  of  11  M  lumber  removed 33U.0O 

Total.   700  cu,  yda,  ut  t3-82 CCTS.OO 

Cost  of  Cof(«r  Dam.* — Haj.  Graham  D.  Pitch  gives  the  following: 
A   cofferdam   was  built   en   the   Upper   White   River.   Arkansaa, 
wichln  which  to  build  a  lock.     Common  laborers  received  tl.50  per 
»-hr.  day.     The  work  was  (ione  by  (tovernment  forces. 

The  lock  (No.  1)  was  founded  on  sandstone  bed  rock,  and  as 
(he  foundation  bed  afforded  no  foothold  for  piles,  crib  cofferdams 
were  used.  These  were  buitt  and  vink  In  sections  from  20  to  30 
ft.  loikg,  each  section  consisting  of  round  oak  logs  T  to  9  Ins,  In 
diameter,  drlflbolted  together  with  >V^-ln.  round  iron.  The  walls 
were  tied  together  every  10  ft.  by  a  transverse  crib  wall.  Above 
the  water  the  cofferdam  was  a  continuous  crtb.  The  Inside  faces 
of  both  walls  were  sheeted  with  Ijoards  driven  to  a  good  bearing 
with  hand  mauls,  a  single  row  of  I-ln.  boords  being  used  for  the 
outer  wall  and  double  lap  1-ln.  and  2-ln.  boards  for  the  Inner  wall, 

* Enffinrrrltie-Contractina,  May  6.  1908,  p,  218. 
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The  pens  vere  filled  with  clay  and  the  dam  well  banked  on  tbe 
outside.  The  puddle,  which  was  taken  from  a  bank  nearby,  was 
loaded  by  a.  dipper  dredge  on  a  barge  and  placed  In  the  dam  with 

shovels.  The  Inside  width  of  the  cofferdam  was  lO  ft.  8  Ins..  and 
Its  length  WU.S  462  ft  It  was  built  to  a  !>  ft-  atage  and  hud  an 
Bverase  height  ol  II  fL  The  dam  was  built  In  6  weeks  time  and 
the  pit  was  pumped  out  In  about  11  hours  with  one  10-ln.  centrUugal 
pump,  A  a!4-ln.  pulsometer  pump  was  ueed  to  keep  seep  water  out 
of  the  pIL  There  was  very  little  leakage  except  during  rises, 
after  which  the  dam  always  had  to  be  repuddled,  as  much  ol  the 
backing  whs  washed  away  by  the  swift  current  The  cost  of  this 
cofferdam  wits  as  fallows : 

COF^EH'^AM    (463   I.ltl.   FT.). 

Unit  Per  lln.  (t. 

ifatcrials.-                                      Coat.  Total.  CoSenlam. 

Logs.  30.560  lln.  ft t     .0S6S  H.llE  12-41 

Timber.  3Z.8  M  ft.  B.  M. lO.SO  3«0  .78 

Iron.  8.139  lbs. bZSB  234  .51 

Straw.   IS  loads 1.75  il  .04 

Fuel   177  .18 

Illumination,  oils,  elc 104  .a 

Total  materials $2^011         %i.H 

Quarrying   and   placing   break- 
water stone,   498  cu,  yds.....t  0.71S  f    38S  t  .8S 

ExcHvaclon.  300  cu.  yds 0G2  ISV  .30 

Hauling  lumber,  20  M  ft S6  17  .04 

Placing  logs,    30,560  tin.  fl 02  838  l.tS 

Placing  timber.  32.8  M  ft. 1.73  ST  .i; 

Digging  puddle,  7,860  cu.  yds...        .062  490  1.06 

Placing  puddle.  7.860  cu.  yda..        .i.3  4.179  S.OJ 

Pumping  pit 539  1.17 

Total    »6!"47i       114.03 

Grand  total    »8,*S7        $18.37 

Some  of   the  labor   Items  may  be   still   further-  summarized   as 

Work  doni- 

Work  Labor  time  per  man 

done.  In  days.  per  day. 
Quarrying  and  placing 

breakwater  slone. . . .        498  eu.  yds.  24S  t  cu,  yds. 

EKcai-atlon   300  cu.  yda  05  1/8  3.16  cu.  yds. 

Placing  logs 30,560  lln.  ft.  370  1/8  82.59  lln.  ft. 

Placing  limber   33.8  M  ft.  37  4/8  .8(3  H  ft. 

Placing  puddle T,860cu.yda.  2.t»te/8  S.iM  cu.  yds. 

The  total  labor  time  In  constructing  the  4S2  Hil  ft.  of  cofferdam 
wns  3,660%  days.  The  unit  cost  per  linear  foot  o(  cofferdam  was 
tlS.37  and  the  work  done  per  man  per  day  was  .126  lln.  ft. 
About  90  lln.  ft.  of  cofferdam  was  removed  by  dredge  and  men,  at 
a  cost  of  flSl  :  the  labor  time  being  86%  daya  The  unit  cost  Wat 
11.794  per  lln.  ft. 


Tn   excavating   for   the   foundation   of   the   lock   a   lU    cu.   yd. 
ButyruB  dipper  dredge  removed  from  the  pit,  before  the  cofferdam 

was  closed.  Euch  material  as  It  could  handle;  but  owing  to  the 
large  boulders  encountered  most  of  the  excavating  was  done  by 
hand  after  the  cofferdairt  had  been  pumped  out,  the  material- 
clay,  boulders,  and  cemented  gravel — being  removed  by  whcel- 
ha.rrowB  and  derrick  skips.  The  lockwall  foundations  averaged  fl 
ft.  In  depth  t>elow  the  lock  floor,  the  maximum  depth  being  B  ft. 
E  Ins.  Both  the  chamber  and  miter  wail  were  founded  on  bed  rock. 
The  cost  of  excavation  work  was  as  follows; 

Excavation   (3,636  Cr.  Yds.). 

Unit  Percu.yd. 

Material;  Coat.         Total.    Excavation. 

Dynamite,  600  Iba i0.!4  |      Si  10.023 


^  Total  naterlals t    £13         tO.OGT 

tM3S  11.49 


!S.G48 
6.TSS 


The  total  labor  time  In  days  for  excavating  was  3,13SU  days 
and  the  work  done  per  man  per  day  was  1,16  cu,  yds. 

Cost  of  Placlna  Puddle  In  a  CofTar  Dam  by  Pumping.* — Mr.  WIIl- 
taro  Martin  Is  authority  for  the  following  data: 

In  building  Davis  Island  Dam,  several  years  ago,  a  cofferdam 
1.0SS  ft  long,  containing  6,784  cu.  yds.  of  puddle  material.  Was 
built  by  pumping  the  puddle  from  an  island.  The  cofferdam  con- 
sisted Of  two  rows  of  piles,  (he  rows  being  15^  ft.  c.  to  c.  and  the 
piiee  In  each  row  being  21  ft.  c.  to  c.  The  piles  were  2D  ft.  long, 
and  were  driven  S  ft.  Three  rows  of  wale  plecee  or  stringers 
were  bolted  to  the  Dlles,  12  ft.  apart.  A  single  line  of  vertical 
sheeting  plank,  driven  2  ft.  Into  the  gravel  bottom,  rested  against 
the  walea.  The  Joints  of  Che  sheeting  were  covered  with  1x6  in. 
strips  to  prevent  leakage  of  the  puddle.  On  each  side  of  the 
sheeting,  at  the  top,  was  spiked  a  It  x  10  In.  string  piece,  to  form  a 
bearing  upon  which  a  plank  deck  was  laid. 

The  plant,  as  Anally  developed,  was  as  follows: 

Tubular  boiler.  SB  Ins.  dlam.  x  16  ft-  long. 

Engine,   10  x   la    Ina 

Piston  pump — steam  cyL   12  x  IB  Ins;  water  cyl.  (^  x  18  Ins, 

Centrifugal  pump.   3   in,    discharges. 

Pipes,  etc..  of  the  follawlng  sizes  were  used:  Delivery  pipe,  4-ln. ; 
clearing  pipe,  2H-ln.;  priming  pipe,  114 -In. ;  lubricator  pipe,  l-ln. ; 
steam  pipe  to  engine,  2 14 -In. ;  steam  pipe  to  piston  pump,  2-ln. ; 
band  wheel  on  engine  shaft.  4  ^  f L ;  pulley  on  centrifugal  pump 
shaft,  10  Ins. :  width  of  driving  belt.  10  ina  ;  agitator  hose,  1^  Ins. 

•Sn^neeHn^-ConfrQcllng,  Jan.  6,  1909. 
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The  following  pressures  were  obtained:  Steam  boiler,  IDO'lba.  per 
BQ.  In. ;  gage  on  piston  pump.  TO  ibs. ;  gage  on  delivery  pipe,  36  lb*. 

The  centrifugal  pump  for  pumplog  the  puddle  wae  located  on  an 
Island  SOO  ft.  from  [he  cofferdam.  Beneath  the  pump  waj  a  tank  for 
mlxlnx  the  puddle,  S  fc  diameter  Eind  4  ft.  deep,  sunk  to  a  Bufflcienl 
depth  to  secure  u  fall  of  water  from  a  Hume  that  tapped  the  river. 

The  piston  pump  waa  connected  to  the  deliver;  pipe  by  a  wya 
connection,  and  was  used  tor  priming  the  centrifugal  pump,  and 
keeping  the  sand  from  packing,  and  for  furoishlng  water  for  tlM 
steam  boiler  and  (or  the  agitator  hose,  as  hereafter  descrltjed. 

The  puddle,  consisting  ot  loam  and  sand,  was  obtained  within  a. 
radius  of  lOD  ft.  from  the  pimip  by  loosening  with  a  plow  and 
delivering  close  to  the  tank  with  drag  scrapers.  It  waa  then 
shoveled  by  hand  Into  the  tank,  a  cost  that  could  have  been  avoided 
had  the  scrapers  dumped  through  a  trap  Into  the  tank.  Tha 
material  was  mixed  with  water  in  the  tank  and  kept  agitated  by 
water  from  a  hose  In  the  hands  of  workmen,  to  prevent  the  earth 
from  settling  to  the  bottom.  This  puddle  was  taken  by  the  teed 
pipe  ot  the  centrifugal  pump  and  forced  through  the  delivery  pipe 
to  the  cotferdam.  a  distance  constantly  IncreasinK  pB  the  work 
progressed.  The  delivery  pipe  waa  laid  on  the  bottom  of  the  river, 
and  then  rose  by  an  easy  ascent  to  about  1  fL  above  the  top  ot 
the  cofferdam. 

The  puddle  oecBBlonally  became  so  thick  as  to  clog  the  delivery 
pipe.  In  order  to  meet  this  dlfllculty.  the  following  Ingenious  [dan 
was  devised.  On  the  delivery  pipe  at  the  centrltugal  pump  waa 
placed  a  pressure  gage.  Any  clogging  of  the  delivery  pipe  Im- 
mediately caused  (he  pressure  to  rive,  whereupon  the  englneman 
Blackened  the  speed  of  (he  centrifugal  and  opened  the  valve  In  the 
wye  connection  to  the  piston  pump.  This  admitted  a  stream  of 
clear  water  at  high  pressure  from  the  piston  pump  and  Immediately 
clenred  (he  congestion  of  puddle  in  the  delivery  pipe.  The  check 
valve  in  the  delivery  pipe  between  the  wye  connection  and  the 
centrifugal  pump  prevented  a  back  flow  Into  the  centrifugal  pump. 

At  the  bottom  of  the  feed  pipe  In  the  tank  was  a  screen  having 
1-ln.  meshea  Above  (he  screen,  and  In  the  same  casing;,  was  placed 
a  lent  valve  for  the   purpose  of  holding  the  priming. 

One  of  the  prlnrlpal  dlfllcuItleH  in  woritlng;  the  centrifugal  pump 
was  the  rapid  wear  of  all  its  parts  that  came  in  contact  with  the 
sand.  The  casing,  which  was  originally  4i-ln.  thick,  wore  throu^ 
in  10  days,  during  which  time  not  2.500  cu.  yds.  of  puddle  Were 
handled.  This  was  replaced  with  a  1-In.  casing  which  was  Kill 
In  service  after  the  13  days  use  which  completed  the  Job. 

The  Btufnng  box  wor«  rapidly  until  the  following  InB^nious  device 
waa  applied:  A  screw  was  cut  In  the  chamber  In  the  opposite 
direction  to  the  motion  of  the  shaft.  A  pipe  was  put  In  t>ack  ot  the 
packing  and  connected  with  the  piston  pump.  Water  was  forced 
through  this  around  the  shaft,  and.  being  under  a  greater  presMr* 
than  the  centrifugal  pump,  prevented  the  puddle  material  from 
getting   Into   the   stuffing   box.      Water   thus   applied   performed   a 
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ilouble  duty,  for  it  acted  as  a  lubrication  and  prevented  the  shaft 
trom  heailnK. 

At  the  discharge  end  of  the  delivery  pipe  the  puddle  material 
wan  deposited  in  the  cotterdani  and  flowed  off  lor  a  distance  of  a 
few  hundred  feet,  depoeltlng  In  a  hard  and  solid  maSB.  The  loarn 
being  lighter,  remained  longer  In  suspenslan  and  settled  out  on  top 
>f  the  sand. 

In  23  days  there  were  delivered  E.TS4  cu.  yda  of  puddle  material, 
or  2G1  cu.   yds.  per   10-hr.  day.     Laborers  received   tl,75  to  $2  a 
day,  and  mechanics  |2.G0  to  |2,T5.     The  cost  was  as  follows: 
Plant: 

Pump  I    146 

Repairs,  flttlnss,  etc 382 

Pipe    as* 

Total  coat  of  plant t    891 

Labor: 

InstalllnB  plant  nnd  pumping  puddle,   removing 

plant,    etc ti.H"! 

Fuel: 

23  days  fuel %      38 

Total  labor  and  fuel ta.gSE 

It  will  thus  be  seen  that  the  cost  of  lalMir  and  fuel  for  Duddling 
amounted  to  (265  per  lln.  fl.  of  cofferdam,  or  60  cla  per  cU.  yd.. 
Including  the  labor  cost  of  InstalllnB  the  planL  It  la  unfortunate 
that  this  item  of  Installation  and  removal  of  plant  was  not  kept 
separate,  as  It  was  evidently  a  large  Item.  The  fuel  cost  only 
tl.OE  a  day,  or  K  ct,  per  cu.  yd.  The  lal>or  during  (he  23  days 
of  pumping  could  probably  nol  have  exceeded  4  cts.  per  cu.  yd. 
for  pumping  and  pipe  laying.  With  a  haul  averaging  about  £0  or 
GO  ft.  tor  the  drag  scrapcm.  the  cost  of  delivering  the  puddle  along- 
side (he  lank  probably  did  not  exceed  10  cts.  per  cu.  yd.  Shoveling 
it  Into  the  tank  doubtless  cost  less  than  10  cts.  per  cu.  yd.  This 
would  make  a  total  of  not  more  than  25  cts.  per  cu.  yd.  for  the 
puddle  In  place,  exclusive  of  plant  charges  for  interest,  depreriallon. 
repairs  and  Installation.  Apparently  the  Installation  and  removal 
of  the  pumping  plant  cost  at  least  tl-BOO.  The  plant  Itself  cost 
1891.  as  above  given.  The  exceptionally  high  cost  of  Installation 
appears  to  have  been  due  In  part  to  liie  experimenting  Incident  to 
developing  the  best  way  of  handling  the  material,  most  of  which 
cost  can  be  saved  by  studying  the  Anally  adopted  methods  and 
devices  above  given. 

For  comparative  purposes  It  Is  well  to  add  the  following  costs 
of  tilting  another  section  of  another  cofferdam  nearby  by  another 
method.  The  other  section  was  1.IS6  (t.  long,  and  It  cost  |S.69 
per  lln.  ft  for  puddle  In  place,  or  practically  tl.lO  per  cu,  yd.  of 
puddle.  The  method  employed  consisted  In  loading  the  material  by 
hand  into  cars,  hauling  it  over  a  narrow  sage  track  to  the  river, 
loading  Into  boala  and  transporting  to  the  cofferdam.  Mioveling  by 
hand  into  place,  and  compacting  with  water.  Wages  were  only 
I1.2E  a  day  for  laborers,  and  fS.SG  for  mechanics. 
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Th«  Con  of  Soma  Maionry  Brlda*  Pier*  and  Abutmanta.* — Same 
fairly  complete  <lata  as  to  the  coat  o(  conatnictlns  bridge  maaonry 
are  given  below.  The  work,  which  was  done  by  contract  tor  the 
Chicago  A  West  Hlchlg&n  Ry.,  conMated  of  the  conBtrucllon  at  a 
pier  and  abutment  at  New  BultBlo,  Ind..  to  carry  the  tracks  of  tiie 
above  road  Over  the  Michigan  Central  R.  R.  Work  waa  atm- 
menced  Aug.  H,  18S1.  and  waa  flniahed  Oct.  27.  ISSl.  taking  In  all 
GG  working  daya. 

The  average  working  force  and  (t»  wages  per  day  wer«  aa 
follows: 

I  Foreman   tZ.BO 

1  Englneman     3.00 

4  sionecuttera    S.ao 

1  Maaon    2.&0 

9  Laborers    1-50 

Prom  tbia  it  will  be  aeen  that  the  total  lal>or  cost  per  day  waa 
taz.fiO.  and  the  total  coat  for  56  days  was  tI.K£E. 
The  coat  of  the  labor  waa  distributed  as  foUowa: 

Cu.  yd*  Cost  CO.  yd. 

]i:vcavatlng,    abutment SSS  flSS  tO.151 

Kxcavating    pier 2S2  4B  0.194 

Cutting   stone.    -"- ""  '"  '  °* 

Cutting  stone,  uic 
Setting  stone,  abui 
Setting  stone,  pier 
"   'lading  Ktone  tr< 


Unioudl. 


To  the  above  should  be  added  tB6.50  as  the  coat  of  erecting- 
and  moving  the  plan:. 

The  total  cost  of  (he  work  to  the  contractor  amounted  to  (1.8S3. 
as  Is  shown  by  the  following  Sgures: 

Labor     |J,S25,nO 

78  bblB.  l.oula\Hle  and  Hlller  ceraoit....        7S.0a 

8  bbla   Buckeye   cement 30.00 

40  yda.     cand 30.00 

10%  of  value  of  plant 300.00 

Total     11,883.00 

According  to  the  estimate  on  which  the  contractor  was  paid  he 
was  to  receive  fE.EO  per  cu.  yd.  for  masonry  cut  and  placed,  and 
10.25  per  ru.  yd.  for  excavation.  As  444  cu.  yds.  Of  masonry  were 
constructed  and  1,100  cu.  yds.  of  earth  excavated,  the  contractor 
received  13.148.60.  Hia  total  expenaeB,  ai  shown  In  the  pr«eadlnK 
pnmgraphH.   were  fl.SGS:    therefore  he  made  a  profit  ot  tl.tSG.GO 

The  total  coBt  of  the  Chicago  A  West  Ulchtgan  Ry.  wa» 
15.834.65;  this  Includes  the  estimate  of  t2.148.tO  and  the  furnish- 
ing of  435  cu.  yds.  of  stone.  roMlng  |S.29  per  cu.  yd. 

The  stone  ueed  was  Orafton  sandstone  delivered  on  cars  at 
Ia  Porte.  Ind.     It  should  alio  be  added  that  tha  amount  given  for 

•Knglncertng-Contractlno,  May  80,   19fiS. 


Coat  of  a  Maionry  Bridg*  Abutmant.* — We  rive  herewith  the  coat 
of  conatnictlnB  the  west  abutment  o(  a  flD-(t.  through  girder  bridge 
near  Ionia,  Mich.,  where  the  Detroit.  Lansing  A  Northern  R.  R 
croaaea  Priaon  Road.  The  work  was  done  by  contract  (or  the 
above-mentioned  railroad.  According  to  the  terms  ot  the  contract 
the  railroad  compan)'  furnished  the  stone  and  free  transportation 
of  men  and  maCerlala :  the  contractor  furnished  all  other  material 
and  labor,  and  In  addition  was  paid  for  all  timber  left  In  the  con- 
slruction.  TIIb  plant  consisted  ot  a  steam  hoist  derrick  with  accom- 
panying tools,  etc.  The  stone  used  was  sandstone  from  Grafton.  O., 
and  was  delivered  f.  o.  b.  Detroit.  The  average  weight  of  a,  car- 
load of  atone  waa  33,873  Iba.  and  the  average  carload  contained 
203  cu.  It.  The  average  weight  per  cubic  foot,  according  to  car 
weights  and  quarry  meaaurementa.  waa  1G8.S  Iba.  Hanover  Port- 
land cement  was  used,  and  on  account  of  the  low  temperature 
when  the  work  was  done.  It  was  necessary  to  add  salt  to  the  mor- 
tar. In  the  excavntlon.  the  removal  of  excavated  matter  was  done 
almost  entirely  with  wheelbarrows.  The  excavated  material  waa 
sand  and  waa  wasted.  The  overhaul  was  only  a  abort  distance,  the 
lead  being  hut  TE  ft.  Tlie  work  of  excavating  waa  commenced 
November  18.  1893.  the  first  atone  waa  laid  December  S.  and  the 
last  stone  Januarj-  7,  1891;  two  days  later  the  contractor  finished 
removing  hla  plant.  Aa  will  be  seen  from  the  above  dates,  the 
work  was  done  In  the  winter,  and  thia  accounts  In  a  measure  for 
the  higher  cost  of  etonecutting,  etc  Indeed,  It  was  necessary  to 
use   heated   sand   to   remove   the  froat   from   the   atone   before   It 

The  tablea  below  give  the  actual  cost  of  materials  ejid  labor  to 


14"^  bbla.  Hanover  Portland  cement  at  I2.8B t  »8.3: 


ErtcUng  and  Removing  Plant. 

Foreman    2.2  days  at  |3.00 

Foreman     4.2  "      "       1.76 

Lai>orers     29.7  "              1.60 

Englneman     2.2  "      "      1.76 


'Engineering-ContraetinB'  May  3 
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'SI 

1.G0 

1114.08 
|1.|» 

DnlMUifnir   n<m«. 

ta.oo 

—rr 

StonecHttlno. 

iaS!r„::::.::.::::::  V    -  : 

1810.45 

•fii." 

Setting  Stone  (n  Abntme 

:  is 

tltS.»3 

La„ 

iN0  atone  (n  fictalnmjj 

Volt. 
.50 

Old  Mo»onrii  of  West  Almtmmt  T 

o«m. 

Preparine 

Sort    Xftu(m«i«   for   B 

rldet 

Seat. 

Total    

PoinUna. 

18.10 

f!.40 

Total 

Foremnn    3.*  daya 


Derrlckman 


3,fi        " 


e.30 

S.10 


Total,   380  cu.   yds.  at  tO.Z3 I8C.23 

The  total  tabor  cost  to  the  contractor  mia  t9E2.38.  to  ihlR  must 
l>e  added  tlZO-00  for  depreclstlon  and  repairg  to  plont.  and  tlll.SS 
for  the  coat  of  materlalB,  thus  making  the  total  coat  to  the  con- 
tractor for  material  and  lalMr  amount  to  tl.I14.21. 

The  fltinl  eWlmate  of  work  done  by  the  contractor  and  thp  unit 
rate  at  which  ho  was  paid  for  It,  wero  as  follows; 


180 


I.  yds.  excavation  at 

I.  yds.   backflUlng  at 

I,  yds,  masonry,  cut  and  plar«  at 

I.  yds.  masonry  (retaining  wall) 


..lO.SI 


0.25 


"Ti.^ 


taken  down  n 


^^JI^ 


Fig.    it. 

The  cost    to   the    Detroit    Lanalng   &    Northern   R.   R.   was   as 

les.S   cu.   yds.   Oration   atandstone  at   16.021.   f997.23 ;    amount 
paid  contractor.    11.478.73:     total.   »2,476.»S. 

The  (MMt   per  cubic  yard   of  masonry   to  the  railroad  company 


(vail  moaauremenl),  total  cost,  t9S7.22 ; 
1.72  cu.  yds.  of  stone  cut  and  placed,  cost 
ost  per  cubic  yard  of  masonry  Is  there- 


181.72  cu.  yds.  of  stone 
per  cubic  yard,  J5.48:  181 
fO.IS  per  cu.  yd. :  total  c 
fore  IU.637. 

Labor  Cost  of  •  Briitge  Abutment.* — The  work  n-aa  done  by  con- 
tract during  the  fall  of  1S93  for  the  Detroit,  Lansing  ft  Northern 
R.  R.  near  Redford,  Mich.  Figure  11  ehows  plan  of  the  abutment. 
According  to  the  terms  o(  the  contrapl.  the  railroad  company  fur- 
nished the  stone  and  free  tranaportatlon  of  men  and  matertnls,  and 
the  contractor  furnished  all  other  material  and  labor,  and  In  addl- 

,      'EHBineerlno-Conlmettno,  June  S,  1906. 
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tlon  was  paid  for  all  timber  left  tn  the  construction.  The  stone 
used  was  sandBtone  from  Qiatton,  O.,  delivered  t.  o.  b,  Detroit. 
Mich.  The  average  welglit  of  (be  stone  per  carload  was  ll.lDtl  lt>8. ; 
llip  average  number  of  cubic  teet  per  carload  vas  'H3.  Tlie  average 
weight  of  a  cubic  foot  of  the  stone  as  aiaputatod  from  the  car 
weights  and  quarry  measurements  was  1T4.4  lbs.  It  should  be 
noted,  however,  lluit  the  true  dlmenelons  of  ttie  stone  were  con- 
siderably larger  than  the  quarry  meaaurementtL  and  this  account* 
tor  the  apparent  large  wel^t  per  cubic  foot. 

Buffalo  natural  cement  was  used  In  the  greater  part  of  the  work, 
but  Dyckerhoff  Portland  cement  was  used  for  pointing  and  for  toiata 
In  the  face  of  the  work  ns  far  ns  10  in.  back  from  the  faca  The 
Band  was  obtained  from  the  property  of  Iha  railroad  company,  tlia 
only  coat  to  the  contractor  traing  for  the  loading  and  unloadlos. 
The  material  excavated  was  sand  and  clay,  and  was  removed  from 
the  excavation  by  wheelbarrows  and  by  boxes  holding  about  1 H 
cu.  yds,,  which  were  lifted  out  by  the  derrlclc.  The  greater  part  of 
the  exca\Ti(ed  mnterlal  was  removed  by  the  latter  method. 

The  contractor's  plant  consisted  of  a  steam  bolst  derrtck  and  a 
hand  derrick.  For  driving  the  sheet  piling  a  smalt  mon-poirer 
driver  was  constructed.  This  was  built  with  on  oak  driver  wetch- 
Ing  125  lbs.,  and  having  a  drop  of  about  4  ft.  The  sheet  plllns 
was  double  and  triple  1  In.  k  1!  In.  oak.  10  ft.  long,  and  was 
driven  S  ft.  through  clay  and  coarse  gravel.  The  contractor  itegnn 
erecting  his  plant  September  7.  1S93.  On  Sentember  11  eicava- 
tlon  was  started,  and  October  !  the  flrst  stone  waa  laid ;  the  last 
stone  wii9  laid  Novemtior  IH,  and  one  week  later  the  contractor 
finished  removing  his  plant 

Erectitig  atid  Hfmo«iH(r  Plant. 

Foremnn     fi.5  days  at  1^.50  flS.Tli 

I-aborers     E!>.4        '■      "      l.BO  83.10 

Englneman    1.8        "      "      1.7B  3.15 

Total    1100.00 

Enrlh   Ercavatian,   Wet  and   Dru. 

Foreman     IS.S  dava  at  t2-50  t  3!.:5 

Laborers   197.8             "      1.50  Ks.'o 

Engine  ■  "       -..---  


Total,  1.032  cu.  yiia  n1   JO. 21 

Piimpltig  Water. 

Laborer     6.3  days  at  ll.BO 

Itaking  Sherl  Pile   Driver. 

Foreman     0.8'  davs  at  18.60 

■Water  boy! !  i .' ! ! !  I ! ! ! ! ! !     o!l6     "      "      o!7B 
Total    
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Driving    Rheel   PiHitg 
4.4  days  a 

12.50 

1 

Water  boy   

12  eta.  p«r'  ft. 

Concr  fir. 

I2.R0 

§1 

the  labor 

^^"     

Water  boy 

U 

nloaiHnff  Stone  from  Cl\ 

11 

i.ao 

•:S 

.  0 

■J 

Total.  «S7'^ 

cu.  yds.  at  lO.!? 

fTTOi 

ISJKSh  ■.•;;.■ 

:v::::::.'\%    "■■  ■ 

Water  boy   

Total,   eS7% 

Setting  "tone. 

■| 

Water   boy 

Total.  65714 

Mason    

PolntinQ. 

10  daysa 

Loading  Sand. 

%  -.no 

:5o 

JlS.Oft 

BnckftlUna. 

LaborerB    

Flnglneman    

in 

watM^S^T.::: 

Total.  798  cu 

^'        "      ■■ 

DItchlnp. 

ll.SO 

Tear  Doten  OM  Abutment  an. 

I  Load. 
(2.50 

$80.55 
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Of  the  1,631  cu.  yds.  o(  earth  eicavKtlon  there  were  1,:60  cu. 
yda.  dry,  and  3T2  cu.  yds.  weL  The  dry  eicc&va.tloit  cost  ):a3.0S. 
or  ZO.g  clB.  per  cu.  yd.  The  labor  at  the  wet  ezcavaUon  coat  MS.7S. 
or  23  cts.  per  cu.  yd,,  to.  which  must  be  added  nearly  3  cts.  for 
pumplDK  and  T3  cts.  for  the  labor  of  drlvlns  the  sheet  piles.  In- 
cluding the  labor  of  making  the  pile  driver.  This  makes  a  total  of 
89  els.  per  cu.  yd.  for  the  Inbor  of  the  wet  excavation ;  but  In  addi- 
tion to  this  there  was  nearly  9,000  ft.  B.  H.  of  oak  sheet  plllnc 
which  at  til  per  U  (a  very  low  price),  would  add  another  |180. 
or  nearly  St  rta  per  cu.  yd.,  making  the  total  cost  nearly  11.33  per 
cu.  yd,  for  the  37!  cu.  yds.  of  wet  excavation.  Had  the  sheet 
piling  timber  cost  |20  per  M.  the  total  cost  of  the  wet  exca-i-a- 
yon  would  have  been  about  (l.BO  per  cu.  yd. 

The  total  labor  cost  to  the  contractor  was  t2,G5!.0S.  To  thla 
■mount  muBt  be  added  the  following: 

lOrl  value  of  plant  for  depredation  and  repairs. , .  .1140.00 

8,933  ft.    B.  U.  oak  piling  at   iU 1X5.00 

215    bbls.    Buffalo    cement    at    tO.SS 1SZ,75 

7%    hWs.    Dykerhoft    cement    at    |3.00 22.50 

Coal  for  engine     BB.SO 

Coal  for  blacksmith      3.40 

ToI:i1     t3S9.5ft 

Time  woik    9S.S7 

The  total  nriUHl  cost  to  the  conlruclor  fur  lubor  and  materials  Is 
accordingly  t2,5S2,03  +  »3R9,S0  +  t95,6:  =  IJ.177.10.  As  la  shown 
In  the  succeeding  paragraphs  (he  railroad  company  paid  the  con- 
tractor 15.17:. 76  on  the  final  estimate  of  the  work  done,  thus  giving 
him  a  proftl  of  »°.20«.B6. 

In  the  following  tabic  la  shown  the  Rnal  estimate  of  the  amount 
of  work  linne  by  the  contractor  and  the  unit  rate  at  which  he  was 
paid  by  the  railroad : 

1,280  cu.  yds.  dry  excavation  at «.2(h 

8J2  cu.  yds.  wet  excavation  at 7S 

I7.K  i-u.   yda   ditching  at 2B 

796  cu.  yds.  buck  flUlng  at 25 

67  cu.  yds.  concrete  at 3.TS 

657.5  cu.  yds.    masonry  at 6.111 

90.4  cu.  yda  old  abutment  torn  down  at 1.00 

Total     16.273.63 

In  addition  the  contractor  was  paid  for  the  timber  left  In  th« 
structlon  and  fur  time  labor,  the  unit  costs  balng  as  follows: 

8,932  ft.  B.  M.  oak  sheet  piling  at $14.90 

8     diivS  labor  night  watchmen  at l.JB 

41       days'   labor  night  watchmen  at '...,.      1.50 

2.8     days'  labor  changing  braces  at 1.50 

13,25  days-  labor  excavating  at l.KO 

Total    I15.G7 

The  contractor  was  paid  10  per  cent  of  this  last  total,  or  tt.Gt. 
for  use  of  tools,   etc.,  making  35,377.76  as  the  total  amount  paid 


him  on  the  Rnal  estimate.  As  the  railroad  company  fumlahei]  the 
stone  the  grand  total  cost  of  the  work  to  It  was  as  follows: 

600      CD.  y<1s.   stone  at   tG.S9 t3,53S.flE 

•  4.G  ru.  yds.  broken  stone  at  iLin ST. 71 

Amount  paid  contractor G,ii*T.T6 

Total  cost  of  work IB,99S.B2 

'  The  cost  to  the  railroad  company  of  masonry  per  cubic  yard  was 
aa  follows:  S5T.&  cu.  yds.  stone  (Inld).  cost  t3.G33.0S,  t5,37  j^t  cu. 
yd.;  667.6  cu.  yds.  stone  cut  and  set,  IS.I5  per  ru.  yd.  (contract 
price)  ;    total,  til. 62  per  cu.  yd.  of  abutmer.t  r 


Pig.  IZ.— Bridge  Pier. 


Cost  of  ConcraU  Foundations  for  a  Railway  Brldga.— Mr.  J.  Guy 
Hull  is  authority  for  the  following  data.  The  original  Calf 
Killer  Blver  bridge  on  the  Sparta-Bon  Air  extension  of  the  Nash- 
ville. Chattanooga.  SI.  Louis  By.  consisted  of  two  end  piers,  one 
middle  pier,  and  a  stem  wall  at  each  end.  carrying  Phoenix  column 
deck  trusaes  at  the  Warren  type.  The  distance  from  base  of  rail  to 
bridge  seat  was  26  fl-  l  Ui  Ins.  In  1905  the  old  superstructure  was 
replaced  by  four  Bfana  of  75  ft.  deck  plate  girders,  two  new  con- 
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crate  piers  belnc  conBtnicted  and  tbe  old  masoniy  piers  built  up 
with  concrete.  Flgurea  12  and  II  eboir  orransaEneDt  plans  and 
elevation  o(  tbe  piers. 

BrIeBy  de«crlbed.  Uie  metbod  of  construction  was  as  follows: 
Tbe  end  pieces  were  built  up,  the  end  vertical  posts  and  end  bnurea 
being  encased,  the  latter  belns  removed  when  the  old  structure  was 
taken  down ;  the  two  new  piers  were  Dnlshed  complete,  the  bara  of 
the  lower  chords  of  the  old  bridge  being  boied  around,  and  after 
the  old  bridge  had  been  removed  theee  slots  were  niled  wtth  con- 
crete ;  on  both  sides  of  the  old  middle  pier  falsework  towers  sunl- 
clently  BtrotiK  to  support  the  ends  of  the  new  girders  were  erected, 
and  after  the  old  spans  had  been  taken  down  and  the  new  Eupar- 
structure  put  In  place,  the  pier  was  built  up. 
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Fig.    13.— Bridge  Plera 

The  old  masonry  was  built  up  of  concrete  to  the  flnlah  for  7-fL 
deck  plate  girders,  using  vertical  faces  and  not  exceeding  the  stxe 
of  the  old  plera  The  length  of  tbis  top  secUon  on  the  old  ma- 
■onrr  was  14  ft.  on  each  o(  the  plere.  and  the  design  of  the  new 
piers  was  similar  In  slie  and  shape  t«  the  old  mld-pter  with  Its 
new  top  section. 

jflxjnD  and  Placing  CormrelB, — The  aand  and  aggregatOb  couslat- 
Ing  of  blast  furnace  slag  obtained  from  South  Pittsburg,  Tenn.. 
were  unloaded  from  cars  to  platforms  on  a  level  with  the  top  of 
rait,  placed  about  100  ft.  south  from  tbe  south  end  of  the  bridga. 
A  cubical  form.  1-8  cu.  yd.  capacity,  concrete  mixer  was  liMd.  This 
was  operated  by  a  gasoline  engine,  and  was  located  on  a  platfi»in 
about  SO  ft.  south  of  the  south  end  pier.  A  tank  near  the  mlier 
to  supply  water  was  elevated  enough  to  get  the  dpslred  bead,  and 
was  kept  Oiled  by  a  pump  run  by  another  gasoline  engine  located 
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down  by  th«  river  bank.  The  cement  bouw  wa«  located  between 
the  mixer  platform  and  alaft  ptie. 

Stag  and  >and  were  delivered  to  the  mixer  by  means  of  wheel' 
barrows.  The  mixer  wa,s  ao  placed  that  it  would  dump  onto  a  plat- 
form, and  the  concrete  could  then  be  shoveled  Into  a  specialty  de- 
signed narrow-SBKe  car.  This  car  ran  on  one  rail  of  the  main 
track  and  an  extra  rail  outside.  A  turnout  for  clearlns  pesalnK 
trains  was  provided  at  both  enda  of  the  biidKC.  The  track  over  the 
bridge  from  the  mixer  had  a  descending  grade  of  about  1  per  cent, 
so  that  with  a  little  start  the  concrete  car  would  roll  alone  down 
to  the  required  points  on  the  bridge.  Only  In  returning  the  empty 
cars  to  the  mixer  was  It  necessary  to  push  it  by  hand,  and  then 
only  for  a  distance  of  never  more  than  4D0  ft. 

Over  the  piers  on  the  bridge  In  the  center  of  the  concrete  car's 
track  openings  were  sawed  to  let  the  concrete  peas  to  the  forms 
below.  To  get  the  concrete  Into  the  forms,  there  were  used  ilgzag 
chutes  with  arms  about  10  ft.  Ions,  which  sections  were  removed 
as  the  concrete  In  the  forme  were  Increased,  This  chute  was  a 
convenience  by  Its  end  alternating  from  one  side  to  the  other  aa 
the  arms   were   removed   In   coming  up. 

Coat  Data  on  tits  Foundation  Worlc — The  foundation  work  v>a* 
built  by  the  railway's  masonry  gangs,  the  work  being  commenced 
about  ]une  30,  ISOS,  and  finished  complete  about  Dec.  1  of  the 
same  year.  The  girders  were  furnished  and  placed  by  a  bridge 
company. 

In  Table  XV1IT  the  wages  per  day  are  the  average  rates.  The 
men   worked   10  hours  each  day.     The  concrete   was  mixed   tn   a 

I  :  3  :  ■  proportion. 

Tablk  xviri. 
Utttoading  Maifrtaia. 

Rate      Total  days  Con- 

per  day.     worked.     Total.        crete. 

Foreman     13. <n  5  IIT.OO  (0.04 

II  laborers     l.M  S/10     52  71.14  .15 

Total   for   unloading  material tO.19 

Buitdina  Formt,  Bins,  Etc. 

Foreman    JI.10  18         tei.20  tO.H 

9    carpenters    3.26  1S8          373.S0  .81 

New  lumber,  28.7  U  ft.  at  117.80  421.g6  .S2 

Old   lumber,    E   U    fL  at   (8.33 49.98  .11 

Total   for   Inilldlng   forms,   bins,   etc $I.9S 

Cofferdam  Excavation  iiS  Cu.  Ydi.J 


t*-40  8  |!7.Z0  lO.Ofi 

»   laborers I.IG  6/10     T4K        B«  12  .19 

Total  for  cofferdam  excavation (0.25 
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ColTerdam  Cener«t«  (SI  OH.  Tda.) 

Forenun     11.40  S         12*. SO  tO-OI 

11    laborers    l.S«  3/10  TS         lOT.eS  .21 

Co(ter<lam  lumber,  i.th  M  ft.  Rt 

120.00     4S«0  .09 

Total  (or  cofTerilatn  concrete   fO.JS 

Conertte  tflxinp  md  Placing. 

Foreman      13.40  SO       $102.00  (0.22 


Cement,  45!  bbls.   ut   (1.55 T01.5<  1.1 

aian.  4i7  CO.  yim.  at  (0.20 87,40 

Sand.   220   cu.   yd*,   at   fO.aO GE.OO 

Total    for   rolxlng  nnd   pladnK f--' 

Taking  Doien  Form*  and  Ctearing  Up. 


..tt.40  IS  (44.20  |0.«9 

. .    LIT  I4t         107.31  .!« 

liOO.OO         "»0.4B 


Grand   total.    400   cu.   yda   concreto t0.4t 

The  cofferdHio  work  irai  done  In  cotmeeUon  with  the  <m»tn]o 
tlon  of  the  fourth  pier,  thia  pier  beinc  the  Only  one  ccnnliuc  In  the 
bed  of  the  river  to  be  built  ontlrelr  now.  The  work  OB  this  wai 
started  in  water  about  8  ft.  deep.  The  17  cu.  yds.  of  concrete  are 
included  in  the  total  of  400  cu.  ydiL  In  the  above  tabulation.  By 
Itself  the  cost  of  the  cofferdam  work,  not  Includlns  coM  of  oraient, 
sand  and  (lag.  was  ai  followe : 

Total.  Concrete. 

Lumber    1  46.00  11.11 

Ijibor,   excavating    111.32  3.0« 

Labor,    concrete     134.98  3.61 

Total   S7  cu.  yda  concrete 17.11 

Ceat  of   a   CotTenJam   and   Cwiorete  pier  on   pile   Foundation, — 
The  (ollowlng  waa  published  In  BnglmteriHt-CimtraaHno,  Mar  H, 
HOT: 

This  pier  (PIR.  It)  was  buiu  in  water  avoradiut  S  ft.  deep.  The 
cofferdam  consisted  of  triple-lap  sheet  piling,  of  the  Wakefield  pat- 
tern, the  planks  being  2  ins.  thick,  and  q>lked  together  so  as  to 
give  a  cofferdam  wall  0  Ina  thick.  The  cofterdain  enclosed  an 
area  14x20  ft.,  giving  a  clearance  of  1  ft.  all  around  the  base  of 
the  concrete  pier,  and  a  clearance  of  S  ft.  between  the  coRerdan) 
and  the  outer  edge  of  the  nearest  pile.  The  cofterdain  sheet  piles 
were  IB  ft.  long,  driven  11  ft  deep  Into  sand,  and  projecting  I  ft. 
above  the  mirtoco  of  the  water. 

base  resting  on  the  foundation  plies  was  ISxlS  ft. 
pier  resting  on  this  base  was  7x11  ft.  at  the  bottun. 


6x11    ft.   at   Ilie  top.      Tlie   pier   aupporled    dei"k    plate  glrderB. 
e  were   100  ru.  )*i)s,  of  concrete  In  the  pier  and  baae. 
e   cost    of   this  pier,   which    Ib    typical    □(   several    others  built 
le  same  time,  whs  as  follows: 
Seltlnff  I'p  ana  Taktng  Doten  Derrtck  and  Platform — 
4  days  foreman   at   »B.O0 |20.00 

tdaya  onKlnetnnn  hI  »3.00 1.2a 
days  bInclCBmUli  nt  t3,00 f.S5 
days  blncksmtth  helper  at  JJ.OO l.BO 


Fig.  14— Bridge  Pier  on  Piles. 

ColTerdain—- 

7  days  foreman  ol  15.00 (36.00 

«  days  enKlneman  ul   (3.00 13.00 

38  days  laborers  at  tS.OO TS.OO 

1  ton  cool  at  (3.00 ^ 3.00 

Total  Inbor  on  T,»00  ft.  &  H.  at  (10.00. (126.00 
7.900   ft.    B.   M.    at   (20,00 158,00 

Total   tor    5S    cu.   yds.    escav.    at    (5. .(231.00 
Wet    Excavation— 

1.8   days  foremnn   at    (5.00 (9.00 

1.5   days  englnenian   at   (3.00 4. SO 

9   days  laborers   at    (2.00 IS.OO 

H    Ion  coal  at  (3.00 l.EO 

Total  labor  on  68  cu.  yds   at  57c (33.00 


HANDBOOK  Of  COST  DATA. 

FouitdatUm  PUet — 
at  lOc 
9«r  dor  tor  labor  and  fuel-.T. ..  SD.OO 


10  Un.  ft.  at  lOc 198.00 

days  BettlnK  up  driver  and  driving  H  piles 


Concrete — 

100  cu.  yds.  Btone  at  fl.OO (lOO.DO 

40  cu.   yd*,   sand   at   SO.GO iO.OO 

100    bbl*.    cement   at    ti-OO 200.00 

S  day*  foramBD  at  tB.oo is.oo 

SO  days  laborer*  at   tlOO 100.00 

G  days  enElneman   at   I3.0O IS.OO 

2  ton*  coal  at  (3.00 6.00 

Total,   100  cu.  yds.  at   M-OO S4««.0O 

■  days  carpenter*  at    fl.OO I  24-00 

2,400    ft.    B.    M.    2-ln.    plank   f    •-' "-  '" — 


1,000 
Nail*. 


R   U.    4zfi-ln.  Mud*  Bt  120.00 20.00 

Ire.   etc Z.OO 

Total  form*  for  100  cu.  yda  at  tl.Ofl.-floe.OO 


derrick,     etc t  7 

(7.000    (t.    B.    M.) 28 

..    »tlon    (Eg  cu.  yda) 3 

Foundation  piles   (24) ITC.OO 


Wet  excavation   ( Eg  cu.  yda ) 33.00 

Foundation  piles   (24) ITC.OO 

Concrete    (160    cu.    yda) 486.00 

Form*   (3.400  It-   B.   M.) 106.00 

Total    II.13S.O0 

Tranaportlng  plant    20.00 

SO  day*  rental  of  plant  at  fS.OO lOO.OD 

Total  cost  of  pier  tl,2S2.00 

ReKardlng  the  Item  of  plant  rental.  It  ihould  be  Said  that  the 
plant  conslBted  of  a  pile  driver,  a  derrick,  a  bolMng  enslne,  and 
sundry  timbers  for  platforms.  There  was  no  concrete  mixer. 
Hence  an  allowance  of  IG  per  day  for  use  of  plant  I*  miRlclent. 

It  will  be  noted  that  no  salvage  has  been  allowed  on  the  lum- 
ber for  forms.  As  a  matter  of  fact,  all  this  lumber  was  recovered, 
and  wa*  used  again  tn  similar  work. 

Referring  to  the  co*t  of  cofFerdam  work,  wo  see  that.  In  order 
to  excavate  the  G8  cu.  yds.  Inside  the  cofferdam,  it  was  necessary 
to  spend  1284.  or  nearly  |G  per  cu.  yd.,  before  the  actual  ercavatlon 
was  begun.  The  work  of  excavatloK  cost  only  G7  eta  per  cu.  yd., 
but  this  does  not  Include  the  cost  of  erecting  the  derrick  which  was 
used  In  raising  the  loaded  buckets  of  earth,  as  well  as  In  subse< 
quently  placing  the  concrete.  The  sheet  plies  were  not  pulled.  In 
this  Instance,  but  a  contractor  who  undarstanda  the  art  of  pile 
pulling  would  certainly  not  leave  the  piles  In  the  ground,  A  band 
pump  served  to  keep  the  cofferdam  dry  enough  for  excavating;  but 
in  more  open  material  a  power  pump  I*  u*ua11y  required. 
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The  above  coata  ar«  tbe  actual  costs,  and  do  not  Include  the  con- 
trsctor'a  proou.    HIa  bid  on  the  work  was  aa  followa: 

Pllea  delivered 12   cL  per  ft. 

—       driven    K  each 


{1.00  per  ou.  yd. 
8.00  per  cu.  yd. 

In  order  to  ascertain  whether  or  not  thCM  prtcea  yielded  a  fair 
proflt.  It  la  neceaoary  to  distribute  the  coat  ot  tbe  plant  transpor- 
tation and  rental  over  the  varioua  Items.  We  have  allowed  tlSO 
for  plant  transportation  and  rental,  and  (TO  for  setting  up  and 
taking  down  the  plant,  or  1190  in  alL  The  worklns  time  o(  the 
plant  waa  as  (ollowa: 

Per  cent      Prorated 
Daya     of  time,     plant  cobl 

Cofferdam    T  31)  t  T4 

Excavation    S  It  91 

Foundation  piles   1  22  *2 

Concrete    5  28  &3 

Total 18  100  flOO 

A>  above  given,  the  labor  on  the  T.BOO  ft.  B.  U.  In  the  coffer- 
dam  coat  tl2e.  or  tlE  per  H. ;  but  this  additional  |T4  of  prorated 
plant  costa  adds  another  to  per  IL,  brtnglnK  the  total  labor  and 
plant  to  }ZG  per  H..  to  which  must  be  added  the  820  per  U.  paid 
for  the  tlmt>er  In  the  cofTardam.  making  a  grand  total  of  tit  per  M. 
This  shows  that  the  contractor's  bid  ot  tJT  per  U.  was  much  too 

The  labor  on  the  excavation  coat  ST  eta  per  cu.  yd.,  to  which 
must  be  added  the  prorated  plant  cost  of  tZl  diatrlbuted  over  tbe 
ES  cu.  yda,  or  36  eta  per  cu.  yd.,  making  a  total  of  93  eta.  per  cu. 
yd.  Thla  shows  that  the  bid  of  (1  per  cu.  yd.  woa  hardly  high 
enough. 

The  labor  on  the  21  foundation  pllea  coat  fgo.  or  83.33  each.  The 
prorated  plant  coat  la  812,  or  tl.TE  per  pile,  which,  added  to  (3.33, 
makea  a  total  of  8E,0S.  This  shows  that  the  bid  of  83  per  pile  for 
driving  waa  too  low.  However,  there  was  a  proflt  of  3  da.  per  ft. 
or  80  eta  per  pile.  On  the  coat  of  pile*  delivered. 

The  concrete  amounted  to  100  cu.  yda.  Hence  the  prorated 
plant  cost  of  8S3  la  c<iulvalent  to  ES  cts.  per  cu.  yd.     Hence  the 

Cement,   sand   and  atone 83.20 

Foreman    (at   35)    0.26 

Labor    (at   82)    1.00 

Englnoman  (at  »3)   0.15 

Coal    (at    83)    0.06 

Carpentera    (at   8' 
'-'    •rs.61 


Forms    (at    823.60,   used   once) . . 

■Wire  nalla,  etc    

Prorated  plant  cost 


Total    |(.tS 
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Since  the  contract  price  lot  concrete  was  %i  per  ou.  yil,  tber« 
Will  a  good  profit  in  tliia  Itam. 

It  la  doubtful  whether  many  contractors  analyze  their  coiitB  In 
thlH  manner,  prorating  plant  coats  anil  Ulte,  but  no  other  method 
is  «atl8tactory.  Such  an  atialyala  frequently  iJlBcloseB  the  economy 
of  radically  changing  the  metliocl  Of  doinc  the  work.  For  example, 
on  Bbutmpnt  work,  and  on  some  piers,  it  Is  often  wiae  not  to  erect 
a  derrlr-k  at  all.  but  to  build  Inclined  mnwaye  up  which  to  wheel 
the  concrete.  As  the  pier  or  abutment  rises  In  height,  the  run- 
ways are  raised.  The  added  cost  of  labor  is  more  than  olTeet  by 
the  saving  In  the  cost  of  transporting  and  erectins  a  derrlcK  where 
the  yardage  to  be  moved  is  small. 

In  like  manner  the  excavation  of  a  small  amount  of  earth  from 
the  rorrerdam  may  be  more  economically  accomplished  by  ahovd- 
Ing  It  out  In  "lifts,"   than  by  Inalalllna  a  derrick  for  the  purpose. 

On  the  other  hand,  few  contractors  have  given  much  study  to 
economic  fnathoda  of  erecting  and  moving  derricks,  etc.  A  little 
brains  put  Into  this  end  of  the  work,  may  abundantly  >ist]fy  the 
use  of  derricks  even  on  small  jobs. 

We  urgently  recommend  the  careful  recording  and  analirsls  of 
the  cost  of  erecting  and  shifting  plants,  as  well  aa  a  sliDllar  an- 
alysis of  all  other  costs. 

The  foregoing  analysts  should  make  it  clear  to  engineers  that 
sa«nlngly  high  bids  on  work  Involving  one  or  more  email  units  of 
construction,  may,  In  fact,  prove  to  be  too  low. 

Cost  af  a  Pneumatic  Calston  and  Maionry  Bridge  pier.*— The  fol- 
lowing data  relate  to  the  cost  of  labor  and  materials  r»qulred  for 
tliree  railway  bridge  piers  built  by  the  pneumatic  caisson  process. 
The  work  was  done  for  the  railway  company  In  the  state  of  Wash- 
ington, by  a  contractor  working  on  a  percentage  basis,  but  the  costs 
are  the  actual  costs,  not  Including  the  contractor's  percentage. 

Borings  were  made  along  the  line  at  the  bridge  and  the  bottom 
was  penetrated  with  a  2-in.  pipe  to  a  d^th  of  34  ft.  below  extreme 
low  water.     The  material  encountered  was  a  very  uniform  bed  of 

Plant. — A  scow  30  ft  x  80  ft.  x  4  ft  was  built  and  waa  equipped 
with  8  boilers  having  an  aggregate  capacity  of  125  hp.  There  were 
t  air  compresaori :  1  air  receiver ;  1  duplex  Knowlea  pump,  with 
ISxI8-ln.  cylinders  and  tO-In.  discharge;  1  small  pump  for  sup- 
plying water  Into  the  receiver;  3  air  locks,  t  fL  diameter  by  8  ft. 
high;  8  sections  main  air  shaft.  3  ft  diameter  by  8  ft  high;  I 
hoppers,  3  ft  diameter  by  2%  ft.  high,  for  18-ln.  supply  abaft  i 
rubber  hose,  various  iron  pipes,  etc 

Pucvmatlc  Calatont,  Pier  JVo.  2.— There  were  three  caissons.  Pier 
No.  2  was  a  pivot  pier,  supporting  a  single  track  draw  bridge  140 
ft.  long.  Piers  Nob.  1  and  3  supported  the  ends  of  this  draw  ^lan 
itnd  the  two  TO-fL  plate  girder  spans  approaching  It. 

*Enet*eerinB-Cantractlno,   May   8,   1907. 
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The  calBBon  (or  this  pivot  pier  was  IOkSO  ft.  'square  and  15  fL 
high.  It  was  built  of  12xl2-ln.  surfated  timbers,  sheeted  both  out- 
side and  inside  with  3-iD.  surfaced  plank,  nailed  vertically,  and 
calked  with  oakum.  The  cuttlriB  edge  was  made  of  ?t-ln.  Iron,  i 
(t.  high,  with  shoulder  2  ft.  wide,  sllftened  by  brackets  at  Inter- 
vals of  1  ft.  to  2V6  ft.  The  12itl2  timbers  were  drift  bolted  to- 
selher  with  1-ln.  bolts,  and  the  wholo  structure  tied  with  li^-ln. 
and   2-ln.    rods.      The   corners  were  protected  by    54-ln.    Iron   plates. 

The  cutting  edge  of  the  caisson  was  sunk  to  a  depth  of  55  ft.  be- 
low water  isvel  or  45  fL  below  ground  level,  requiring  the  eKcitva- 

When  the  caisson  was  built  up  10  (t.  above  the  nutting  edge,  the 
Inside  and  the  outside  linings  were  spiked  on  and  calked.  The 
bottom  BTCtlons  of  the  supply  shaft  and  ulr  lock  were  Inserted  and 
tightly  lilted,  A  temporarily  false  bottom  of  3-ln.  plank,  well 
calked,  was  made  for  the  purpose  of  floating  the  caisson  Into 
place,  after  which  the  work  of  adding  to  Its  height  was  continued. 
Meanwhile  11  guide  piles  ware  driVen  to  guide  the  caisson  dur- 
ing sinking,  . 

The  day  after  the  caisson  was  in  position  the  filling  of  the  top 
part  with  concrete  was  Iwgun.  and  lasted  five  days.  Compressed 
air  was  introduced  Into  the  caisson  the  second  day  after  It  was  In 
position,  and  on  the  third  day  three  eight-hour  shifts  began  work, 
the  first  work  being  the  chopping  out  ot  the  false  bottom  referred 
to  abova  By  this  time  a  cofTerdam,  16  ft.  high,  had  been  con- 
structed on  top  of  the  caisson,  so  as  to  .prevent  floods  from  inter- 
fering with  the  work. 

It  required  Just  29  days  of  !4  hrs.  to  sink  the  caisson  45  ft.  after 
it  was  In  place,  although  Che  actual  time  of  sinking  was  19  days, 
there  bsing  several  delaya  Then  the  working  chamber  was  flUed 
With  concrete.  Sections  2  ft.  by  2  ft  were  dug  out  under  the  shoul- 
der of  the  cutting  edge,  and  successively  filled  with  concrete.  Hav- 
ing thus  supported  the  caisson,  Ihe  center  portion  was  excavated 
and  Ailed  with  concrete.  The  filling  of  (he  working  chamber  and 
lower  air  locks  with  concrete  took  1  daya  The  compressed  air 
was  then  taken  off,  having  been  used  for  36  daya  The  depth  sunk 
was  46  ft,  or  114  ft.  par  day. 

The  masonry  on  top  of  the  caisson  was  flni^ed  18  days  after  the 
compressed  air  had  been  turned  off.  so  that  54  days  attar  the  cais- 
son had  been  floated  to  place  the  pier  was  ready  to  receive  the 
bridge. 

The  masonry  on  top  of  the  caisson  con^tstEd  of  an  annular  cylin- 
der of  cut  stone  masonry.  50  ft.  high,  having  a  thickness  of  414  ft 
at  the  base  and  3^4  ft.  at  the  top.  This  cylinder  was  filled  with 
concrete.  The  outside  diameter  of  the  masonry  cylinder  was  26 
ft.  at  the  top  and  29  ft.  at  the  base.  The  height  of  this  masonry 
cylinder  was  GO  ft.     The  cost  of  the  plant  was  as  follows: 
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The  Bcow  wa»  30x80x4  ft.,  provided  with  a  boiler  boiue,  snd  in 

JO.EDO  ft..  B.  M.,  limber  In  scow  at  (IS MS^-^O 

I. too  lbs.   boat  aplXea  at   4v &t.0« 

800    Ibe.   bolt*    icrewa.   Mc.  at    Ic liM 

8.000  Iba.  oakum  at   <c MM 

E   bblH.    tar   at   K IS.OO 

HlarellansouE  materials    lO.SO 

Total  materlala   In   kow 11(4.90 

!2.0aO  ft.  B.  U..  in  boiler  houK  at  tlS tSSe.tO 

l,!O0    IbH.    nails,    eti^. 40.00 

800  Iba.  tarred  paper  at  2Hc 10-00 

1.000    brick    8.00 

1    bbl.   lime    l.SO 

MisrcllaneouB    mnterlala     10.00 

Total   materiala  In  boiler  liouM ltOt>.SO 

I^bor  building  scow  and  boiler  Iiouse: 

IE  days,   foreman,  nl    14 t  44.00 

240  dai'B.   carpentera.    at    tS.Oi 710.00 

EO   dnys,    lahorers.   nt    tl 100.00 

Total   labor    ?9an.00 

*Thts  labor  COBI  Is  rqulvnlent  to  IIS  P«r  1.000  ft..  B.  H.,  of  tim- 
ber In  the  scow  and  botter  house.  The  cost  of  sotting  up  thu  boil- 
ers, compreasors.  etc.,  was  ua  follows; 

IS  days,  foreman,  at  14 1  43.00 

21  days,   rarpenter.  at   13 7£.00 

4   days.    macDlnlsL    at    15 10.08 

3  days,    blnrksmlth.    at    t^.EO lO.Sfl 

60  days,  slenm  fitter,  nt  tl.lin ITS.OS 

24   dnys.    emclneaian.    nt    ILfiO 14.00 

Z70  days,   laborer,   at   (2 E4O,O0 

38T  da}-s.     Total    I94S.S0 

This  cost  is  also  excessive  and  Indicates  very  poor  nuoacemenL 
Tlie  frelsht  on  this  plant  was  fl50.     Summariilng.  we  have: 

Si-ow  and  boiler   house    tl.SEO 

Setllnc    up    Itollprs,    ptc lEB 

FYelKhl      150 

Total     (3,0  JO 

CharglnK  (his  13.050  to  the  three  piers  according  to  their  slse. 
we  may  assign  60  per  cent,  or  tl.GZE,  to  Pier  No.  2,  and  |7C1  to 
each  of  the  other  two  pler«. 

The  three  bollard  two  »lr  compresaors,  pumpa,  etc,  were  worth 
about  14.000.  and  a  very  liberal  allowance  for  their  use  on  this  Job 
would  be  12.000,  charging  EO  per  cent,  or  11,000.  to  Pter  No.  1,  and 
1600  to  each  of  the  other  two  piers.  This  |1,000  added  to  the 
tl,E;6,  makes  12.625  charged  for  plant  Th«  cost  of  srectlng  a 
platform  and  derrick  &t  Plar  No,  2  was  tlOO.  About  lEO  ft  itf 
4-In.  pipe  and  TO  ft  of  1i4-ln.  pipe  and  fitting^  coating  tHO.  were 
left  In  the  caisson  and  not  recovered. 

About  38,000  lbs.  of  Iron  were  required  for  the  air  lock*,  ahafta, 
etc.,  of  the  three  plera.     About  half  of  It,  or  ia,000  tba.,  w»s  left 


In  the  pleri,  for  which  a  cbarse 
or  1300  per  pier. 

The  coit  of  materiala  Id  the  calaaon   (3Ox30xli 

71,000  ft.  B.  U.  In  ctUMOD  at  tlO 

4,100  ft.  R  U.  In  falM  floor  at  120 

3.400  ft.  B.  M.  In  Inside  curbing  at  ISO. 

9,0Ca   ft.    B.   a.    In   coBerdam 

15.000    Ih*.    cuttlOK  edse  at  4Hc 

1,400  lt>R.  comer  platea  at  4c 

B,200  JbB.   roda  at   2«c. 


was  made,  or  1900, 


too  Iba  catt  wuhera  at  Ic IS.OO 

1.000  Iba  lajr  acrewa,  etc,  at  4(t 40.00 

»  balM  (^000  Iba)  of  oakam  at  t* SO.OO 

100  tba  rubber  packing  at  TOc TO.OO 

Total  material!   t2.SS1.00 

There  were  78,800  tt  B.  U.  In  the  calsMn.  exclualve  of  the  9,000 
ft.  B.  H.  In  ttie  coSerdam.  The  coat  of  tramlnB  and  erecting  the 
mlaaon  was  ai  followa : 

4E  dara.    foreman,    at    14 f    IKHDA 

-"0  days,    carpenters,   at   (3 


90  daya,   laboro.  _. . 

14  daya.  blackamlth^  e 

10  daya.  nnglneman.   a 

T  daya.  machinist,    at 


tS.GO.. 


3S. 


48*  daya,   total,   at   |2.8E.. 
Tbla  la  equivalent  to  818.2S  per 
high  coat  for  thiB  kind  of.  work. 

The  coat  of  building  the  cofferdam  on  top  of  llie  calBso 
followa : 

E  daya,    foreman,    at    84.00      8  24.01 

(0  daya.  carpentera.   at 3.00        ISO.Oi 

10  daya    laborers,    at    2.00  ZO.OI 

3  daya  blackamltb,  at 3.Ea  lO.GI 

Since  there  were  9.000  fL  B.  U.  1: 
*Zf   per  1,000  ft  B.  IL 

The  coat  of  sinking  the  calaaon,  which  Included  temping  the  c 

Crete  In  the  working  chamber  of  the  calaaon  also,  waa  as  follows 

34  daya.   foreman   machlnlat. 

IS  daya,   general   foreman,  at. 


80  d 


1  tore 


720  daya,   preaaui-e  men,  ai 

T2  daya    engtnemen,    at     . 

72  daya   firemen,   at    

32  daya  coal  paaaera  at    . 

40  daya.    wlpere.    at    

EO  daya  atenm  nilera  at 
4  daya    blackamltb,    at     . 

58  daya,  carpentera  at  . . , 
3S0  daya    laborera    at 

32  daya   sEicnal   man.   at    , 

32  daya  call  boy,  al 

1,701  dajiB    total     j;.! 
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As  above  Btntpd,  It  required  3G  days  lo  sink  the  caisson   and  flII 

the  working  cliumber  with  concrete,  hence  by  dlvldliiK  each  of  the 

above  tienia  by  36  we  get  tlie  number  of  each  kind  of  men  per  diiy. 

In  addition  to  Ihe  materials  and  labor  above  enumerateil.  there 

were  tlie  svpr'les.  n-hlch  cost  as  follows: 

Zia  Ions    coal    at    tZ ISSO.OO 

220  iinla   gasoline  and  kerosene,  at   10c —      20.00 

40  Bills,  valve  oil  at  SOc SO.OO 

20  gals,  engine  oil  at  33o T.OO 

70  lbs.    wnate    at    5c 3. SO 

4^  prs.   rubber  boots  at  tS 13S.00 


The  BUlde  piles  around  the  caisson  were  driven  with  a  scow 
driver,  and  cost  as  follows: 

600    lln.    ft.    piles    at    lOc J  80.00 

Labor  driving    52.00 

Coal    for    drl>'er,   etc 30.00 

Total    (13100 

There  were  400  cu.  yds.  of  concrete  placed  In  the  woriitBC-  cham- 
ber of  the  caisson  and  400  cii,  yds.  Inside  tlie  stone  masnu-y  on 
top  of  the  caisson.     The  cost  of  this  concrete  was  af  follows: 


0.i5   cu.  yd.   sand  at   SOo IS 

0.7   bl>L   cement  at   12 1.10 

Mixing   and    placing    1.15 

Erecting    derrli^a.    platrorms.    etc. 34 

Total    $4.3S 

Tlie  31. li  for  "mixing  and  placing"  covers  the  ■va.gm  of  tlio  ni*n 
<t2  a.  day)  engaged  In  band  mixing  and  liandllng  the  concrete,  the 
derrick  englneman,  the  foreman,  the  lock  tenders,  and  the  coal : 
but  It  does  not  Include  the  placing  and  tamping  of  the  concrete 
In  the  working  chamber  of  the  caisson,  for  that  Item  Is  Included  In 
the  cost  of  sinking  the  caisson. 

There  were  400  cu.  yds.  of  concrete  In  the  caisson  and  400  cu. 
yds.  of  concrete  on  the  top  of  It,  but  of  Oils  last  400  ctL  yds.  only 
60  per  cent,  or  240  cu.  yds,  was  below  the  ground  IsreL  Hence 
wo  have  400  +  240  =  660  cu.  yda  of  concrete  below  the  ground 
level.  This  680  cu.  yds,  at  (4. IS.  cost  |!,S05,  which  Is  equivalent 
to  362  per  Iln.  ft.,  or  31.93  per  ctt.  yd.  of  pier  below  the  ground 


We  DHL)'  now  summarlie  the  cost  as  foIIoWH : 

Per  lln. 
TdUL  IL  (4&It.) 

Plant,   proimrtlonare   cost t'Z.aSS  |  5fi 

Secllns  up  platform  and  derrtck...        100  2 

Pipe  left  In  caiBson    130  3 

ft.OOO  lbs.  iron  left  In  calsaon 300  T 

78,800   ft.   B.   M.  calHwm.    t^O 1,S7S  3i 

'  "  ""     Foffardam.    (20.. 

, .    "rffts.  ( „. 

..-.I)  lbs.  boat  splkei^  etc 

2.200   IbB.    oakum.    4c 

100   lbs.   rubber  packlns,    TOi'.. 
436   dars  bide,   caisson,   t!.96.. 


'600    lln.   ft.    piles   delivered.    l(l<' $0 

«00  lln.  ft.  piles  driven,  I'c 72 

Supl.  and   oRIce  exp TOO 

Totals     »14,483 

Tlie  cost  of  cuttlnB  and  handlli 

2.S    days,    atone    cutler,    at   16 (1.6S 

3.2    days,    laborer,    at    f2 0.6( 

0.04  day,  blacksmith,  nt   tS.GO 0.14 

0.04    da?,   blacksmllh  helper,  at   fS.SO 0.10 

O.DE  day.  horse,  at  tl.SO D.Oa 

Total     .12.65 

The  total  coat  of  Ihia  stone  masonry  was  as  follows: 

1    cu.    yd.    Btone   at    tO.GO t  S.SO 

Cutting   stone    2.SS 

Setting    scone     0.95 

0.08  cu.  yd.  sand  at  80c 0.05 

0.3  bbl.   cement  at    }2 0.40 

Total    n0.6B 

There  were  800  cu.  yds.  of  this  stone  masonry,  hence  Its  cos 
was  te.330.  About  60  per  cent  of  It.  or  $t.T9g.  was  below  th 
ground  lerel. 

Summarlilng  the  cost  of  the  pier  below  the  ground  level,  w 
Have :  Per  per 

-  Total.  Un.fL         cu.  yd. 

Brought  forward .111,483  |322  »  9.SB 

Concrete     at    t4.2S.., 2,805,  (2  1.93 

UasonlT  at   I10.6S 3,798  84  2,ES 

Total    121.086  (488  114.13 

The  coat  of  the  19  lln  ft  of  pier  above  the  ground  level  was: 

ISO  cu.  yda.   concrete  at   14.25 t    6S0 

StO  cu.  yda  masonry  at  flO.ES I.G82 
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The  reader  will  note  Chat  the  tabulated  coal  of  tUa  c*t«aoD  la 
Civen  In  aucb  ihape  that  the  coat  of  ■Imllar  work  can  be  enafljr 
eatlmated  by  allowtng  tor  dltTsrencea  in  prevalllag  prices  and 
wages.  If  timber  costa  110  I>er  IC,  luatead  of  tSO.  thOD,  by  addlnc 
SO  per  cent  to  the  Items  Involving  timber,  the  Increaaed  ciut  per 
cubic  yard  of  calaaon  !■  readily  eatlmated.  Since  the  timber  In  (be 
ealaeon  coat  11.06  per  cu.  yd.  of  caJsaoD,  when  timber  waa  ftO  per 
M.  It  ls«vident  that,  wlth-timber  at  flO  per  H,  thia  Iton  of  tl-*S 
will  be  Increaaed  EiO  per  cent,  making  it  |1.5S  per  cu.  yd.  of  cai»- 
•on.  In  like  manner  other  Itona  may  be  railed  or  lowered,  almoat 
by  Inapectlon,  and  a  total  secured  which  will  be  a  very  accurate 
esttmate;  The  above  coHa  do  not  Include  "enBlnMrlng,"  wlildi. 
In  this  caaa.  wb«  about  4  per  cent  of  the  total. 

Tn  a  aucceedlng  Isaue  wtll  bo  given  the  cost  of  the  two  calssona 
(plara  Noa.  1  and  S)  mentioned  in  the  flrat  part  of  thia  article; 
and  In  that  lame  we  ahall  compare  the  coata  of  calaaona  In  plera 
Noa  1, -Z  and  3.  ahowing-  that  the  cubic  yard  la  the  proper  unit 
to  use  in  recording  and  comparbiK  the  coat  of  cnlBson  work,  and 
not  Che  lineal  foot.  The  lineal  foot.  It  la  true,  has  long  t>een  re- 
garded aa  a  convenient  unit  of  caiaaon  coata.  tnit  It  is  wholly  unre- 
liable for  comparative  purpoaea,  and  ahould  be  abandoned. 

Coat  of  Two  Pneumatic  Calaaona  and  Maaonry  Bridge  plers.*'ln 
our  laat  taaue  we  gave  a  general  deacrlptlon  of  a  large  pivot  pier 
calaaon  and  plant  used  In  sinking  It  to  a  depth  of  (5  tL  In  tbia 
laaue  we  ahall  give  the  iCemlaed  coat  of  two  anwller  calaaona  of  the 
same  type,  aunk  with  the  same  plant  described  In  our  last  laaue, 
and  under  the  aame  condltlona  Each  of  these  calaaona  waa  IG  x  14 
ft.  in  croaa-aectiOD,  and  16  ft  high:  and  on  top  ot  each  was  built 
the  masonry  pier  aa  faat  aa  the  calaaon  waa  aunk.  These  two  "rest 
piers"  will  be  designated  as  piers  Na  1  and  No.  3.  The  maaoniT 
was  built  to  a  height  of  51  ft.  above  the  top  of  the  caisson,  or  II 
ft  above  water  level.  .The  cutting  edge  of  the  caisson  of  pier 
No.  1  reached  4T  ft  below  ground  level,  or  G3  ft  below  water  leveL 
The  cutting  edge  of  pier  No.  S  reached  the  aame  distance  below 
water  level,  but  only  38  ft.  below  ground  leveL 

Ttie  masonry  of  each  pier  had  a  crosB-aectlon  of  II  x  SS  ft  at  tbe 
baae.  and  7  x  24  ft  under  the  coping.  The  masonry  waa  cut  stone 
(aandstone),  excepting  a  core  or  concrete,  4  x  18  ft,  23  ft  higb 
above  the  Cop  of  the  calaaon.  The  working  chamber  of  the  cais- 
son waa  filled  with  concrete  after  it  had  been  sunk  to  the  proper 
d^th. 

Cott  of  Pier  Wo.  1. — Eighteen  dara  after  tbe  caisson  was  launched 
the  sinking  was  t>egun.  Bleven  days  after  the  sinking  began,  the 
sinking  was  completed,  but  tbe  compreaaed  aJr  waa  not  taken  off 
until  IT  days  after  the  ainking  began.  The  masonry  pier  was 
completed  Bl  daya  after  tbe  sinking  began. 

Since  the  cross-section  of  the  calaaon  was  E44  aq.  ft  and  It  was 
aunk  to  a  depth  of  47  ft.  the  excavation  amounted  to  947  cu.  yds. 

The  proportionate  charge  (or  the  use  of  the  plant  for  this  pier 
was  tl.ZSZ. 

'Snglneerine-ContraeUnff,   May   16,   19«T. 
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There  were  t.OOO  lbs.  of  Iron   (air  Bhafts.  etc)   left  Ii 
for  whlcb  a  charte  of  G  cti.  i>er  lb.,  or  tZOO,  was  inad& 

Tbere  were  ICO  ft.  of  4-1d.  pipe,  and  40  ft.  of  l^-lr 
atClngm,  north  flOO,  left  In  the  pier. 

The  coat  of  materials  in  the  caiMon  wai  aa  follows : 
Per     ■ 


Lin.  Ft. 

Cu-Yd. 

ToUL 

C47(t.) 

(94^ 

cu.yda. 

11.162 

t  27 

* 

300 

0.32 

51,000  ft.  B.  M.   calsaon,   t^O... 

943  days  alnklng  calaron.  13.10. 

3.09 

Other  Buppliea   

109 

0.11 

SupL  and  office  expense 

0.47 

Total    I9.T38 


t   »20.. 


46,000  rt.   R  H.   in  calasc 

2,000  ft.  a  M.  In  tiilse  !...__._ 

13.000  lbs.  cuCtlnK  edge,   at  4H    L'ts. 

1,200  lbs.    comer  plates,  at   4  eta.. 

S.900  lbs.    rods,    at   2'A    cts 

3,000  Iba.    drift    bolts,   at    2^    cts. . 

2,400  lbs.  boat  aplkea   C    "     ' 


0  Iba  <: 
0  lbs.  Ii 


t  waBhera,  at  2  c 
,  at  4 


Total    materials I2.0TI 

There  were  Sl.OOO  ft.  B.  H.  In  the  caisson. 

The  coat  of  framlns  and  erecUng  tlie  caisson  was: 

30  days,    foreman,    at 34.00  1120.00 

£20  days,    carpentera,    at 3.00  660.00 

60  days,    laborers,    at 2.00  120.00 

T  days,   blacksmith,    at t.50  24.S0 

4  days,    machinists^    at E.OO  20.00 

321  daya,    total,    at < 12.94  t944,S0 

This  is  equivalent  to  H8.50  per  1,000  fL  B.  H.,  which  la  a  very 
high  cost. 
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IS  days,  foremnn  roachlnlst,  i 

U  days,  general    foreman,   at. 

IS  days,    sub- foremen,    at . 

36  daya,  top   loch  tender,  at . . 


14  dftys,    engine 


30  days,    rarpenter,    at. 

2GI)  dnrs.    laborers,    at. 

5  days,  call   boy,  at . . 


S13  days,   total,   at 13.10         |S.9I» 

The  raaX  supplies  used  In  sinking  the  caisson  were  as  folknra: 

IftO  Ions   conl,    at    (3 1300.00 

TO  ebIb.  Kasollne  and  kerosene.  aCIOcts.      T.OD 

leO  Fbs.  candles,  at   IS  cts 19. SO 

3,000  ft.  B.   M.   In  Inside  curb,  at  (SO <0.00 

20  lbs.   valve  oil.  at    50  cts 10.00 

1 0  lbs.  engine  oil,  at  Si  cts S.SO 

35  lbs.   waste,  at    G   eta 1.75 

20  pairs  rubber  boots,  at  *S SO.OO 

100  fbs.  rsd  Imd,  at   R  cts S.OO 

Total    M0».4I 

There  were  200  cu.  yds.  of  concrete  ptaced  In  the  worfcfmc  cham- 
ber of  the  caisson  and  SO  cu.  yds.'  In  the  pier,  the  cost  batnx  (1.2G 
per  cu.  yd.,  as  Klven  In  our  last  lssu& 

We  may  now  summarise  the  total  cost  as  follows: 
Tn  addition  to  the  above  there  were  480  cu.  yds,  of  stooe 
masonry,  the  actual  cost  of  which  was  flO.EG  per  cu.  yd.,  or  tG,OI4. 
AtHtut  330  cu.  yds.  ol  this  masonry  was  below  the  ground  level, 
which  Is  eriulvalent  to  t9.4SI  of  stone  maaonry  below  the  ground 
level.     Dividing  this  by  47,  we  have  |74  per  lln.  ft. 

Summarising,  we  have  the  following  cost  of  pier  No.  1  below 
the  ground  level: 

TotaL  Per  lln.  ft.     Per  cU.  yd. 

tlSS  t  9,0! 

£6  l.!5 


Grand  total   114,800 

Co»t  of  Pier  No.  3. — The  design  of  this  pier  was  the  same  as 
Pier  Na  I.  It  differed  somewhat  In  cost,  however,  since  It  was 
sunk  to  a  depth  of  only  38  ft.  below  ground  level  due  to  the  fact 
that  the  water  was  deeper  at  the  site  of  this  pier  than  at  the  sJCe 
of  pier  No,   1. 

Fifteen  days  after  the  caisson  was  launched,   the  sinking  becan. 
It   took   IE  days  to  sink  the  caisson,  and  4  days  more  to  till  the 


working  chnmbei 

Iirossure.     The 
InK  was  begun. 


mcrete.  making:  19  days  of  work  under  nlr 
}1er  was  completed  37  days  after  the  alnk- 
:  of  matertalfl  In  the  calason  was  the  same 


The  coHt  of  framing  and  erecting  Che  oalsaon  was: 

29  days,    foreman.' ....->..  .ft. 00         111 

21S  days,    carpenters 3.00  fiS 

68  days,     laborers ,.".    2.00  11 

{I  days,    blacksmith 3.50  3 

i   days.    machlnlBt : 5.00  S 


3tS  days,   total.. 


..12.95  »aST.50 


ThlB  IB  equivalent  to  119  per  M. 

The  «iBt  of  sinking  the  caisson,  which  Included  (ampins  the  ci 
Crete  In  the  ralsBon  also,  was  as  follows: 
IS  days,  foreman   machlnst... 
30  days,  general    foreouui.... 

3S  days,  Hul>-toreinBn 

33  days,  top   lock  tender. .... 

3*0  days,  pressure  men 

EO  days,  englnemen 

46  days,  firemen    .', 

20  days,  coal   passers 

28  ilays,  Bteamfltters     , 

2  days,  blacksmith    3.5( 

18  days. 
220  days. 


851  days. 
The   coal    and    e 
follows : 


otal    S3.ll         1 

ippllea   used    In    sinking   the    i 


.    13.. 


ITS  Iba  candles,  t£  cts. . 
20  gals,  valve  oil,  GO  ct 
12  gals,   engine  oil.   35   c 

35  Iba  waste.  5  cts. 

24  pairs  rubber  boots.  tS 

100  lbs.  red  lead.  3  cts. , . 


2,648.5' 


8.00 


Total    MSS.SE 

The  guide  piles  cost  as  follows: 

620  llD.  ft.,  delivered.  10  o.a t  62.00 

620  Ud.  ft.  driven.  10  cts 61.00 


Total    . 


..1134.01] 
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Sununarlilng  we  have; 

^«t  Per 

T,ln  Ft.  Cu.  Td, 

Total.  (B8  n.)      (766  cu.  yda.> 

Plant    »1.2e2  I  3S  $  l.«5 

SettlDK  up  derrick  and  platform..      120  3  o.iG 

Pipe  left  In  calraon IBO  4  0.!0 

8,080  lbs.    Iron  left   in  caisson...       300  8  0.39 

50,000  (t  B.  H.  left  In  caisson,  130   1,000  Sfi  1.31 

13,000  lbs.  cutUng  edaa.  4H  eta...       GSS  IG  O.T« 

S.O0O  Ibe.  rods  and  drlftB,^i4  ets.       200  5  0.« 

fi,000  Iba.   boat  spikes,   etc Hi  4  O.IS 

l.EOO  lbs.  oakum.  4  cts. EO  2  0.08 

100  lbs.    rubber  packliiK.    TO   eta..         TO  2  0.0* 

318  days  buUdlnK  caisson.   1286..       938  IS  l.:2 

SGI   days   slnklne  rnlsson.    13. U..    i.Ht  Tl  3.4S 

120  tons  ooal.    Jl.OO 380  9  0.41 

Other    supplies 124  S  O.IC 

Supt.  and  offlce  exp. 440  11  0.S7 

Total    t8,391  till  tlO.SS 

280  cu.  yds.  concrete,  14.36 1,190  31  1.ES 

Total    19,681  t2E2  tlS.eO 

In  addition  to  the  above  there  were  480  cu.  yds.  of  stone  maamry. 
the  coat  of  which  was  flO.BE  per  cu.  yd.,  or  tS,064.  AddllK  this  to 
the  f9,G81,  we  have  a  total  cost  of  tl4.64S  for  pier  Na  3. 

Let  UH  compare  the  costs  of  piers  Nos.  1.  2  and  S.  Referring 
to  our  Issue  of  Uay  S.  we  find  the  coat  of  pivot  pier  No.  2.  In 
making  the  comparison  we  shall  exclude  the  cost  of  tbe  masonry 
and  concrete. 

No.  1.         No.  2.        No.  3. 

Coat  per  cu.  yd.,  displaced f9.02         19.88        tn.ii 

Coat  per  lln.  fL  below  ground  level  1.82  3,22  1.31 

It  Is  perfectly  evident,  from  this  comparison,  that  tbe  lineal  foot 
of  distance  sunk  below  the  ground  level  la  not  a  rational  onlt  to  be 
used  in  comparing  the  cost  of  pneumatic  caisson  work.  On  the 
other'hand.  the  cubic  yard  of  displaced  earth  Is  a  much  more  m- 
tlonal  unit.  Obviously  the  cost  of  the  masonry  should  be  estimated 
separately,  excepting  posalbly  the  concrete  used  In  filling  the  work- 
ing chamber  of  the  caisson. 

The  foreKoIng  data  relate  to  work  carried  on  at  moderate  depths 
below  the  water  level. 

Cost  of  a  Caisson  In  Arizona.— Mr.  8.  U.  Rowe  gives  the  loltowlng 
data  relative  to  a  caisson  for  the  Red  Sock  cantilever  bridge^  built 
In  1889,  across  the  Colorado  River  In  Arliona  for  the  Atlantic 
and  Pacific  R  R.  Co. 

The  caisson  was  SO  x  00  ft.  In  crosa-aectlon  and  II  ft.  high,  sur- 
mounted by  a  timber  crib  47  ft  high,  the  height  from  the  cutUng 
edge  to  the  top  of  the  crib  being  C4  ft  The  ordinary  low  water 
level  was  at  the  top  of  the  crib,  and  the  depth  of  water  (at  low 
water)  waa  only  A  ft.  The  material  penetrated  waa  mostly  wnd, 
gravel  and  bouldera  So  compact  was  the  material  at  a  depth  of 
61  ft.  that  It  was  practically  Impossible  to  reat^  bed  rock. 
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The  calBBon   and  crib  were  of  OrCKOn   pin*,  and   th«  followlsK 
was  the  bill  of  tnaterlal : 

FLRH. 

Worklne  chamber  (incl.  3  Ins.  caslns  Inside) 82.560 

Roof,    S    ft.    thick 16B.904 

Crib  (Incl.  3  Ins.  casInK  outside) 1«0,S55 

Total  thnber   (neat) 479,319 

Iron  bolts  and  q>lkes   e8,00O  Iba 

Concrete  In  crib  (4T.T  cu.  yd&  per  Itn.  fL).      3.190  cu.  yds. 
Concrete  in  worklns  chamber 580  cu.  yds. 

Total    concrete J.STO  cu.  yda 

tt  !■  stated  that  the  timber  weighed  3S  lbs.  per  cu.  ft.  whon  well 

dried,  and  that  It  absorbed  3S  Hia.  Of  water  per  cu.  ft. 

There  were  1.4S0  cu.  yds.  of  solid  timber  and   2,870  cu.  yda  of 

concrete,  mahlng  a   total   of  4.3E0  cu.   yds.  as  the  volume  of  the 

caisson  and  crib,  the  timber  belnK  34%  of  the  total  volume. 

The  total  cost  was  tl28.Z63.  or  nearly  (30  per  ru.  yd.,  of  which 

IIS.GO  is  lalior,   which  Is  an  exceedingly  htnh  cost.      The  followlns 

fa  the  Itemised  cost  of  the  caisson : 


a  Iba). 


7,168.30 

Cement  for  2,870  cu.  yds.  concrete »,568,00' 

Frelfht    13,303.20 

Liocal  and  train   service S.T90.96 

Labor    71,754.03 

Bnlrtneering 6.052.07 

Total   3]!8,3«3.19 

This  did  not  Include  the  bulldliiK  of  b.  trestle  across  the  river  to 
the  stta  Of  the  caisson,  which  cost  |6,tSg,  nor -the  tracks  to  the 
quarry,  which  cost  (7,313. 

The  tollowlDK  (Ives  the  labor  coot  for  tbe  dirterent  periods : 

Depth       Labor  Cost 

Pay  Roll.  Sunk.         Bar  Lin.  Ft. 

November,    10    days t  3. 612  >.S  ft.  1203 

December.  31  days 10.017  23.4  ft.  429 

January,  31   days 10,710  38,8  ft.  400 

The  last  foot  or  two  sunk  En  January  cost  fS.SOO  per  ft.  for  labor. 

In  February.  11  days  were  spent,  at  a  cost  of  33,760  for  total 
labor,  fllllng  the  working  chamber  with  580  cu.  yds.  of  concrete. 

The  air  plant  consisted  of  3  compressors  (two  of  which  were 
double  cylinders  16x24  Ins.,  and  one  12x18  Ins.  Two  were  used 
while  excavating  and  one  held  In  reserva  TheM  were  driven  by 
two  7E-hp.  boilers  and  liy  one  of  60  hp.  The  air  plant  was  on  a 
lioat  24  X  80  R.  built  for  the  purpose. 

The  stone  for  the  concrete  was  a  broken  volcanic  rock,  with 
which  the  "mesas"  were  strewn,  which  was  raked  Into  windrows 
and  hauled  by  wagons  to  a  pile  where  it  was  loaded  Into  a  car. 
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Cost  of  a  CalMon  in  Tan n ■■•••.— llr.  Hunter  McDoutld  elvpa  tb* 
rolloirlns  data  rdatlve  to  s  caisson  for  a  pivot  pier  of  a  ndlv»7 
■wing  bridge  built  In  18S3  across  the  TanneSaee  BJver  for  the 
Nashville,  Cfaattanooga  *  St-  L«uIh  Ry.,  by  contract. 

The  calaaon  was  St  fL  square  and  IS  tC.  hlgli,  surmounted  by  a 
crib  28  fu  high,  making  a  total  height  of  44  tL  The  cuUIhk  edge 
was  sunk  through  gravel  and  aand  to  a  depth  q(  44  ft  below  low 
water.  The  caisson  and  crib  were  filled  with  1  :  Z  :  E  natural 
cement  concrete.     The   contract   price   at   the   pivot   pier  was    aa 

119, Tu::  ft.  B.  M.  timber  In  calBSon.  at  t^S I  4.6EM] 

9G,;2T  ft.  B.  U.  Umber  In  crib,  at  yiS 2,680.37 

64.976  Iba  Iron,  at  4  ots 2,139.0U 

96  ]ln.  ft.  shafting  left  In  place,  at  tT t7Z.0O 

44  lin.    fL    sinking    below    water    level,    at 

»344.gl      li,lTS.4S 

313.4  cu  yds.    roatertal    removed    ihrouKh    lock 

at    135 ,■-■.-, 10.9M.OO 

1.066.9  cu.    yda    concrete   In   crib   and    pockets, 

at    M TT  . . . .      (.G1E.40 

233.6  cu.   yds.  concrete  in  aJr  chamber,  at  112     Z.gOZ.OO 

Total  cost  of  caisson t4S.5E:.CO 

Since  the  displacement  of  this  44  ft.  caisson  was  Z.I13  m.  yds.. 

Uie  cost  wnn   $21.67   per  cu.  yd.,   or   tl,03a   per  lin.   ft.   of  verUnl 

heigh  L 
The  cost  of  the  atone  masonry  was: 

4I5.B2  cu.  yds.  face  stone,  at  %IZ t  4.987.44 

725.19  CM.  yds.  backing,  at  (7 6,076.33 

Z4.SZ  cu.  yds.  coping,  at  fit 30Z.13 

Total   masonry tl0.4SS.09 

Tlie  masonry  wae  48..tt,  high, above  the  top  of  the  crib. 

A  caisson  for  a  rest  pier  was  16\  x  40^  ft.  In  croas-sectlon.  and 
displaced  1,107  cu.  yds.,  and  cost  %X9  per  cu.  yd.,  or  M7t  per  lin.  ft. 
of  vertical  height.  It  contained  IIE.OOO  ft.  B.  If.  Id  caisson  and 
crib  and  872  cu.  yda  of  concrete. 

Cost  of  Four  Calsisni. — Mr.  B.  L.  Crosby  gives  the  following  data 
relative  to  4  caissons  huilt  In,  1892  for  the  St.  L-ouls,  Keokuk  * 
Northwestern  R.  R.  for  a  douhle-track  bridge  across  the  Mluauri 
Rlvar.  The  work  waa  done  by  company  torc«a  Each  caisson  was 
30x70  ft.  In  cross-section  and  IS  ft.  high,  surmounted  by  a  crib. 
The  crihs  were  SI,  46,  68  and  64  ft.  hiaji  for  piers  Nos.  1,  S,  3  and 
4,  respectively.  The  caissons  and  qrlbs  were  filled  with  1  :  3  .'4 
natural  cement  concrete. 

The  air  plant  consisted  of  two  Nol  4  Clayton  duplex  compressoTS. 
having  steam  and  air  cylinders,  each  14  Ina  witii  IS-ln.  stroke;  and 
a  Worthlngton  duplex  pump,  18^  x  10<4  x  10  Ins.  This  plant  was 
set  on  a  small  steam  boat.  There  was  a  duplicate  plant  moonted 
on  a  platform  on  piles.  There  were  several  hoisting  engines,  a 
plle-drlver  boat,  provided  with  a  derrick  for  handling  the  timbers. 
and  an  arc  light  plant  for  night  work.     The  concrete  was  mlied 
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tn  a.  Cockburn  Barrow  Co.  mixer  on  a  bargo  pravlileil  wllli  a  der- 
rick for  handling  concrete  blockB.  There  were  several  otber 
bargeB  for  handling  timber,  cement  and  atone,  and  a  small  steam- 
boHt  for  towLng  barges. 

The  caissons  were  built  on  launchlnK  ways  constructed  of  piles 
capped  with  12  x  12-ln.  timbers  parallel  with  tlie  river  bank.  The 
way  Umbers  ware  12xlZ-ln.  having  a  slope  of  3  1ns.  to  thd  foot 
toward  the  river,  and  were  extended  far  enough  Into  the  river  to 
allow  the  caisson  to  float  before  being  clear  of  the  timbera  The 
plies  under  water  were  cut  oO  with  a  circular  saw  and  cups  were 
placed  by  a  diver ;  the  drltt-bolts  were  driven  by  a  ramrod  work- 
ing through  a  gas  pipe  over  the  drift-bolt. 

Several  sandbars  at  the  sites  of  the  piers  were  washed  away  by 
the  paddle  wheels  of  the  steamboat,  a  hole  T  to  10  ft.  deep  being 
dug  oMt  In  this  manner.  Barges  were  placed  on  each  side  of  a 
cnlBson,  and  heavy  timbers  bolted  the  caisson,  extending  out  over 
the  barges.  By  pumping  air  Into  the  caisson  It  was  raised  till  It 
drew  only  6  ft.  ot  water,  and  blocking  was  placed  under  the  tim- 
bers projecting  over  the  barges.     Then  It  was  towed  to  place. 

The  following  were  the  depths  below  "standard  low  water"  to 
which  the  different  caissons  were  sunk ;  No.  1,  tS  ft. ;  No.  2.  RS  tt. ; 
No.  3,   101  fL ;    No.  i,  S3  ft 

Some  blasting  of  the  rock  site  of  caisson  Na  1  was  done. 
Rackarock  was  used,  because  Its  tumes  do  not  give  the  men  head- 
aches as  do  the  fumes  of  dynamite  in  a  caisson. 

The  total  combined  height  of  the  tour  caissons  and  cribs  was 
2SE  ft.,  and,  tdnce  their  cross-section  was  30x70  ft,  this  Is  equiva- 
lent to  combined  displacement  of  nearly  20.000  cu.  yds.,  of  which 
2!>%  was  the  yellow  pine  timber,  there  being  1,«09,000  ft.  R  U. 
There  were  13,286  cu.  yds,  ol  1:2:1  concrete  placed  In  the 
caissons  and  cribs,  requiring  20.800  bbls.  of  cement,  of  which  80% 
was  natural  and  20%  Portland.  The  cost  of  the  conrrete  was  J5.35 
per  cu.  yd.,  including  all  material  and  labor.  The  coat  of  framing 
the  timber  and  building  It  Into  the  caissons  was  $22  per  1,000  fl. 
B.  M..  Including  the  cost  of  the  launching  way  a,  han- 
dling and  towing,  and  all  labor  and  materials,  but  not 
Including  the  cost  o(  the  timber  in  Che  caissons  and 
cribs.  It  is  likely  that  in  1832  this  yellow  pine  cost 
about  lis  per  If.  In  which  case  the  total  cost  was  t«0  per  M  In 
place.  Since  1.000  ft  B.  M.  =  1,08  cu.  yd.,  each  cubic  yard  of  tim- 
ber would  cost  |13.  It  each  cubic  yard  displaced  by  the  caisson  and 
cribs  was  2G%  timber  (at  tI3  per  cu.  yd.)  and  Td%  concrete  (at 
tS.36  per  ciL  yd.),  then  the  average  cost  was  $7.20  per  cu.  yd,,  to 
which  must  be  added  the  cost  of  sinking  the  caissons,  which  was 
12.48  per  cu.  yd.,  making  a  total  of  |9.G8  per  cu.  yd.  displaced.. 
As  a  matter  of  fact  the  total  cost  actually  was  13.22  per  cu,  yd., 
from  Which  It  would  appear  either  that  our  assumed  price  of  tIS 
per  U  for  the  timber  Is  a  little  too  high,  or  that  the  percentag*  ot 
timber  was  not  quite  25%. 
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For  comparative  purpOMa  It  la  wdl  to  record  here  tbat  •  long 
timber  tre^e,  built  at  the  Kune  time  by  company  forces,  coat  S7.4S 
per  H  for  tabor.  Including  unloodtnB,  framluK  and  erecting. 

WiLKea  are  not  given,  except  for  "preasure  men."  who  recetTsd 
tS.EO  a  dar,  and  worked  an  hour  at  a  time  for  2  or  t  bra.  a  day 
when  at  the  greateat  d^Kh.  It  la  probable  that  common  lBbor«r> 
received  }l.i6  to  tl.GO  and  carpentera  tl.EO  per  day  of  19  bra.,  at 
that  time  and  place. 

Materlati  for  ■  Calnon.~In  buildlnK  a  alngle-track  bridge  for 
the  Illiitole  Centml  R.  R  acrosa  the  Ohio  River  near  Cain,  10  plera 
were  sunk  7i  ft  below  low  water.  The  Irlctlonal  reaUtance  waa 
found  to  be  aoo  to  700  lbs.  per  sq.  ft  of  expoled  aurfaoe.  l^e 
largest  calason  and  crib  ii  30  ft.  wide.  TO  fL  long  and  GO  ft.  high. 
The  total  height  of  the  pier  la  ITT  ft.  <50  ft.  of  calaaon  and  crib 
filled  with  concrete,  and  IZT  ft.  of  maaonry  on  top).  It  contaJna 
the  following  materlala: 

IS1.000  ft.  R  M.  lumber. 

1ST, 000  lbs.   Iron. 

IMS  cu.  ^da.  concrete  In  calaaon  and  crib. 

3.S00  cu.  yds,  maaonry. 

The  pier  meosurea  H  i  4  S  ft.  on  top. 

The  weight  of  the  137,000  lb*,  of  Iron  waa  dlatilbuied  *•  foltowa: 

Cutting   edge tt.ilS 

Comer  platea 8.108 

Air  lock*   (1   pr.  doora  left  In) T.I8T 

Sections  of   shaft 14, BIS 

Rods     S0,670 

Waahera    7.111 

Drift    bolts Sl,eO« 

Boat    spikes 1E.401 


^ts' 


Pipe   ( 3S4  ft.  of  4  In,  > 3,4»5 

Pipe  (  gj  fU  Of  fi  in. ) 1.II4 

Total    ISS,TSS 

Cost  Df  Erecting  Thrsa  ttesl  Viaducts  and  a  Naw  Formula  fw 
Computing  the  Weight  of  Vladuota.*— In  BngtHeering-Ctrntnuiti^g  of 
AprU  3.  10  and  IT  and  May  S,  we  gave  the  coata  of  erecting  a  num- 
ber of  steel  bridges  of  different  apana  and  tyima  In  this  isaue  we 
shall  give  the  cost  of  erecting  several  ateel  viaducts,  and  Aall 
brlelly  discuss  methods  of  estimating  the  cost  of  ateel  viaducts. 

The  modem  ateel  viaduct  I*  a  atniclure  conalstlng  of  deck  plat* 
Kirder  apana  supported  bj-  ste^  bents  resting  on  concrete  pedeatala 
Gach  steel  tient  has  two  legs,  having  a  batter  of  2  Ina,  to  the  foot 
Bents  on  high  viaducts  are  spaced  30  fL  and  60  ft.  apart  alter- 
nately.  BO  that  the  plate  girder  spooB  are  alternately  SO  ft-  and 

■£Hfpf»«srfn0-Co»traelI«(r,  June  11,  lOOT. 
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tftn.  Ions.  Biv«iT  pair  of  benta  30  fL  apart  Is  braced  b^  taoriiontal 
and  diagonal  membera.  thus  forming  a  "tower."  Ordlnai-tly,  (here- 
(oro,  the  num)>er  of  towers  In  a  viaduct  Is  Just  half  the  number 
of  b««itai  and  the  number  of  plate  girder  spans  la  Just  one 
more  thui  the  number  of  bents. 

Eatimatina  WeigtU  of  Vlaductt. — There  are  excellent  rules  or  for- 
mulas for  estlBiatlnK  the  approximate  weight  of  plate  glrdara  and 
tntss  bridgsi  of  different  spans,  hut  the  e^clstlng  formulae  for 
estimating  the  weight  of  viaducts  are  very  unsatisfactory.  The 
editors  of  this  Journal  have  deduced  a  new  formula  for  qstlmatlng 
the  weight  of  steel  In  viaducts  o(  the  type  just  described,  but.  be- 
fore presenting  the  deduction,  wo  shall  quote  the  empirical  for- 
mulas proposed  by  Mr.  C.  P.  Howard.  M.  Am.  Soc  C.  E.  They 
are  as  follows: 

W  =  28  A.  for  height  of  SO  ft. 

W=20A,  for  height  of  80  ft 

W  =  17  A,  for  height  of  90  ft 

W  =  total  weight  of  viaduct  In  Iba 

A  S3  proflle  area  of  viaduct  In  square  feet 

The  above  formulas  are  for  Cooper's  B  40  loading.  Add  20%  for 
Cooper's  G50  loading. 

This  method  of  estimating  the  weight  of  viaducts  by  proflle  areas 
alone  Is  a.  very  common  one.  but  Is  wholly  Irrational,  as  Is  seen  by 
the  tact  that  a  different  factor  Is  necessary  for  different  heights. 
The  proflte  area.  It  should  be  explained.  Is  the  area  on  the  profile 
between  the  base  of  the  rail  and  the  ground  surface,  or  between  the 
lower  chord  of  the  plate  girders  and  the  line  Joining  the  tops  of  the 
masonry  pedestals  on  which  the  towers  resL  It  Is  In  the  former 
sense  (which  Is  most  common)  that  we  use  the  term  proflle  area 
here,  although  the  latter  sense  la  to  t>e  preferred  and  should  be 
generally  adopted.  Obviously  the  weight  of  the  bents,  or  towers. 
bears  some  relation  to  this  area,  but  It  Is  equally  obvious  that  the 
weight  of  the  plate  girders  bears  no  relation  whatever  to  the  proflle 

For  a  live  load  ot  two  lis-ton  engines  and  a  train  weighing  S.DOO 
lbs.  per  sq.  tt.,  the  average  weight  ot  plate  girder  spans  (30  ft,  and 
■0  ft.  alternating)  Is  al>out  60O  lbs.  per  lln,  fL  For  the  eame  load- 
liiK  the  weight  ol  steel  In  ecu^h  bent  Is  about  E40  lbs.  per  lln.  ft.  ot 
height  ot  bent,  for  viaducts  ot  any  considerable  height  Having 
these  data  in  mind,  we  are  able  to  deduce  a  very  simple  and  ra- 
tional formula  tor  estimating  the  Weight  ot  Bte<d  In  high  viaducts. 

Let  A  =  proflle  area  In  sq.  tt. 
L  =  length  ot  viaduct  In  ft 
IT  =  weight  of  viaduct  in  Iba 

A 
Average   height  of   bents  =  — . 

L 
L 
Number   of  b«>ts  =  ^ 
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Thla  last  rquatton  la  sllshtly    In   error.  kEvIdk  on?   bent  too   few 
when  (he  average  length  of  girders  is  45  ft.  (  ^  of  10  +  eO>,  but  tl 
la  close  enough  for  practical  purpfses.    Therefore: 
A       h       A 

Total  height  of  all  benta  =  —  X  ^  =  — . 
L       15        ia 

But  the  n-elght  of  bents  per  lin.  fl,  of  nelght  la  EIO  lbs. ;   bance : 
A 

Total  weight  of  b«nU  =  B40  X  —  =  12  A, 
46 

The  total  weight  of  girder  spans  =  BOOL.    Theroforo: 

W  =  12  A-f  8001,. 

This  Is  a  formula  which  the  «d:tora  bave  used  In  estlmatlag  th« 
weight  of  many  vloducta  of  different  heights,  and.  except  for  very 
low  viaducts  <20  or  25  ft),  or  (or  viaducts  of  antiquated  deaisn.  It 
givea  vory  close  results.  Low  viaducts  are  really  treaties,  with 
bents  spaced  at  equal  distances  and  not  built  with  benta  spaced 
and  braced  so  as  to  lorm  towera. 

We  shall  now  pass  to  a  consideration  of  the  cost  ot  erecttng  two 
viaducts,  and  at  the  close  of  thla  article  wilt  discuss  the  design  of 
masonry  substructures,  indicating  wherein  we  believe  present  prmo 
tice  to  be  extravagantly  wasteful  of  tn^terial. 

Cott  of  Brr.cting  a  SOO-ft.  7((iduc1.-_ThiB  viaduct  weighed  310 
tons  and  was  cre<-ted  by  contract.  The  proflle  nren  was  31.500  sq. 
ft.,  and  the  avernge  height  was  61  ft  The  tallowing  costs  were  tha 
actual  costs  to  the  contractor. 

The  average  force  was: 

fi.OO 


It   will  be  noted  that  foremen's 

olloioeil  travell»B — 
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Loading  darrlcka  and  toolt— 

2  daya  at    2.60 

Framinff  traveler  and  rig  derrick  car— 

21.00 

Erecting  towert— 

— — 

Riveting  towera— 

JoTio 

Filling  baiei  of  potti  wtlh  concrete— 

Erect  (nil  girder  apant — 

T  ta! 

Riveting  girder  apan*— 

".'Aim  S;5S ::::::::::::::::::::::;: 

204.00 

Framing  tlea  for  floor- 

Total  i 

30.75 
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Lavimg  poor — 

It  days  at  (4.00  t  Cl.OO 

1*  days  at     8.S0 iO.OO 

«3  days  at     i.TG 11S.2B 

Tola)    IJI2.i6 

Patnting — flrtt  coat — 

2S\i  dayB  at  »3.2S   »  76-S7 

K       days  nl      3.00   78.00 

20  days   nl    2. SO GO.OO 

Total    T:0<.37 

PaMiita — icconJ  coat — 

21  days  nt  13. ZE   t  eS.2E 

24   flays  at     3.00 73.00 

10  days  at     2.S0 40.00 

Total     1180.25 

Bummary — 

Time    Intvellng t      3*-00 

Undlng  (leriii'ka  and  tooln 75.00 

PratnltiK  Iravoier,  etc. ««.0O 

Erecting    tiavete;- 65.37 

Total  B-'Tic-.al  oupense t    304.37 

Erecting  nwe-s JSS.OO 

Riveting     towe:  s 402.60 

Filling  bases  ot  posts 11.00 

Ererirng  girder  spiinB 403.60 

RlvetlUK  glrle-  stuins 204.00 

FrnmlnR  lies 130.75 

Laving  floor    223.25 

Painting.  flrKt  coal 104.37 

-  ■     ■               ron-l     CO.-X 130.25 


Coal  Co-  <lo;:l  ■'<   engine 120.00 

Blai'ksmitli     eoiil 45.00 

Train  se-vlcc   S  days,  at  125 125.00 

Wear    of     tools 125.00 

Total.  500  lln.   tt..  at  86 (2,936.00 

Sumn)ar:j    prr    ton —  Per  ton. 

General    C!(w:if\    3304 30.90 

Breoilng  imfl   ilvetlng.   81.479 4.33 

Painting.    2   coats.    8385 1,13 

Framing  and  laying  floor.   1853 LOG 

Total    labor J7.40 

Coal,    tl6G 0,48 

Train    Bcn,i.e.    »126 0.37 

Wear  ot   tools.    8125 0.37 

Grand   total |i.G2 

The  cost  of  framing  and  laying  the  floor.  It  will  be  aean.  was  t)E3, 
V  70  ctB.  per  lln.   ft. 
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The  total  coat  of  this  viaduct   to  the  railway  company  was  as 

Steel   superetructure.   labor I  1.24S 

Steel    superBtructure.    materlQls lU.OOO 

Haaonry  substructure,  labor 4,3S0 

Haeonry  substructure,  materials £.200 

Total    *1!.800 

This  Is  equivalent  lo  **e.60  per  lln.  ft.  for  superstructure,  aad 
tl9.10  per  lln.  ft.  for  substructure,  or  I45.S0  par  lln.  ft.  of  Tiaduci. 
The  substructure,  therefore,  cost  30%  of  the  total.  Since  the  steel 
superstructure  n'elgheCt  310  tons,  or  B80.000  lbs..  It  cost  i.Bt  cts. 
per  lb.  In  place.  As  previously  stated,  the  average  height  of  this 
viaduct  was  63  ft.;  Its  maximum  height  was  89  ft.  from  top  of 
masonry  tp  base  of  ralL  It  was  supported  by  B  towers  (or  12 
bents),  the  length  of  the  "tower  spans"  trelng  31  ft.  The  remaln- 
Ing  spans,  or  "open  spans.'"  were  three  spans  of  BT  fL,  two  of 
3S  ft.,  and  two  of  30  fL  The  above  costn  tor  labor  Include  con- 
tract price  for  erection,  salaries  of  engineers.  Inspectors^  etc.  The 
costs  tor  materials  Include  freight  und  train  Ber\-1ce. 

Coat  of  Erecting  a  SM-ft.  riiufuct.— This  viaduct  was  erected  by 
contract,  with  the  saine  gang  as  the  BO0-(t  viaduct  Just  described. 
The  weight  of  the  steel  was  SS2  tons,  or  781. 000  lbs.  The  pronie 
area  was  31,g00  sq.  ft.,  (he  average  height  was  80  (t..  anil  the 
mailmum  height  from  masonry  to  base  of  rail  was  g3  It.  There 
were  7  towers  or  H  bents.  The  "tower  spnns"  were  31  fL  The 
"open  spans"  were:  One  Ol-ft.  span,  three  ST-ft..  one  IS-tt,.  and 
three  30-ft.  spans. 

The  cost  to  the  contractor  was  as  follours: 

Time  traveling — 

S  days  at  IB.OO  110.00 

2  days  at     3.50  T  0« 

1£  days  at     3.2B  18  10 

aO  dayi  at     3.0O  80  tO 

Total    f IlCbd 

Loading  derrick*  tmd   rools — 

4  days   at    »5.00    120.00       ' 

e  days  at     3.2B     19.G0 

10  days  at     3.00    S0.09  ; 

Total    WB.BO 

Erecting  (raveler — 

1  day  at  85.00 IB.OO 

1  day    at     3.B0    S.BO 

1  day  at  J.26    S.8S 

10  days  at     8.00     30.00 

Total    41.78 
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Ertettng  toaert — 

11  days  at  JS.OO     t  &6.00 

10  Oa^a  at      3,Sa     35.00 

22  days  at     3.2B     71.60 

104   days  at     3.00     312.00 

24  dayB  at     2.7B     OO.OO 

6  days  al      1.50     T.GO 

Tolal     IS47.0O 

Rtveling  ioioert — 

S2  days  at  (3,25     (104.00 

S8  (iuyB  at     a. 00     284,00 

S  dayg  at     l.BO     12.00 


Filling  bases  of  pasta  trllA  eonerele — 

4  days  at  »2.75     Ill.OO 

EreellHg  girder  spane — 

12  days  al  I5.U0     t  SO.OO 

12  days  at      S.SO     42.00 

1'4  day*  nt     3.2.S     78.00 

S3  days  at      3.00     249.00 

0  ilayH  nt      l.SO     9.00 

Total     (438.00 

KlreHng  girder  tpans — 

24  6ayB  at  11.25     (  78.00 

SO  days  at     3.00     198.00 

9  day*  at     l.SO     D.tO 

Total     (289.(0 


1S   clays  Ht   (4.00     (72.00 

30  days  at     3.00     90.00 

10  days  at     2.75     27.K0 

Total     (IS9.CiO 

Lai/lng  llooi — 

1 5  days  at  (3,50     (  BI.SO 

1»  ilnVB  at      3. 25     IS«.ti(i 

100  ditys  at     3.00     300. nO 

Total     (608.00 

Palntinff — firet  coat — 

T  diiya  at  (6.00     (  35.00 

3n  days  at      2.76     r.      90.25 

2S  days  at     3.2S     CI  26 

40  days  at     S.OO     120.00 

Total   tsiisi 

PttiMlno—eecond  coat — 

2  days  al   (5.00     f  10  00 

28  days  al      3.26     91  no 

BO  days  at     3.00     180.00 


BRIDGES, 

1 

1 

Erecting     towera S*7.00 

Blvellng   lowera 380.00 

Pilling    bases 11.00 

Erecting   girder   apanB *38.0ct 

Blvetlng   girder   Bpans :!S».EU 

Floor,  iramlne  ties ISO.riO 

Ikying    floor SOB.GO 

FalntlnK.  flrat  coat .tSS.EO 

PainllnK,   second   coat 281.0')                 ' 

Total     13.204.35 

Conl  for  derrick  engine TI.OO 

Bluckemith  coal *5.00 

Train  Bervtco.  5  davB.  at  ti'S ISfi-OO 

Wear    of   tools ISO.OO 

Grand     total t3,«0«.2E 

SuHitnur]/  of  cott  per  ton —  Per  ton. 

General    expense.    (227 »0.R9 

ISretlIng  iind  riveting.   tl.6Ga 1-36 

PalntlnB.   !  coats.  ffiOi I.gO 

Fntming  and  laying  floor.   tSHS I.K3 

Total     tS.SS 

Coal,     111" 0,30 

Wear  of   tools,   1 1 iO. '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'. '.'.'.'.    ('.\i 

Grand   total 19.(3 

Comparing  this  with  the  cost  of  erecllnn  t]v  sOO-fi.  viaduct,  we 
fe  tliat  the  painting  cost  50%  more  per  tun.  anil  ihut  the  work  on 
Ihe  lloor  Klmber  deck)  cost  SO'/r  more.  In  thin  j!^0-fi.  viaduct  llie 
total  labor  on  the  deck  cost  tC98.  or  tl.SO  per  lln.  ft..  n-Dlch  Is 
fully  double  what  it  ettould  have  rost. 

Tlie    total    cost    of   this    680-ft.    viaduct    to   the   r.ailwoy   company 

Steel    BUperBtrueturs.    labor t  Ti.'TiO 

Steel  superstructure,  materials 3l.nF>0 

Masonry  substructure,  labor S.tinO 

Masonry  substructure,  materials 4.240 

Total    137.800 

This  Is  equivalent  to  847.80  per  lln.  ft.  for  supers! I'ucture  and 
Ila.70  per  lln.  ft.  (or  substructure,  or  (fi<.50  per  lin.  (t.  o(  viaduct. 
Therefore  the  subslruclure  cost  20%  of  the  total.  The  sleel  super- 
structure cost  3.03  els,  per  lb.  in  place. 

Coat  of  a  l,no-fl.  TJoducl. — This  steel  viaduct  had  profile  area  of 
97.200  m.  ft.,  and  an  average  height  of  7B<4  ft.  It  had  13  towers 
and  £   "rocker  bents."  making  a  total  of  36  bents.     The  extreme 
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htight  of  bent  from  top  at  maaaory  pedeataU  to  base  ot  mil  was 
104  It.  1  the  average  heisbt  TT  ft. ;  and  the  agsncate  belKbt  of  all 
bents,  t.OOO  (t  There  were  12  plate  girder  "cower  apan^'  of  31  ft. 
over  the  toweri.  11  plate  girder  "o[>en  wpaxm"  of  (1  ft.,  aikd  4 
Slrder  "open  spanB"  of  31  ft. 

The  welshl  of  the  metal  was  1,890.000  Iba 

The  actual  coit  of  erecting  the  viaduct  waa  tS-GO  per  ton.  'Hi* 
viaduct  was  built  and  erected  by  a  contractor  at  the  foUowIns  coat 
to  the  railway  company  for  matertala  end  labor: 

S74.0D0  Iba  girder  apanB  In  place,  at  3.3  cts 1  SG.ISe 

1.004,01)0  Iba.  benta  and  towera.   3.9  ct« S9.iri6 

S.IOO  Iba   sheet  lead,  at   I  ctB S!4 

132.000  ft.  B.  M.  In  floor  eyatetn.  at  t:S t.300 

Total   Buperstructure t  IS,SSG 

1,000  cu.  yds.  dry  exnivallon.  at  40  eta 4.000 

840  cu.  yds.    wet    excavation,   at    tZ 1,130 

216,000  ft    B.    H.   sheet  piling,  etc..   In   cofFerdams, 


..  yda  c 
1.800  lbs.  Ii 

Total   Buperstructure t  SI.OOT 

Engineering,  shop  Inspection,  etc B.BOO 

Qrand    total f  10S.S73 

The  cost  per  lln.  ft.  of  vlai]uct  was; 

Per  )ln.  ft.      Per  cenL 

Superstructure    IIS.IS  Sl.S 

»ubstruclure    ZT.Bii  30,4 

Bnglneerlng    4.T7  S.3 

Totals   t90.2B  100.0 

The  foundations  of  two  of  the  towera,  el^t  masonry  psdeslals  ta 
a.11.  ware  In  water,  which  ran  up  the  total  cost  of  substructure  very 
considerably.  NevertheleM,  the  cost  of  the  substructure  of  the 
majority  of  steel  viaducts  of  large  slse  la  usually  a  far  higher 
percentage  of  the  total  cost  than  It  should  be.  This  Is  due  to  the 
fact  that  bridge  engineers  are  generally  very  painstaking  In  the 
economic  design  of  superstructures  and  not  So  painstaking  In  the 
design  of  BUbatructures.  Because  the  design  of  a  superstruclnre  fs 
an  exact  science,  there  ii  an  attractiveness  about  such  worli  easy 
to  understand  Because  the  design  of  foundation  Is  merely  by 
rule  of  thumb,  there  Is  less  of  fascination  In  the  wortc.  This  par- 
ticular viaduct  Is  a  ^ilendld  example  of  our  contention  that  raigt- 
neers  usually  put  altogether  too  little  brains  Into  designing  *ul>- 

The  concrete  pedestals  of  the  substructure  rest  on  rock,  with  the 
exception  of  eight  pedestals  which  have  pile  foundatlona  Tet  every 
one  of  these  concrete  pedestals  Is  designed  exactly  as  if  It  were  In- 
tended to  rest  on  soft  earth,  as  is  shown  In  Fig.  IE.     ft  will  be 


Been  that  each  pedeslal  haa  a>  baie  of  110  an.  n.  Even  at  a  poUib 
where  the  viaduct  la  SO  ft.  bigh,  aa  In  this  caae.  the  weight  of  the 
neel  Ib  leas  than  1.700  Iba.  per  Un,  ft  The  timber  Qoor  ayatem 
would  odd  only  «  little  more  than  300  lbs.  per  lln.  ft,  making  a 
total  of  2,000  tba.  Adding  a  live  load  o(  6,000  lbs.  per  lin.  (t.  to 
this,  we  have  7,000  Iba.  per  lln.  ft.  Each  bent  has  to  mpport  tlie 
weight  of  4E  llD.  ft.  of  bridge,  or  46X7,000  =  315,000  iba.  But 
this  la  dinrlbuled  over  two  pedestaJa,  making  a  load  of  IGO.ODO  Iba 
per  pedestal,  or  80  tons.  If  wind  preaaure  were  to  raise  this  to 
110  tons,  the  load  on  the  foundation  would  be  1  ton  per  sil.  ft.,  for 
we  have  110  sq.  ft.  of  foundation  area. 


Fig,   15.— Pedestals  for  Steel  Viaduct. 

Beld's  "Concrete  and  Reinforced  Concrete  Construction,"  p.  40S. 
gives  the  safe  bearing  power  of  soft  clay  ut  1  (on  per  sq.  ft.,  and 
of  ordinary  loam  at  3  tona  Hence  the  absurdity  of  providing  avr 
such  area  of  iiaiw  as  In  thla  pedestal  under  dlscuseioii,  for  It  la 
resting  not  on  earth  but  on  roclc.  It  Is  perfectly  clear  thut  the 
designer  could  have  saved  60  or  70'^  of  the  concrete  masonry  In 
each  of  these  pedestala,  had  he  not  followed  a  rule  of  thumb  which 
la  applicable  only  to  foundations  resting  on  earth,  and  not  always 
applicable  even  to  them. 

It  1b  no  unusual  thing  for  earth  to  be  called  upon  to  support  10 
tona  per  sq.  ft,  and  there  are  few  places  where  S  tons  can  not  be 
safely  Imposed  on  each  square  loot.  A  bridge  engineer  who  Is 
seeking  to  effect  every  possible  economy  should  visit  the  site  of 
every  large  structure,  and  personally  teat  the  betirlng  power  of  the 
earth,  by  digging  teat  pita  to  the  proposed  depth  of  foundation 
wh«r*  possible. 


,(ao 
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noticeable  economic  defect'tn  the  design  of  theao  pode«- 
eieavatlon  ot  the  rock  so  as  to  [orm  a  square  footings 
huvlng  BO  alifiht  a  transverse  slope  as  that  shown  In  Ihe 
need  not  be  excavated  at  all.  A  few  drill  holes^  In 
whioh  larKe  donel  pfns  are  placed,  will  serve  every  purpose  In  pm- 
'Idlns  against  possible  sliding  of  the  masonry  en  the  ledge  roclc 
inder  the  vibration  of  passing  lraln& 
CMt  Of  the  Pacot  Viaduct.*— The  Pecos  Viaduct,  Texas,  was  built 
n  1891  for  the  Galveaton,  Unrrlaburg  &  San  Antonio  Ry.  It  la  a 
single  truck  steel  viaduct  :i,lSO  ft.  long,  and  321  (t.  high  at  tlw 
center.  The  viaduct  Is  built  on  a  peculiar  proflla.  For  1,070  ft.  of 
end  the  average  height  o(  the  viaduct  la  SI  ft..  th<^  the 
ground  drops  ott  precipitously,  so  that  for  a  dlataoce  ot  COO  fL  Ihe 
0  fL  hlgli  and  rest  on  masanry  piers,  of  varying 
heights  up  to  80  ft.  Then  the  ground  rises  on  an  almost  uniform 
the  last  pier  on  the  east  end.  The  proflla  area  between  the 
base  of  rail,  and  the  tops  of  masonry  plera  Is  approximately  £80.- 
0011  Bi|.  ft.  Dividing  this  by  the  length  gives  129  ft.  as  the  average 
height  of  the  viaduct  None  ot  the  tower  piers  Is  under  water  at 
ater.  but  three  of  them  are  submerged  at  limes  of 
high  water.  There  are  33  towers  and  the  tower  spans  are  plate 
girders  3B  ft.  span.  The  spans  between  the  towers  are  8  riveted 
alllce  girder  spans  of  65  ft..  ! -pin -connected  cantilever  spans  of 
.72  fL,  and  one  SO  ft.  suspended  span.  The  masonry  piers  were 
built  In  ZZD  working  days.  Tht  ateel  vrark  was  erected  In  118  days, 
including  24  days  required  to  build  a  traveler  weighing  116  tons 
and  6  days  to  take  It  down  and  move  It  to  the  opposite  side  of  the 
'Iver.  The  erecting  gang  average  00  men  and  at  no  time  exceeded 
e  average  amount  of  steel  erected  were  11.000  lbs.  per  day 
?  86  days,  or  39,E00  Iba  per  day  for  the  118  daj-a, 
fes  were  t2.J0  a  day.  tills  would  be  equivalent  to 
per  lb.;  exclusive  of  the  cost  of  erecting  and  moilng  Iho 
',  or  0.5  cL  per  lb.  Including  erectlug  and  moving  the 
The  actual  wages  paid  are  not  avnllabla  but  werp  sppn- 
■onslderably  more  than  12.50.  for  the  actual  coal  of  erecting 
.diict  was  0.37  cl.  per  lb.  InclufUng  not  only  the  rast  ot 
;  the  traveler  hut  the  coat  of  the  traveler  Itself. 


Tlie  welKht  o 


til!  I 


s  follov 


Lbs. 

:3  girder  spuniL  35  ft.  long 4!1d.550 

.'  girilor  spun,   35  ft.   long ZJ,«10 

Ice  fflrder  spans.  65  fL  long 351. 1!0 

ice  girder  spun,   SO  ft  long ST. BIO 

tilevera.    172^1,    fL   long 473.<0* 

bolts  and  railings 51.8*0 

lul  Buperslnicturo l,4<i,370 

i  ;ind  nnHnr   holts 2.147.110 

and    lolul    3,40>,S(0 

Ci-ntrncllna.  I)w.   2,   IBOS. 
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The  cost  wuE  ns  tolloiTB: 


S.GOfl.teO   lbs.    neel  deltve 
Brwtlnft.  I  mil' —  


o'ft.  B.  M."lfnS 


Total    I23S.310 

This  ia  equivalent  to  tll9  per  I'n.  ft, :  iiii<l  the  n-Hght  nf  hIivI  n-is 
1,(1  GO  lbs.  per  lln.  ft. 

It  will  be  noted  that  the  masonry  pedestals  coat  only  1S<:!.  of  the 
total  coBt  of  the  viaduct. 

Coct  of  tha  Marant  viaduct.*— in  1SB4  a.  slnsle  track  Iron  viaduct 
was  built  for  the  Northern  PaclHc  Ri'.  across  Marent  Gulch  to  re- 
place a  limber  viaduct.  The  proHle  area  of  this  viaduct  Is  SS.TDO 
sq.  ft.  below  the  top  of  the  itrlngers.  and  the  length  of  the  viaduct 
Is  BOO  ft.  so  the  average  height  Is  practically  »e,000  -i-  SOO  =  ISO  ft. 
iienrly.  It  has  two  towers,  each  ZOO  ft.  high:  t«-o  towers.each  120 
ft.  high  ;  and  four  short  bents. 

There  are  i  plate  girder  spans  at  the  ends,  each  30  ft. ;  5  truss 
spans,  each  110  (t.  long:  girders  23  ft.  long  over  eoch  of  the  four 
towers.  The  foundation  piers  are  of  concrete,  of  which  -lh?re  was 
514  ru.  yda  In  all.  The  viaduct  contained  the  foUowIng  amount  of 
Iron  and   steel : 

'  Lba 

Towers   and   bents Si2,900 

5  deck  truss  spans 469.100 

Floor    system 297.837 


4  plal^  , .. 

Miscellaneous    . 


Total,  at  2,I3S  lbs.  per  lln.   ft l,SSe,G50 

This  Is  equivalent  to  IT.B  lbs.  per  sq.  tt.  of  profile  area. 
The   iron  woi*  cost  3.SG   cts.   per  lb.   delivered  at  St.    Paul,   and 
the  "trafflc  charges"  for  transporting  the  Iron  and  other  materlala 
from  St.  Paul,  at  1  ct.  per  ton  mile,  amounted  to  t24,743. 
The  total  cost  was: 

Foundations     t  Zl.«e4.Ga 

Masonry      30.0T9.81 

Towers,  materials  and  labor 40,1SS.44 

Superstructure,   mitorlnls  and   labor. . .      3«,I>9S.S4 

Timber,    floor 4,701.43 

Painting     1.820.T4 

Permanent     track US. OH 

BnRlneerlng   and    Incidentals S.OSS.IS 

Permanent   track IK.OS 

Total     »liJ.362.IS 

Traflle     charges 24.743.18 

Total,  at  1222.63  per  lln  fL JITS, 105. S4 

•Fnirlnrrrinn-ConlraHinB,  Dee.  2,  180K, 
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The  cost  of  erActlng  the  towers  vaa  flE.SOO,  and  of  erectliiK  th« 
niimmructure  Optuia  tuid  ttoor)  wu  t>.SOa,  or  a  total  «f  tll.t«« 
tor  erectluft  S40  tmiB,  or  oetirir  121  per  ton.  ThJa  eicMdlntfy  bisli 
co>t  l>  said  to  have  be«i  due  to  high  wage*  and  to  worklDg  In  th« 
winter.  It  appears  however,  to  have  been  due  to  the  luual  btsi- 
nea>  of  men  doins  "company  work." 

"nie  (oIlowlDB  were  Uie  qiuutltle*  Id  Om  Bubatmcture,  Incladlne 
the  abutments: 

Cuyd* 
Rock    excavation l.Sii 


It  cost  tl.m  to  remove  the  old  wooden  viaduct,  which  con- 
tained 870,000  ft.  B.  M.,  or  about  |T,70  per  M.  for  removing-  this 

Skilled  labor  received  II  to  14.60  a  day.  The  cost  of  erecllnx 
and  removEoK  the  temporary  buildings  In  which  the  men  lived  wa» 
12.700.  Depreciation  oo  plant  was  estimated  at  S4.E00.  Both  tliese 
Items  are  Included  al>ove. 

For  comparison,  [he  following-  welKhts  of  a  viaduct  of  the  same 
average  helsht  are  given  by  Mr.  H.  G.  Tyrrell.  The  weight  of  a 
single  track  railway  viaduct  120  ft  hlKh.  with  tower  bents  30  ft.  c 
lo  c..  and  Intermediate  girder  spans  of  tO  4t,  was; 

Wt.  per  lln.  ft. 

Bpans     G12  lbs. 

BenlB     96i  Iba 

Traction  bracing SH  Iba 

Total   1,941  lbs. 

Taking  tbe  cost  of  BteeH  In  place  at  3  ^  eta.  p*r  lb.  for  girden  and 
4  Cts.  per  lb.  for  bents  and  bracing,  the  cost  per  lln.  ft.  la  }TS  for 
the  iteeL     To  this  must  be  added  the  cost  of  ths  concrete  pedestal 

Cost  of  the  Old  Kinaus  Vladuet.—Mr.  Thomas  C.  Clark  gives  the 
following  data  relntlve  to  the  original  Kinsna  vladoct  built  In  18S2 ; 

The  vinduci  was  £.050  (t.  long.  302  tL  high  at  the  center,  and 
weighed  only  1,400  tons,  or  T.36  lbs.  per  sq.  ft.  of  proOle  area.  It 
was  designed  for  a  live  load  of  an  SO  ton  consolidation  engine  to3- 
lowed  by  a  train  of  1,000  lbs.  per  lln.  ft.  Bough  calculations  from 
a  small  profile  Indicate  that  the  profile  area  was  about  SgO.OOO  aq. 
fL  below  the  base  of  ralL  The  viaduct  was  erected  by  a  gang  of  40 
men  In  4  mos..  using  one  traveler.  The  Iron  work  was  delivered 
at  only  one  end  of  the  ravine,  and  slid  down  along  a  trou^  to  a 
point  below  the  traveler.  The  tower  girders  were  18  H  ft.  long, 
and  the  Intermediate  girders  81  ft.  long.  Hr.  Clark  claims  that 
the  nrst  American  viaduct  -was  designed  by  C.  Shaler  Smith,  the 
viaduct  being  really  a  high  trestle  with  iron  poata  Ur.  Clark,  In 
1870,  designed  the  drat  modem  type  of  viaduct,  consisting  of  braced 
towers   supporting  Intermediate  glrdera 

Hr.  Clark  stales  that  the  cost  of  erecting  the  Klnsua  viaduct  was 
less  than  112  per  ton.  which  Is  equU-alent  to  tK.BOO  for  erecting 
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the  entire  viaduct ,.  This  doea  not  agree  very  wet]  with  hia  rtate- 
ment  that  40  men  erected  ft  In  *  itkih.,  for  Uiat  would  be  about  <,000 
man-days,  and  It  la  not  likely  that  any  such  wagea  at  14  a  day 
were  paid,  unlssa  the  height  at  which  the  men  worked  led  to  a  de- 
mand for  high  wages.  It  wages  averaged  12.50  a  day,  the  labor 
coat  would  hare  been  about  IT  per  ton.  As  a  nuitter  ot  fact  this 
aame  viaduct  was  removed  In  lt>00  and  a  new  one  bufit  In  Its  place, 
the  ooat  of  erectl<Ki  (Including  removal  of  the  old  viaduct)  b^ng 
given  below. 

Cort  of  the  Naw  Ktnzui  Viaduct,— Mr.  C.  R.  Grim  rIvcs  the  fol- 
lowing data  about  the  Klniua  viaduct  on  the  Erie  R.  R.,  In  Mc- 
Kcan  County,  Pa-  It  was  built  In  190D  to  replace  an  Iron  viaduct 
built  19  years  before.  The  viaduct  Is  3.053  ft.  long,  rests  on  the 
Old  piers,  and  has  £0  towers,  ranging  from  30  to  SB5  ft,  high  from 
masonry  to  base  of  rail,  and  has  a  profile  area  of  about  380.000  sq. 
ft.  below  the  base  of  ralL 

The  weight  of  the  6wik  spans  Is  OS  tans,  and  that  of  the  towers 
Is  2,715  tons,  total  3.353  tons,  iwo  travelers  were  used,  working 
from  opposite  ends.  Each  traveler  q>aned  a  clear  space  of  160  ft.. 
having  an  old  tower  In  the  middle.  The  work  of  removing  the 
old  viaduct  and  erecting  the  new  one  consumed  i  moa,  with  a  force 
of  about  120  men  at  10  hrs.  a  day.  Charging  the  entire  cost 
ngalnst  the  new  viaduct,  and  assuming  that  wages  averaged  12.50 
a  day.  the  labor  coat  would  be  about  (30.000  or  19  per  ton.  The 
weight  was  about  17. (  Iba  per  sq.  ft.  of  profile  area. 

Weight  of  •  StuI  Viaduct.— A  single  track  steel  viaduct  was  built 
In  1904  near  Paolt.  Ind.,  for  the  Chicago,  Indianapolis  ft  l<ouIs- 
vllle  Ry.  It  Is  g7ff  ft  long,  and  ST  ft  high  in  the  center.  It  has  2 
abutments  and  3S  small  pedestal  piers,  four  under  each  tower.  Tlie 
abutments  are  SO  ft  high.  The  pedestal  piers  are  3<f^  ft  square 
on  top  and  extend  down  to  solid  rock,  a  distance  of  3  to  12  ft.  below 
the  ground.  There  are  4.300  cu.  yda  maaonry  In  plera  and  abut- 
ments, and   1,091,000  Iba  steel  and  cost  Iron  In  the  viaduct 

Data  sn  Rlwating  a  Viaduct— In  the  construction  ot  the  Cuyahoga 
Valley  Viaduct,  there  were  18,889  seven-eighths  Inch  rivets  driven 
In  the  Hold.  The  average  day's  work  for  a  gang  ot  4  men  was 
192  rlveta  The  beet  day's  work  was  315,  alt  hand  driven.  The 
defective  rivets  amounted  to  leas  than  2  per  cent 

Cost  ot  Concrata  Pedestals  for  ■  Stesl  Viaduct — The  viaduct  was 
410  tt.  long  with  towers  30  ft.  high  on  the  Canadian  Northern  On- 
tario Ry.  The  concrete  work  conslatad  of  10xl0x4-ft  fooUnga 
carrying  pedoatala  5  k  6  ft  on  top  with  sidea  battered  I  hi  12  to 
meet  the  footings.  The  tops  of  the  pedestals  were  all  at  the  same 
elevation  but  their  height  varied,  the  highest  being  18  ft  above 
tops  of  footing.  The  pedestals  were  cored  for  anchor  bolts.  The 
total  amount  of  concrete  In  the  w  '  "  "■■"     ''  — --i-"- 

tiSM  cu.  yda  were  in  the  footing 
pedeatala     The  concrete  t 
cement  for  the  footings:  and  a  1 
cement  tor  the  pedestala     Altogether  3 


9  were  corea  lor  ancnor  ooics.  rna 
5  work  was  TllVi  cu-  yda,  of  which 
itlngs  and  405  cu.  yds.  were  In  tlie 
I  1-2^-4  mixture,  taking  11/2  bbla 
a  1-214-4  mixture,  taking  1<4   bbls. 
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used  for  the  Tll^  cu.  yds.  of  concrete.  Includlns  44  bags  tit  Vat 
1-2  mortar  top  dressinK  and  lE^  bass  for  washfnK,  plaaterios-  eu-. 
Excavatioti. — The  pits  for  the  footings  were  12  tU  oquare  car- 
ried down  Into  hard  clay  through  &  or  S  ft.  of  send  and  clay  and  a 
1-ft.  layer  of  driftwood.  The  average  depth  of  pit  was  11 K  ft- 
the  maximum  depth  la.t  ft.  The  material  naa  handled  by  a  bone- 
power  derrick.  conslBtlng  of  a  Kuyed  mast  and  a  boom  set  at  ^i'■ 
The  bucket  was  lifted  by  a  double  purchase  block,  tha  fall  of  tbr 
line  being  carried  to  u  pulley  sat  a  few  feet  to  one  side  of  the  most 
and  thence  to  a  whlBletree.  This  gave  enough  side  pull  on  tbe 
boom  to  swing  the  bucket  clear  of  the  excavation.  To  bold  the 
boom  flied  during  hoisting  and  lowering,  a  line  from  the  end  wt' 
carried  to  the  far  side  of  the  excavation  and  operated  by  one  man. 
One  man  drove  the  horse.  Two  ^-cu.  yd.  buckets  were  eanploynl. 
one  being  filled  as  the  other  wna  being  dumped.  There  were  l.tIT 
cu.  yda  of  excavation  which  cost  as  follows: 

Itema  Total.      Per  cu.  yd. 


General   expenses    

Foreman.    SS  days  al    ._ 

I-abor.    323  days   at    11. «0 EIT  0.458 


..tl>4 
■a  "I   »3 

Totals    fSfii  (0.;e9 

Formt. — The  forms  for  the  footings  were  rough  S-ln.  lumber 
braced  to  the  pit  walls.  The  pedestal  forms  were  made  of  !-ln. 
dressed  lumber.  Fire  setB  were  made.  Each  form  waa  made  K 
ft.  high  and  was  added  to  at  the  bottom  for  the  taller  pedealali 
and  cut  off  for  the  shorter  pedestala  which  were  built  laeL  Two 
sides  of  each  form  were  built  In  panels  or  unlt^  and  th«  two  Other 
sides  were  built  up  board  by  board  as  the  concreting  progressed. 
The  solid  panel  sides  were  held  together  by  two  wire  ties  every  I  ft- 
In  height :  one  tie  every  3  ft.  held  the  other  two  sides.  These  ties 
were  Na  9  gage  wire  looped  around  studs  and  tightened  by  twist- 
ing. There  were  also  core  forms  for  the  anchor  bolts,  each  a  box 
4  ft.  long,  fl  tna  square  on  top  and  GK  tna  square  on  the  bot- 
tom.   The  cost  of  the  formi  was  as  follows : 

Liunber —  Total.     Par  cu.  yd- 

7.000   ft    B.    U.    Z-In.  derrick  at   III   per  M (Ill 

2.000  ft   B.  M.   Z-ln.   rough  at   flS  per  U St 


750  ft.  B.  M.  Sn4-ln.  scantling 
Onrta—    •"  ="  —  "   - 
Anchc 


Cartage.  12. BO  per  M.  ft.. 


Totals    1217 

Deduct  sali-age  *10 1297  t  0.!9 

Wire,  Ties,  Nails— 

S  rolls  No.  9  at  8  eta il? 

200  Iha  wire  nails  at  |2.iO E 

Totals    117  10.02* 
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Carpenter.  2S  daj's  at  13.50 t  TO 

Heli>era,  38  days  at  t'-TS «7 

Totals     I13T  (0.193 

Grand  tomls   |3«1  J0.50T 

Concrfte. — Tlie  concrete  was  mixed  by  hand  on  "boarda"  aet  close 
to  the  piers  and  was  shoveled  directly  Into  the  forms.  The  mate- 
rials wore  transported  to  the  boards  In  .wheelbarrows.  A  gnng  of 
I  (oreman,  B  barrowmen,  t  mliers  and  1  roan  In  the  form  aver- 
itfced  2S%  cu.  yds.  per  day,  or  a  little  over  2  cu.  yds.  per  man 
working.  The  maximum  day's  work  was  3S  cu.  yds.  witli  IS  men. 
The  concrete  was  depoalted  moderately  wet  and  the  mortar  was 
npaded  to  the  mirface.  The  top  3  Ins.  of  the  pedestals  was  built 
of  I-S  mortar.  The  exposed  surface  of  the  piers  was  wsflhed  with 
a,  thin  cement  srout :  about  1  bas  of  cement  was  required  for  3S 
■q.  ydsi  of  surfaco.  One  man  covered  T\4  sq.  yda.  per  hour,  using 
an  ordinary  whitewash  brvili.  The  cost  of  the  concrete  work  was 
ns  follows: 

Materials—  Total.     Per  ou.  yd. 

173  cu.  yds.   rubble  stone  at  tO.83 %    147  f  0.307 

!>r>fi   cu.   yda    2-]n.    stoni^  at  tl.STE 1.041  1.463 

ISO  cu.  yds.  sand  at  t1.2e 383  D.SIO 

340    bbla.    cement   at   tl-SO l.i>12  1.121 

Cartage  at  IG  eta  per  bhl 136  0.103 

Totals    |B,1»0  I  4.«8i 

Poramnn.  2S  days  at  14 1113  %  O.IS; 

Laborers.   343  days  at  tl.7S 100  0.S43 

Totals     171!  t   1-000 

Oeneral  Bxpeniet. — General  eicpenses  were  ae  follows; 

Superintendence    |23».G0 

General   labor    78.40 

Interest  and  depreciation  on  plant  tools...     70,50 

Total    t3SS.40 

Tills  gives  a  charge  of  ST.S  cts.  per  cubic  yard  of  concrete. 
Tliere  were  also  the  following  Items  of  cost: 

34  M.  ft.  B.  M.   ex8-ln.  hemlocli  at  ISO (480 

lAljor  backfllllng  piers    . . .- 102 

Platforms,    runways,   etc tt 

Total    (708 

We  ran  lummarlze  the  cost  of  concrete  work  as  fallows: 
Per  cu.  yd. 

General  expenses   (M   of  1388) ta.!T3 

Platforms,   runways,  etc 0.097 

Forms    O.GOT 

Labor     1.000 

Materials    4.tS4 

Total     IS.S41 

Mr,  J.  H.  Rychermnn  Is  aulhority  tor  the  above  data. 
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Ca*t  of  Abutmsnts  and  Pad«*tal  PFart,  Lo?wiema  ValMy  Viaduct. 
— Mr.  Ouatave  R.  Tuaka  glvea  tliB  tollowlUK  on  U»  concrMe  aub- 
atnlcture  of  the  LiODMome  Valley  Viaduct,  near  Knoivllle,  Tenn. 
There  were  two  U-shaped  abutmeQta  and  3B  concrete  padeatal  piers 
made  of  a  light  llmeatone  that  detertorslea  rapidly  when  used  for 
masonry.  Derricks  were  not  needed  hi  would  have  been  the  case 
with  masonry  ptera.  and  colored  labor  at  fl  tor  11  hnL  fould  bv 
used.  The  piers  were  made  *  ft.  equsre  on  top,  from  5  to  16  ft. 
high,  and  with  a  batter  of  1  In.  to  the  foot.  The  abutments  aver- 
age ES  ft.  high,  ZE  rt.  long  on  the  face,  with  wing  walls  S7  ft. 
long;  the  wall  at  the  bridge  seat  Is  G  ft  thick,  and  the  wln«  walla 
are  3ti  ft.  wide  on  top.     Batters  are  1  In.  to  the  toot 

The  forma  were  made  of  Z-ln.  tonfnied  and  grooTed  plank,  braced 
by  poata  of  2  x  10-<n.  plank  placed  t  ft  c.  to  c.  for  the  abutm«)(i^ 
and  at  each  comer  for  the  plera  At  the  comers  one  aide  waa 
dapped  into  the  other,  no  at  to  prevent  leakage  of  cement.  The 
post*  were  braced  by  batter  posts  from  the  earth.  For  the  plvrs  a 
square  frame  was  dropped  over  the  forms  and  spiked  to  the  poata 
Tbe  abutment  forma  were  built  up  aa  the  concreting  progTsaaril. 
The  north  abutment  (orma  were  made  In  aectlona  E  ft  high,  held  by 
K-ln-  bolts  burled  In  the  concrete.  The  lower  sections  were  re- 
moved and  used  again  on  the  upper  part  of  the  work,  thua  saving 
Plank.  The  Inalde  of  forma  waa  painted  with  a  thin  coat  of  crude 
black  olL     The  aame  form  was  uaed  for  aeveral  plera. 

The  concrete  was  1:2:6,  the  barrel  being  the  unit  of  meaaurc^ 
making  about  %  cu.  yd.  of  concrete  per  batch.  Tbe  mortar  waa 
mlved  with  hoes,  but  shovels  were  used  to  mix  In  the  stone.  By 
liasslnK  the  blade  of  a  shovel  between  the  form  and  the  concrete, 
the  Btone  was  forced  back  and  a  smooth  mortar  face  was  secured. 
Bammera  weighing  30  to  40  Iba.  were  used  for  tamping.  Two  days 
after  the  completion  of  a  pier  tbe  forms  were  removed.  The  con- 
crete was  protected  from  Che  aun  by  twigs,  and  was  watered  twice 
a  day  for  a  week.  It  waa  found  by  actual  meaauremeot  that  1  cu. 
yd.  of  concrete  (1:£:E).  tbe  Ingredlenta  being  measured  In  barrela; 
conslaied  of  l^  bbia  of  Atlas  cement  to  cu.  ft.  of  aand  and  it% 
cu.  ft  of  atone.  The  total  amount  of  concrete  was  S2t  en.  yds.  of 
which  two-thirds  waa  In  the  two  abutmenta  The  work  was  d<Mie 
(In  1894)  tiy  contract  for  (7  per  cv.  yd.,  cement  coating  ftM  per 
bbl.,  sand  30  eta  per  cu.  yd.,  and  wages  tl  a  day.  A  slight  profit 
was  made  at  thia  price.  A  gang  of  15  men  and  a  foreman  would 
mix  and  lay  about  40  cu.  yda  In  11  hra  when  not  delayed  by 
lock  of  maCerlala  The  cost  of  making  the  cmcrete,  with  wagea  at 
tl  a  day,  was: 

Cents  per 
cu.  yd. 

1  man  filling  aand  barrels  and  handling  water S.T 

2  men  Oiling  rock  barrela  S.4 

4  men   mixing   sand   and   cemenl 10.4 

4  men  mixing  atone  and  mortar I0.( 


eu.  yd. 

2  men  wheelInK  concrete S.S 

1  man   apreadlng  concrete  In   place    l.T 

1  man   tamping    S.T 

Total    labor    40.0 

I  foreman  at  IS    G.O 

Total  eicliulve  of  twcmt  4G.D 

If  wages  had  been  I1.E0  a  day  Instead  of  (1.  the  labor  coat  would 
have  been  SS  cto.  per  cu.  yd. 

Com  of  Paint,— Mr.  Walter  O.   Berg.   Chief  Engineer  ot  the  Le- 
high Valley  R.  R..  glTei  the  tollowlng  on   painting  Iron   railway 

Oxide  of  Iron, 


e  of  Iron,  at  1  ct 10.08 

lb&>  raw  Unseed  oil.  at  E<  cts 0.17 

Coat  of  I  gnl.  of  paint  fO.ES 


SV.    Ibi. 
i/S  gnl.   I 


20  tlis.   re<l  lead,  at  G  eta , (1.00 

%   gal.   (E<4  Iba)  raw  llnsee<t  oil,  at  e«  cti. 0,42 

Cost  of   I    gal   ot  paint    (1.42 

GrapMle. 

S^  lbs.  graphite  paste,  at  IS  cts. I0.1G 

%    gal.  boiled  linseed  oil.  at  E9  cts 0.4G 

Cost  ot  1   gal.   ot  paint    fO-SO 

Wslght  and  Surface  Am  of  Steal  eridgee,— Hr.  C.  B.  Powier. 
Chief  Engineer  Youngatown  Bridge  Co.,  gives  a  table  of  the  weights 
of  Iron  highway  and  single  track  bridge  truesea,  and  the  corre- 
sponding areas  of  metal  requiring  painting,  as  determined  "by 
actual  calculation  In  a  large  number  of  cases."  I  And  by  a  study 
□r  the  tables  that  they  can  be  very  simply  expressed  In  rules  or 
formulas,  as  foltows:  For  a  highway  bridge  divide  the  weight  of 
metal  In  pounds  by  T  to  get  the  area  of  metal  surface  in  square 
feet.  This  applies  to  highway  bridges  IS  fl.  wide,  calculated  for  a" 
Jloor  load  ot  90  lbs.  per  sq.  ft.,  for  all  spans  from  40  to  30O  fL  For 
a  single  track  railway  bridge,  divide  the  weight  ot  metal  In  pounds 
by  12  to  get  the  area  of  metal  surface  In  square  feet. 

The  wel^t  In  pounds  of  metal  In  a  highway  bridge  Is  found  by 
adding  ED  to  2  times  the  epan  In  feet  and  multiplying  this  sum  by 
the  span  In  feet.     Elxpressed  In  a  formula  this  rule  Is  v  =  LliL  + 

The  weight  In  pounds  of  metal  tn  a  single  track  railway  bridge 
Is  found  by  adding  400  to  4.S  times  the  span  In  feet  and  mulllply- 
ing  this  sum  by  th*  span  In  feet,     w  =  I.  (4.S  L  +  400). 

Cost  of  Painting  s  Hows  Truss  Brldgs, — The  bridge  was  painted 
with  two  coats  of  paint  costing  $1  per  gallon.  One  gallon  covered 
Its  sq.  ft,  two  coats  thick,  and  a  painter  averaged  KO  sg.  ft.  two 
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coata  thick,  pei-  10  lire.,  or   332   ■].  (t  of  one  coat   per   day.      Tl* 
toat  was,  iheretore.  aa  tollowa: 

Ct*.  per         CiB.  per 

Paint,  two  cents   0.7&  S.8 

L^abor  palnllng,  two  coaia  (17 ^  ctB.  per  hr.) 1.1  B  It.: 

Total    1.90  IT.l 

Coit  of  Painting  6  R.  R.  Bridg**.— Three  spans  pin -conn  err  led 
Pratt  truss  bridges,  sach  US  ft.  long,  14  ft.  wide  and  ZU'i  '■-  hiKti. 
ware  painted  with  one  coal  at  a  coat  of  tIE  per  span  Cor  labor  One 
span  required  So  Rale,  of  aaphaKum  pafnt  coatlne  fiS  rts.  per  gnl. 
The  other  spana  received  27  gals,  of  carbon  paint  each,  at  tl.50 
per  K^Uon. 

A  riveted  Pratt  trusa  bridge,  94  ft.  long,  1*  fl.  wide  and  20  (I. 
liigh  was  given  one  coat  of  black  carbon  paint,  23  gala.,  at  JI.i» 
per  gal.     The  latwr  was  |10. 

A  double-Intersection  riveted  lattice  tnias  bridge,  iS  ft.  long.  14 
ft.  wide  and  2o  ft.  high,  waa  repainted  with  one  coat  of  carbon 
palnl,  2e  gala,  at  11.50  per  gal.     The  labor  coat  146. 

A  single  intersection  lattice  trus«  highway  bridge  (20-rt.  road- 
WU}'  and  two  8-ft.  sidewaiha),  1D6  ft.  long,  was  painted  with  one 
coat  o(  black  carbon  paint,  3E  gals.,  at  |1,2G  per  gaL  The  labor 
coat  tE9. 

Cost  of  Pilntina  B  R.  R.  Brld^ei  and  2  Vl»ducti — Hr.  O.  E. 
Selby.  In  Trans.  Am.  Soc  C.  E.,  1891,  has  a  paper  on  the  coal  of 
painting  the  Loulaiille  and  JefleriKinville  Bridge  acroaa  the  Ohio 
Hlver,  The  work  was  begun  June  S,  and  finished  Aug,  7.  ISSi. 
There  waa  practically  no  traffic  over  the  bridge  during  the  work. 
which,  of  course,  leanened  the  coat  of  painting;  and  the  iron  being 
new  required  no  great  amount  of  cleaning.  The  force  avera|[ed 
about  50  men  with  1  foreman,  1  assistant  foreman  and  I  time- 
keeper. The  men  were  moatly  ordinary  bridge  men.  erectora  and 
carpenters,  and  were  paid  t2  a  day  of  10  hra  Some  few  men  paint- 
ing slden-nlk  railings  and  other  parts  not  ha^rdoua  were  peid  II. iO 
a  day.  The  paint  was  oxide  of  iron,  and  was  uaed  Juat  as  It  rame 
from  the  barrel,  except  for  a  little  occaaional  thinning,  equivalent 
to  about  Vi  gal.  per  bbl.  of  paint.  The  coat  of  the  paint  was  S' 
eta.  per  gnl.  The  beat  reaulta  were  obtained  with  flat  brunhea 
coating  St. SO  per  do>,,  of  which  19  dot.  were  used;  4  doi,  ateel 
brushes  and  13  doi.  whisk  brooms  were  used  for  cleaninfc  the  iron. 
The  total  coat  of  the  work  waa:  Paint.  ti.T<9 ;  labor.  14.427;  equip- 
ment, 1301:  accident  Inaurance,  ttOO:  toUl,  18.697  dlatrlbuted  as 
follows: 

JcfTersonvllle    Approach     (Viaduct)     and    Span    No.     I     t4.271    Ft. 
Long:  1,'SZ  Tons).  Perton. 

0,62  gallon  iron  oxide  paint 10.42 

Labor,  J2  per  10  hra.  O.Bl 

Total  per  ton  of  3.000  lbs, Sn.BS 

Total  per  I  In.  ft 10.38 


BRIDGES.  1639 

This  JAffsrsonvlUe  appnMch  la  a  viaduct  havlBs  an  HTware 
belxht  of  40  tt.  and  a  leocUt  of  4,081  IL,  all  idjoffle  track,  exoept 
l.aoo  ft.,  which  is  double  track.  Span  No.  1  l>  alnKl*  track.  S0> 
(t  c  to  c.  The  JeffarBQDville  approach  had  pravloualy  beoD  palntad 
with  one  coat  In  OctotMtr.  I89S.  The  work  of  which  ooatB  on  above 
Kiven  coQdeted  in  coins  over  the  vtaAict,  cleaning  and  palatine 
all  Bpota  where  ruA  hftd  formed:  then  after  thia  had  dried  the 
whole  viaduct  waa  ylveii  one  coat, 
I.ouIavlUe  Approach  <!,ES6  rt.  Lonc;  1,011  Tona).    Per  ton. 

0.90  KBllOQ  paint,  first  coat ID.Sl 

0,58  xallon  paint,  second  coat O.St 

Labor  on  flrrt  coat    0.7t 

I^abor  on  second  coat 0.98 

Total  per   ton    12.10 

Total   per  lln.  ft 10.81 

This  Ijoulirville  approach  la  Z,BSE  ft.  long,  sIiiKle  track,,  and  boa 
an  avarnse  height  of  46  fL  It  had  been  erected  a  rear  before  It 
was  painted,  and  had  never  been  painted  before.  It  received  two 
coats  throushout 

Brldxe  Spans  Nob.  E  and  6  <Bach  S38  tL  c  to.  c. ;  Total  Wetsht 
EOS  Tons).  Per  ton. 

O.eS  gallon  paint,  first  coat 10.44 

0.44  callon  paint,  second  coat O.SO 

Idbor  on  first  coat 0.4T 

lAbor  on  second  coat  0.86 

Total  per   ton  of  S.OOO  lbs. (1.66 

Total  per  lln.  R. (1.63 

Bridie  Spans  Noa  2,  Z  and  4  <£:ach  Span  UfA  ft.  c.  to  c.  l  Total 
3,768   Tons).  Per  ton. 

O.EO  gallon    paint,   flrit  coat tO.33 

0.88  gallon  paint,  second  coat 0.88 

Labor  on  Aral  coat    0.38 

labor  on  second  coat D.Z8 

Total  per  ton  of  a.OOO  lbs .81,08 

Total  per  lln.  ft 81.84 

All  these  bridge  spans  were  single  track,  erected  about  a  rear 
before  ther  were  painted.  All  the  iron  had  had  a  shop  coat  of  Un- 
seed olL  All  the  spans  were  given  two  coats  of  paint  throughout 
except  the  Inside  of  the  top  chords  and  end  poHts  which  received 
only  one  coat,  as  It  was  believed  that  this  one  coat  In  such  a  pro- 
tected location  would  outlast   the  two  coats  on  exposed  worlb 

Spans  Noa  S  and  6  were  erected  In  the  latter  part  of  1883.  while 
the  other  and  longer  Hpane  were  erected  a.  year  later,  ao  that  the 
rustler  condition   of   Koa    E  and  8  nmy  account  for  ttielr  taking* 

The  labor  coat  of  painting  G.TOO  lln.  ft  of  sidewalk  rslllnga  was 
SSSO.  or  88.86  per  IDO  ft.  This  does  not  inchide  the  coat  of  the 
paint,  which  was  a  small  item.  Half  of  thla  ralltng  was  a  lattice 
raiting  4  ft  high:  the  other  half  was  a  gas  pipe  railing  consisting 
of  two  linea  of  IK-in.  gas  pipe. 
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Oott  of  Pamtiitg  SO  P1at«  Girder  Br1dffaa.—Vi.  W.  3.  'Wlism 
■Ive*  tbe  folIowlDK  data  on  the  ooM  of  repainting  SS  at«Bl  brldgea 
on  the  Rom«,  Watertown  A  OplensburK  R.  R.  in  189fi-8.  Tbs 
bridges  wore  orlKinallr  painted  with  two  COaU  ot  "vatent  paint" 
lliat  had  failed  within  a  year.  The  tollowlD|:  costi  Inclnds  clean- 
Inc  witb  wire  brushes  and  repalntInK  WlUi  one  ooat  of  asplialtniii- 
vamlah  paint  tnade  of  4  Iba.  lampblack  ground  tn  pure  raw  Ud- 
aeed  oil.  %  gal.  genuine  aophaJtuin  vamlrii.  <i4  snL  pure  bofled 
llnaeed  oil.  and  %  gaL  dirlng  JapaiL  Thil  paint  cost  60  to  80  eta. 
per  gal.,  and  1  gal.  covered  tEO  aq.  ft.    Labor  coat  |1  a  day. 

The  calculation  ot  the  exposed  areas  of  many  of  the  plate  girder 
bridgea  showed  that  there  were  100  aq.  ft  for  erery  ton  of  t,tM 
lb*. 

Coat  of  Painting  EO  Plata  Girder  Spana  (Av.  Length,  H  tt :  Total 
Weight,  1,S84  Short  Tons),  Portoa, 

,0.30  gal.  paint  I0.17B 

lAbor  cleaning  and  painting 0.140 

Total   per  ton    fO.GlS 

CoM  of  Patntlng  E  Trura  Spaas  (Av.  Length.  IGG  ft ;  Total  Walgkt^ 
638    Tons).  Per  ton. 

a.39  gal.  paint  tO.ilG 

Labor  cleaning  and  painting <l.4>0 

Total  per  ton   M-TM 

Coat  flt  Painting  11   Spans  of  a  Viaduct   (Total  Length.   106  ft : 
Height,  88  ft;  Weight  Hi  Tons).  Perton. 

0.18   gal.  paint   ...fO.S) 

l«lK>r  cleaning  and  painting   0,60 

Total   per   ton    |0.»» 

Oo*t  of  Cleaning  and  Painting  W  Brldgta. — Mr.  E.  D.  QravM 
gives  the  following  data  on  the  painting  of  light  double  triangular 
trusses  In  bridge  spans  from  SO  to  1S6  ft,  the  total  length  being 
1,000  ft  painted  in  the  summer  of  IS»T,  The  steel  work  liad  re- 
ceived one  shop  coat  of  iron  OTide  paint,  and  had  been  In  place 
one  year.  The  greater  part  of  the  surfaces  WBS  found  to  bo  scaled 
off  and  rusted.  The  surfaces  were  scraped  with  a  steel  scraper  or 
brushed  with  a  steel  wire  cBHtlnB-bruflh.  The  dust  was  removed 
with  a  whldt  broom,  and  one  coat  of  No.  18  Detroit  (}raphlte  paint 
applied,  costing  tl.lO  per  gallon,  delivered.  The  floor  beams  and 
bottom  chords  being  most  likely  to  rust,  were  painted  a  second  coat 
The  foreman  received  tS.EO  per  day.  and  had  8  to  12  men,  at  tl.TE- 
Theee  men  were  mostly  lalKirers.  except  a  few  bridge  men  for  the 
top  work.  The  cost  was  as  follows  per  ton  of  :,0D0  Iba; 
Cost  of  First  Coat —  Perton. 

0.94  gal.  drat  cost  on   201  tons 11.04 

Labor   cleaning  and  painting  S02  tons 1.44 

Total  per  ton,   one  coat tS-4> 
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Owt  of  Becond  Coat  (Bottom  Chord  and  Floor  Beanu). 

0.tE   Kal.    second  coat  on  100   tons $0.31 

I^bor  palatlng  second  coat  100  toiu O.BS 

Total  por  ton  of  bottom  chord  and  b«ama.  10.9  S 

The  total  cost  of  paint  and  labor  was  tE9S,  or  nearly  60  cts.  per 
Un.  a  of  bridge. 

Coat  of  Painting  fa  Bridfei  and  t  Viaduct*. — Mr.  C.  D.  Fiirdon 
BlvsB  the  followlne  data:  These  brlOxes  were  new  and  painted 
with  two  coats  of  red  lead.  They  had  received  one  coat  of  oil  at 
the  shop, 

Faint.  labori  Total. 

Two  deck  glrden,  «ach  E4  ft   (34.S  tanB)..|0.80  |1.S4  (2.14 

Pratt  trura,  lOS  ft.    (02.1   tons) O.GS  1.4G  2.03 

Pratt  trusH.   180  ft.   J14I.4  tons) O.SS  1.27  2.09 

eix  deck  girders,  each  64  ft.  <  105.2  b 


Iron  viaduct;  two  04  ft.,  two  <3  ft,  and  two 

32    ft.    deck  Kirdera    (182.4    tons) 1.40  0.76  S.IS 

Iron  viaduct  eight  04  ft,  and  seven  33  ft 

■pans   Mil    tons)    I.OO  O.SS  1.(8 

Pratt  truas,  dbl.  track,   IGO  ft.    (228.7   tons)    0.51  I.IT  1.38 

The  summary  of  the  amount  of  lead  and  oil  used  on  the  above 
brldgea  la  aa  follows : 

Lba  Gala 

ollead.  ofolL 

Deck    slrdera    (139.5    tone) 0.08  0.48 

Single  track  truBsea  (224.3  tons)    7.12  0.68 

Viaducts    (6B3,3    tons)     13.80  0.44 

Summary    of   all    (1,245.8   tona) 10.10  0,42 

Judging  from  the  amount  of  paint  used,  a  truas  bridge  taken 
1.2  tlmea  aa  much  paint  per  ton  as  a  plate  girder,  and  a  viaduct 
takes  Z.3  times  as  much  aa  a  plate  girder.  Thla  fs  couDrmed  on  p. 
G80. 

The  co«t  of  cleaning  and  painting  IT  spans  over  the  Arkansas 
River  la  as  foUowa:  These  bridges  received  two  coats  of  red  lead 
and  oil,  having  been  originally  painted  with  Iron  oxide  which  was 
first  cleaned  oIT.  The  cost  of  cleaning  off  the  old  paint  la  Included, 
and  almost  equaled  the  cost  of  applying  the  first  coat  of  red  lead. 

Coat  of  9  Spana  (lES  Ft;  Wei^t,  SI0.6  Ton*). 

7  lbs.   red  lead  f0.4B 

Labor    0  58 

Second   coat 

2.3  Iba  red  lead 0.17 

Labor     0.26 

Total  per  ton   f  1.49 
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Coat  of  S  Spans  cniree,  !Gt  FL;  Four,  ItS  ft.;  One 
Draw,   J70  Ft;  Total  Weight  l.lSl.l  Tons). 

First  coat —  Ptr  ton. 
«  iba.  r«d  lead   |0.41 


Total  per  ton   fl.37 

The  aTerage  of  the  at>ove  IT  epana  waa:  tAi  lbs.  of  lead  and 
4).2S  xaL  ot  oil  per  ton  lor  the  llrat  ooat;  2.04  lt>s.  of  lead  and  0.074 
gal.  of  oil  per  ton  for  the  lecond  coat. 

The  coat  ot  repainting  It  spans  with  two  coats  of  Iron  oxtde 
was  as  follows: 

— GallODB— ~  - — ^Costperton 

Paint.  OIL    Paint  Labor.   TotaL 
SOO-ft.    deck    truss    and    two    SD-fL 

gtrders.  dbL  track    (475. B  tone) 118        80     lO.iO     I0.S2      fa.tZ 

Pony  lattice,   92^    fL    (HE   tons) 30        10        0.31       0.31        O.M 

Three  throueh  spans.  160  ft  and  302 

ft   draw    span    (656.7    tons) 33E      121        D.K        O.II        0.)> 

Three  throuBh    spans,    lEO   ft    (113.3 

tons)      184        46        0.18       0.E4        0.S2 

Three    through   spHna,    150   ft    (297.8 

tons)      130        10       0.28       aG4        0.S3 

These  12  spans  had  orlKlnHlly  been  painted  With  Iron  oxide  Which 
was  not   clesned  off   except  at  rusted  spots. 

It  win  bo  noted  that  about  U  gal  of  oil  was  used  to  thin  «ti^h 
gallon   ot  paint 

The  cost  of  repainting  ten  old  bridges  with  one  coat  of  Iron 
oxide  was  as  follows; 

— Oallona Cost  per  ton 

Paint.  OIL    Paint  I^bor.  Total, 
Double    track    truss,    128     ft      (ITfl 

tons)      76        25        |0.19     |0.6B     (0.74 

Through   plate   girder.   GO   ft    (27.6 

tons)      IB  3!^      0.34        OJI        0,SS 

Six  spans  deck  truss,  160  ft    (638.6 

0.25        0.51        O.J« 


eck  plate  girder.  TO  ft    (30.4  tons)    ] 

hrough   plate   girder,    IT   ft    (24.6 

tons)      ......" IT        ..  0.32       0.34 


These  10  qtans  bod  twen  originally  painted  with  Iron  oxide  wbldi 
was  not  cleaned  olt  except  at  rusted  spots. 

It  will  be  noted  that  the  average  of  these  ten  vans  la  O.Sl  gal. 
of  paint  and  oil  per  ton,  for  one  coat  work. 

Cost  of  Cleaning  and  Painting  Four  Bridges,  St.  I.«uls.— Hr.  N. 
W.  Eayura  gives  the  foliowlne  data  on  painting  railway  brldgea 
With  one  coat  of  carbon  paint  This  paint  Yfas  ground  eq>eclally 
for  the  bridge  work,  and  came  as  "semi- liquid"  taking  about  1  gsl- 
of  oil  to  1  gal.  of  "eemi-llquld."     It  was  laid  on  thlolt. 

The  St,  Lonls  Merchants'  Bridge  la  double  track,  three  spans, 
each  of  6171,4  ft,  trusses  75  ft.  deep  at  center.  It  was  erected  In 
ISOQ,  and  had  had  one  shop  coat  and  one  coat  of  Iron  oilde  aftn- 
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«rectloil.  The  metal  was  very  nisty,  and  the  cost  of  deeuilns  woa 
quite  large,  but  could  not  be  BepaTated  from  the  coM  of  painting. 
The  total  cost  of  cleanlnK  and  painting  thete  three  Bpans  In  1895 
iraa  aa  follows: 


49SU   gats,  boiled  oil,  at  1D.E8 |  186.08 

G52C   gala  carbon  paint,  at  tl.IS 890.62 

Sundry    auppllea «9.9t 

48      days' labor,  at  tz.BD ISO.OO 

91,1   days'   labor,  at  t2-2i iOE.SS 

144.4  days'    labor,    at    |!.00 8SS.80 

B1.5  days'  labor,  at  fl.OO El.EO 

Total   |2,S11-B1 

Ths  cost. per  lln.  ft  was.  tberetor«,  tt.49,  and  0.89  gaJ.  of  pahit, 
costing  93.S  eta  per  gal.,  was  required  per  lln.  ft. 

The  Perry  St.  Bridge  Is  a  double  track  deck  span,  US  ft  resting 
on  Iron  columns.  It  was  cleaned  and  painted  In  189E,  at  the  fol- 
lowing cost; 

S3  gala   boiled  oil,  at  tO-SS I  IS.SS 

22  gals,  carbon  paint,  at  I1.2E 27.G0 

Labor    97.70 

Total,  at  tl-14  per  lln.  ft .fU3.7« 

The  Angelica  St.  Bridge  Is  a  through  plate  girder  bridge,  tS-ft 
^lan,  having  a  total  painted  surface  of  S.2&D  sq.  ft,  which  required 
1  gaL  of  paint  for  every  312^  sq.  ft    The  cost  was  as  follows; 

10  gals  boiled  oil.  at  tO.58 %  G.SO 

10  gals  carbon  paint,  at  tl.25 12.50 

Labor     22.0S 

Total,  at  J0.69  per  lln,  ft (40^30 

The  Elevated  Structure.  Merchants'  Bridge,  consists  ot  steel  col- 
umns supporting  plate  girder  spans  of  2B  to  36  ft.,  carrying  a 
double  track  railroad.  It  was  erected  and  painted  tn  1890,  but  In 
189T  It  was  badly  rusted  and  was  repainted  at  a  contract  price  of 
G7  eta  per  ft  for  4,07E  ft  The  actual  cost  to  the  contractor  was 
as  follows : 

Carbon   paint   and   oil,   one  coat t    T4g.lS 

Idibor  for  cleaning SET.ET 

Labor  for  painting 628,74 

Total,  exclusive  of  foretnan'a  time.  .12, 034. E4 

The  St  Louis  <BadB)  Bridge  was  repainted  In  1896.  It  consists 
of  three  arched  spans  of  a  total  length  of  1,E24  ft,  carrying  a 
double  track  railway  on  the  lower  floor  and  a  highway  on  the 
upper  Boor.  The  Door  beams  for  the  highway  are  the  sd^ts  for 
the  wind  truae.  The  bridge-  Is  E4  ft  wide  out  to  out.  The  metal 
■was  quits  rusty.  In  places,  requiring  chipping  to  remove  scale,  espe- 
cially the  highway  floor  beams  exposed  to  locomotive  smoke.     It 
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tat  |0.T0  per  ton 

eTE  Kals.  bolted  oil.  Ht  |0.3E t    ZSG.ZI 

AGO  gals,  carbon  paint,  at  tl.2B glJ.Sl 

Sundry  mipnlles El.Gl 

Labor,  ISO  dara^    at    tS.GO SiS.Oi 

246  dayi,    at    h.2i EEI.Si 

BEG  days,    at    IZ.OQ 1.910.01 


Total,  at  ll.SE  per  lln.  ft.. 


..(3,189.80 


Cost  of  PalnUnB  Two  Rallwai'  Brlduvi. — The  following  data  oc 
■crapinK  and  painting  two  railway  brldKes  are  given  by  llr.  A. 
B.  Markley.  The  brldgea  were  both  painted  In  1898,  brldce  No.  I 
belnc  painted  during  Uie  nimmer  and  bridge  No.  2  during  October 
and  November.  The  atnicturea  are  vlaductB  with  lattice  column* 
and  lattice  struts  In  tower&  The  total  number  of  tons  of  Iron 
In  bridge  No.   1   was  T19 ;    In  bridge  No.   1   there  waa  1G1   too* 

Bridge  Wo.  1,  /Irrt  coat — 


Total     jeiB.l« 


Bridge  No,  J,  tecimd  coo 

Red  load,  2.SSE  Iba..  al 
Boiled  oil,   180  galB.,  ai.  .. 
L.  black,  EG  Iba,  at  .086.. 


Bridge  No.  I,  flrtt  ooat — 

Hed  lead.  EDO  IfaK.  at   8,049 t  14. GO 

B.  L.  oil,  18%  gala,  at  -fO 7.40 

L.  black,   G  lbs.,   .OBS 4S 

I^bor    121.41 

Total    I1SS.T4 

Bridge  No,  I,  •econd  coat — 

Red  lead,  335  lb&,  at  t.019 t  1*41 

B.  I-  oil.   n  gala.,  at  .40 8.80 

L.  black,  10  lb*.,  at  .OSH SG 

Labor    89.90 

Total      I11J.9S 


Per  ton  iron, 

Bridse  1.  Bridge  i. 

Labor      1.2S1  l.tT2 

labor   and  matetial ).S9E  1.T31 

Uatarlal      10.803  tOSbS 

Labor,  acrtLplnK    1E>4  .... 

Labor,  painting,   flrat   coat TT8  .T8S 

lAlwr.  painting,  aecond  coat 61T  .631 

Pounds  of  red  lead,  first  coat I.BG  I.2G 

Pounds  of  red  lead,  second  coat t.JS  2.17 

Oallona  boiled  oIL  first  coat 2«S  .i^o 

Oallons  boiled  oil,  second  coat 2Z3  .110 

Con  of  Palntlne  Plat*  Olrdara,  TruM  Srldaei  and  Trattla*  on  th* 
C.  A  W.  M.  Ry.*— Table  XIX  gtves  the  coat  of  painting  several 
brldKCB  on  the  Chicago  A  West  MIchlsan  Ry.  (Detroit,  lAnalng  * 
Northern  R.  R.},  the  work  belnK  done  in  1894. 

Cost  of  PalntlnB.  Cross- Refe ranees. — For  further  data  consult 
the  Index  under  "Fainting." 

Cost  of  Bridge  Abutment*. — Mr.  W.  A.  Rogers  glvee  the  following 
data  relative  to  the  construction  of  bridge  abutmenta  on  the  C. 
It  *  St.  P.  Ry. :  The  work  conslated  In  building  20  abutments 
tor  10  four-track  plate  girder  biidgeB  over  street  crossings  In 
Chicago.  The  work  waa  done  between  May  1  and  Oct  1,  1S98,  In 
Which  time  8,100  cu.  yds.  of  concrete  were  placed,  all  the  work 
btfng  done  by  company  latmr.  The  forma  were  made  of  1-ln. 
plank  and  S  x  S-In.  posts  bolted  together  at  the  top  and  bottom 
with  %-tn.  rods.  The  lumber  was  l>aed  over  and  over  again.  When 
the  dressed  plank  became  too  poor  for  the  face  It  was  used  for  the 
back.  The  concrete  wels  1  Portland  cement,  3  gravel  and  4  to  4K 
limestone  (crusher  run  up  to  3-ln.  slzo.)  A  mortar  face  1%  Ins. 
thick  waa  built  up  with  the  rest  of  the  concrete.  The  concrete 
was  made  quite  wet,  and  each  man  ramming  averaged  18  cu.  yds. 
a  day  rammed.  The  concrete  was  mixed  by  a  machine  of  the  Ran* 
some  type,  operated  by  a  12-hp.  portable  gasoline  engine.  The 
load  waa  very  Il^t  for  the  engine,  and  S  hp.  would  have  been 
euSclent  The  engine  made  235  revolutions  per  minute,  and  the 
pulley  wheels  were  proportioned  bo  that  the  mixer  made  12  reva 
per  mln.  One  gallon  of  gasoline  waa  used  per  hour,  and  the  mixing 
was  carried  on  day  and  night  so  as  not  to  give  the  concrete  time  to 
set.  The  time  required  tor  each  batch  was  3  to  S  mlns.,  and  about 
\i  cu.  yd.  of  concrete  waa  delivered  per  batch.  The  average 
otitput  waa  70  cu.  yda  per  10-hr.  shift,  with  a  crew  of  28  men; 
but  as  high  as  90  cu.  yda  were  mixed  In  10  hra  The  concrete 
was  far  superior  to  iiand  mixed  concrete.  The  water  for  the 
concrete  was  measured  In  an  upright  tank  and  discharged  by  a 
pipe  into  the  mixer.  The  sand  and  atone  were  delivered  to  the 
mixer  in  wheelbarrows,  and  the  concrete  waa  taken  away  In  wheel- 
barrowa.  No  derricha  were  used  at  all.  Bach  wheelbarrow  of 
concrete  waa  raiaed  by  a  rope  pamlng  over  a  pulley  at  the  top 
of  a  gallowa  frame;  one  horae  and  a  driver  serving  tor  this  raisbig. 

*Enetneering-Ctmtrofitliif,  Jane  13,  ItOt. 
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A  HiuUI  tiuKiIine  halnlnK  eitglne  would  hsva  b«n  mora  m 

than  tb9  bora«  irtilch  waa  worhed  to  Its  full  capadtr- 

baiTDWB  were  r&lwd  (IS  ft),  tbey  ware  whaelad  to  tbo 

forma  and  dumpad.     The  aupty  whaeltwrrowH   wera   lowerad   br 

band,  by  maana  of  a  ropa  iiasaltiK  over  a  Bhaave  and  provtdad  wltli 

a  countarwal^t  to   check   the  descent  of   the  bamnr.     Ilia  ooat 

of  the  concrete  (built  by  coiiq>any  labor)  waa  aa  toUowi: 

ParciLrd. 

Cttuaat,  navel  and  atona  dallvered t(>lS 

Material  in  fomiB  (used  many  times) 11 

Carpenters  building  and   taUnK  down  forms SI 

Labor 1.18 

Total   per   cu.   yd. t4.>l 

The  labor  cost  Includes  moTlns  the  plant  from  one  brl<^  to  the 
naxt,  building  runwars,  saiollne  for  engine,  oil  tor  Ilgbts  at  nigbt, 
and  unloading  materials  as  well  ax  mixing,  dellreiing  and  ranunlng 
the  concrete.  Wages  were  fl.TG  per  10-hr.  day  for  laborers  end 
IS.GO  for  carpenters. 

Data  an  Thirty -two  Cancrate  and  Ralnfaread  Can  crate  Brldnaa 
<20  HIghwray  and  U  Railway),  tncludina  Yardie*,  Coat,  Etc*— An 
engineer  Is  frequently  called  upon  to  eatlmate  the  probable  coat  of 
a  bridge  before  plana  are  drawn  for  the  structure.  In  such  cases 
It  Is  very  daalrable  to  have  at  hand  the  cort  of  aeveral  similar 
structure*  aa  a  guide  to  the  Judgment-  It  is  also  dealrable  to  have 
a  short  description  of  each  structure,  and  a  statement  of  the  quan- 
tlltes  of  material  Involved  In  Ita  construction.  With  such  data  at 
hand  an  engineer,  even  though  somewhat  Inexperienced,  Is  not 
Iftely  to  go  far  wrong  In  his  preliminary  estimate  of  coat — his 
raconnaJsoJice  eatlmate.  If  you  choose  to  call  It  so. 

Valuable  as  such  records  of  coat  are  for  the  purpose  Just  Indi- 
cated, they  possess  an  additional  value  that  Aould  not  be  under> 
rated — namely,  as  a  guide  In  oomperlng  the  relative  eoonomy  of  the 
designs  of  two  similar  bridges.  Toi  this  latter  purpose  It  Is  de- 
alrable to  have  a  record  not  merely  of  the  total  yardage  of  Con- 
crete In  each  bridge,  but  the  distribution  of  that  yardage  In  the 
various  parts  of  the  bridge.  The  yardage  In  the  arch  ring,  the 
yardage  in  the  spandrel  walls,  the  yardage  In  the  abutments,  and 
80  on,  should  be  given,  together  with  the  weight  of  steel  reinforce- 
ment In  each  of  these  groups  of  concrete  yardage.  Unfortunately, 
however,  the  published  records  of  concreta  bridges  are  almost 
Invaria'jly  lacking  In  this  respect,  as  will  be  noted  In  the  follow- 
ing recorda 

In  this  nmnectloD,  a  word  aa  to  what  every  record  should  con- 
tain. The  following  dimensions  should  be  given ;  The  total  Iraigth 
of  the  bridge  over  all,  total  length  between  abutments,  length  of 
barrel  or  true  Width  of  bridge,  width  of  floor  surface,  width  of 
road  way  or  carriage  way,  width  of  side  walks,  clear  span  of  arch 
and  rise,  thickness  at  crown  and  at  spring  line,  height  of  abut- 
mants  and  piers  up  to  the  vring  line,  width  of  piers  at  vrlng  Itn» 

'BnetHtvHno-ContToethiff,  S^L  t,  I  Ml. 
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width  of  •butmaaU  ftt  btae,  batctit  of  ra*dwBy  •.bore  crowa  of 
mzeh,  and  ditto  ^ove  low  water. 

Wben  thaae  dlmenalonB  ara  Klven,  acnomyanled  br  a  saiiaral 
deacriptton  ef  the  tyiM  of  bridg«  and  a  detatied  tabulated  atate- 
ment  of  quantltlea.  the  reader  can  form  a  1017  accurate  Idea  of  Iti 
Beneral  (leelBn. 

In  comparInK  the  costs  of  any  two  concrete  brtdxm  the  flrat  rtej 
should  be  to  ascertain  the  cost  per  lineal  foot  measured  between 
sbutmanta.  If  there  are  Mrenil  arches  in  eeiies,  the  aame  holds 
true.  If  the  bHdges  eu^  sln^e  or  doable  track  niUway  structorea 
a  direct  comparison  of  costs  Is  then  possible,  but  If  ther  are  blgb- 
war  brtdEBs,  it  Is  necessary  to  ascertain  the  cost  per  square  foot 
of  floor  area,  for  bighwar  bridges  differ  M  greatly  In  width.  This 
floor  area  Aould  not  be  estimated  for  the  total  length  of  the  bridge 
over  all,  but  only  tor  the  length  between  the  abutmenU  of  the 
eitrone  spans.  The  retaining  walla  of  hlgbwar  bridges  are  fre- 
quently mere  extenslona  of  the  qiandrel  walla,  and  It  Is  deeq>t]ve  to 
Include  all  the  area  t>etween  these  retaining  walla  aa  floor  area, 
although  It  is  frequently  done.  The  fraction  of  a  yard  of  coocrete 
per  aq.  ft.  abould  be  stated.  Where  a  large  main  arch  la  a»- 
proached  on  each  aide  by  a  number  of  amail  arches  or  by  a  con- 
crete trestle,  It  la  clear  that  the  major  part  of  the  cost  of  the 
hrldge  may  often  be  charged  to  thla  main  arch.  Hence  It  is  not 
good  practice  to  lump  both  the  mala  arch  and  the  approaches  to- 
gether in  eetlmatlng  the  co«t  per  lln.  ft.  or  per  sq.  ft.  ol  floor.  Tet 
this  la  almost  Invariably  done,  aa  will  be  seen  from  the  following 
reoorda  One  coat  per  lln.  fL  or  per  aq.  ft.  afaould  be  evtbnatad 
for  the  main  span  or  apana,  and  a  separate  unit  coat  tor  Ibe 
approach  spana 

The  llTe  loads  shonid  be  stated  as  a  rala,  although  If  the  dale  ot 
construction  Is  given,  together  with  the  type  of  bridge,  an  engineer 
can  readily  ascertain  what  was  the  prevailing  practice  as  to  load- 
ing at  that  time.  Since  nearly  all  the  brldgea  recorded  In  tbla 
article  were  tmllt  during  the  laat  decade  It  seeoia  umMMMair  t» 
state  the  loading. 

The  reader  should  note  the  fact  that  many  of  the  concrate 
railway  bridges  have  replaced  steel  bridges  and  that  In  neariy 
every  case  the  steel  bridge  was  approximately  10  yeara  old  when 
replaced.  These  steel  bridges  had  in  all  cases  become  too  light 
for  the  heavy  locomotives  and  cara  So  far  aa  the  past  la  con- 
cerned, this  indicates  a  depreciation  in  steel  railway  brldgea  of 
about  B%  per  annum  In  America — a  fact  which  la  Itself  worthy  of 
solker  thought  on  the  part  of  the  bridge  designer.  We  may  also 
add  In  this  connection  that  the  average  life  of  an  American  loco- 
motive Is  not  far  from  this  same  10  yeara 

We  shall  flrat  give  the  records  of  materials  or  coat,  or  both. 
of  SO  highway  bridges,  aa  completely  as  waa  poaalble  to  aecure 
than.  It  will  be  noted  that  tor  the  usual  spans  of  andiea  and 
heights  of  piers,  reinforced  concrete  highway  brldgea  have  coat 
about  14  per  aq.  ft  of  floor  area. 
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Coat  of  2B-tt.  Arch  for  Highway.— A  relnforesd  concrete  hlshway 
brldn  vai  built  In  ISOZ  In  Wabaah  county,  Ind.  It  1h  bji  arch  with 
a  Hpan  of  SG  ft.,  a  crown  thlclcness  of  8  Ina.  and  a  roadway  16  ft. 
wide.  The  abutments  are  tied  tOKether  by  steel  rodg  buried  tn  » 
concrete  pavement  belov  the  bed  of  the  Btream,  according  to  the 
liUten  method.  The  contract  price  waa  only  |5T3,  which  Ih  equiva- 
lent to  t2B  per  Un.  ft.,  or  tl.44  i>er  sq.  ft  of  floor.  This  price  bean 
teattmony  to  the  economy   of  the  design. 

Coat  of  4S-ft.  Arch  for  Highway.— A  reinforced  concrete  highway 
bridge  waa  built  In  1902  over  the  River  Des  Perea.  Forest  Park, 
Bt.  Louli;  llo.  It  la  a.  single  arch  span  of  4S  ft,  with  a  rise  Ol 
12  ft,  and  a  width  of  4S  ft.  out  to  out.  The  abutments  are  8  ft 
high  to  the  Bpriag  line.  The  bridge  cost  flK.SOO  (Including  tZ.OOO 
tor  excavation  and  riprap),  which  Is  equivalent  to  ttSO  per  lln.  ft, 
or  tS.EO  per  sq.  ft.  of  Ooor. 

Coat  of  64-ft.  Arches  for  HIahway. — A  reinforced  concrete  hlgh- 
Way  bridge  was  built  In  1903  acro»  the  Kalamazoo  River  at  Floln- 
well,  Mich.  The  bridge  Is  414  ft  long  between  abutments,  and  has 
an  IS  ft.  carriage  way  and  one  E-ft  sidewalk.  It  conslsta  of  T 
arches  having  a  span  of  G4  ft  and  a  rise  of  B  ft  Plera  are  only 
e  ft  high  to  the  spring  Una,  t  ft  wide  at  the  spring  line  and  rest 
on  pilea  The  water  was  only  4  ft  deep.  The  arches  are  1 :2  A 
concrete  and  the  piers,  etc..  1:3:6.  The  arches  are  relolorced 
with  4-ln,  channel  steeL    The  materials  used  were: 

Cu.  Tdfc 

Concrete   In   foundations 5TD 

Concrete   In    arches 7T0 

Concrete    In    walls lEO 

Concrete    total 1.490 

Steel,    36,000   Iba 

Barth  fill,   1,944  cu.  yds. 

The  contract  price  was  tl^.BOO,  which  Is  equivalent  to  (S-IO  por 
sq.  ft.  o(  floor.  There  Is  less  than  0.16  cu.  yd.  of  concrete  per 
■q.  ft  of  floor. 

The  detailed  co«  of  this  bridge  Is  given  In  Gillette  and  Hill's 
"Concrete  Construction — Uethods  and  Cost" 

Coat  of  60-ft  Arches  for  Highway.— A  reinforced  concrete  high- 
way bridge  was  built  In  1906  across  the  Hudson  River  at  Sandy 
Hill,  N.  Y.  The  bridge  la  984  ft  long  between  abutments  and  S6 
ft  wide.  Its  deck  Is  24  (t  above  the  water  surface.  The  river 
Is  shallow  and  flows  over  a  slate  rock  bottom.  The  water  Is  8  tt 
de^i  only  at  times  of  very  high  water.  The  bridge  conslsta  of  IE 
arches  of  60  ft  span  and  8^  ft.  rise.  The  piers  are  13  ft  high  to 
the  spring  line.  Each  arch  span  la  composed  of  T  reinforced  con- 
crete arch  riba  and  the  ribs  support  a  reinforced  concrete  slab 
flooring.  All  concrete  was  a  I  :  Z  :  4  mixture,  except  the  heari> 
Ing  of  piers  and  the  footing  courses,  which  were  1  :  3  :  E.  About 
ll.OOO  bbls.  of  cement  were  used.  The  outside  facing  of  the  piers 
and  parapet  walla  consisted  of  concrete  blocks.  The  bridge  waa 
built  by  day  labor  at  a  cost  of  tSO,000,  which  Is  but  slightly  mor« 
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than  fBO  per  Ibi.  ft.,  or  f!.30  p«r  N.  ft  of  floor,  which  U  ma. 
exceptionally  low  coet  per  M-  It.,  and  ladlcatea  excellent  dealsn. 
The  bridge  was  deelened  and  built  by  ISi.  U.  O.  KaaMli  of  Sandy 
HUI,  N.  T. 

Cost  o(  e6-ft,  Archea  for  Highway — A  reinforced  concrete  high- 
way bridge  Wtia  built  tn  19D3  at  Bridge  St.,  JackmnvUIa,  Fla„  over 
the  traclti  of  Mreral  rallwayi,  by  the  Concrete-Steel  Blnglneerlnc 
Co.,  under  the  Uelan  and  Thatcher  patents.  The  total  length  la  S4S 
(t,  conristtng  □(  II  archea,  having  an  average  i^nn  of  about  t(  ft 
and  a  riae  of  7  ft.,  with  piers  about  SO  ft.  high  and  ISE  pile*  under 
each  pier.  The  width  of  the  bridge  was  GS  ft.  between  hand  ralla. 
The  contract  price  waa  fliS.aoo,  which  li  equlTaJent  to  flTT  per 
lln.  ft.,  or  $S  per  aq.  ft  of  floor. 

Coit  of  SO-ft.  and  es-ft.  Archea  for  Highway.— A  reinforced  con- 
crete highway  bridge  of  Ingenious  dealsn  was  built  In  1B01  acroai 
CHfty  Creelt,  «U  mllea  north  of  Greensburg,  Ind.,  by  the  National 
Bridge  Co.,  of  Indianapolis,  Daniel  Luten,  preddent  Kie  brfdse 
IB  an  arch  of  SO  ft.  span  and  12  ft  rise,  and  has  a  16  ft  rottdway. 
The  abutments  are  connected  by  ateel  tie  rods  embedded  In  c«o- 
crete,  which  forms  a  pavement  over  which  the  creek  flowa,  Tba  UM 
of  these  tie  rods  greatly  reduces  the  maea  of  concrete  requtred 
In  the  abutmenta  The  mean  depth  of  water  was  3  ft.  There  were 
4,600  Iba.  of  ateel  used  In  tho  ties  connecting  the  abutmeDts,  and 
4,B00  Iba  In  the  arch  and  spandrel  walla  The  coocrete  amounted 
to  only  2SI>  cu.  rda  and  the  contract  price  for  this  bridge  complete  ' 
was  only  tZ.IOS.  which,  bo  far  aa  we  know,  brealu  all  records  for 
low  cost  of  a  single  concrete  arch  bridge  of  80  ft  span.  The  coit 
was  therefore  only  134  per  lln.  ft,  or  |S.10  per  sQ.  ft  of  floor,  or 
tlO  per  cu.  yd.  There  Is  only  0.26  cu.  yd.  per  eq.  ft  of  floor.  This 
design  of  Luten  arch  Is  llluatrated  on  page  TSG  of  Retd'S  "Concrete 
and  Reinforced  Concrete  Constniction." 

Another  highway  bridge  of  the  same  type  Is  the  Kast  Washington 
8t  bridge  at  Indlanapolla  It  has  a  span  of  St  ft.,  a  rise  of  10  ft 
and  a  roadway  ST  ft  wide.  It  contains  1,100  cu.  yda  concrete  end 
the  contract  price  was  flO.SSB.  which  la  equivalent  to  tlST  per 
lln.  ft,  or  lees  than  \i  per  sq.  tt  of  floor,  or  tlO  per  cu.  yd. 
There  Ih  O.S  cu.  yd.  of  concrete  per  tq.  ft  of  floor, 

Colt  Df  7B  to  100-ft.  Arches  for  IHighway. — A  reinforced  concrete 
highway  bridge  was  built  In  IBOG  acrosa  the  Wabash  niver  at 
Peru,  Ind.  Its  length  la  TOO  ft,  and  the  roadway  Is  30  ft  wide. 
The  height  of  roadway  Is  30  tt  above  low  water,  "Hie  bridge 
conaiats  of  T  arch  spans;  one.  100,  two  9E,  two  St  and  two  TB  ft 
The  rise  of  the  arches  Is  13  to  IE  ft  The  piers  average  SO  ft  high 
and  rest  on  solid  rock  G  to  IS  tt  below  tow  watsr.  The  bridge 
contains  E.OOO  cu.  yds.  of  concrete,  which  required  fl,000  bbla  of 
cement  The  concrete  was  reinforced  according  to  the  Luten  sys- 
tem. The  contract  price  was  t36,>00,  which  Is  equivalent  to  only 
tG3  per  Ibi.  ft,  or  (l.SO  per  sq.  ft  of  floor,  or  $T.20  per  cu.  yd. 
There  Is  0.24  cu,  yd.  of  concrete  per  sq.  ft 

This  la  a  remarkably  low  coat  and  Is  Indicative  of  good  design. 
'his  contract  price  was  lower  than  competitive  bids  for  a  steel 


BRIDGES.  1651 

brtds^  o(  the  BUno  lengrUi  haTlng-  wooden  floorlns'.  Thla  brtdse 
waa  dealsned  by  the  National  Brldgn  Co.  of  IndltuULpolI*,  Ind., 
I>anlel  Luten.  preald^t. 

Cort  of  W-ft  Arch  for  Highway.— A  concrete  tal«hway  bridge  wem 
built  In  ItOl  acrosa  San  Leuiidro  Crecfc,  near  Oakland.  CaL  It  Ib  an 
arch  (not  reinforced)  bavins  a  Bpan  of  81  ft.,  a  rim  of  16  ft.  a 
croWD  thldaieHi  of  S  ft  and  aupporlB  «  macadam  carrlOBc  war 
41  ft.  wide  wjtb  t  tL  BidewaIkH  on  eacli  aide,  glvlnK  a  roKdway 
ST  ft.  wide.  The  abutmentB  have  a  thickneea  of  SO  ft.  and  extend 
only  S  ft.  below  the  vrins  I'na,  and  rest  on  clay.  There  were 
90,000  ft.  B.  M.  tuwd  in  the  center*  and  fonna,  or  24  ft  B.  U. 
[•er  CO.  yd.  of  concrete.  The  vAo^rel  walU  hava  a  length  of  193 
ft,  each.  There  are  3,tS4  cu.  yds.  of  concrete  In  the  bridge,  and 
the  contract  price  for  Ita  construction  was  tSS.840,  which  Is  equiva- 
lent to  1319  per  Iln.  ft.  of  span,  or  IE. SO  per  aq.  fL  of  door.  There 
are  J.T4  cu.  yds.  of  concrete  per  sq.  ft  of  floor.  The  concrete  was  a 
1  ;  2  :  T  mixture,  and  It  will  be  seen  that  the  contract  price  for  the 
bridge  was  equivalent  to  about  |7,T0  per  cu.  yd.  of  concrete. 

Coat  of  as-ft.  Arch  for  Highway — A  reinforced  concrete  highway 
bridge  waa  built  In  1903  at  Sealey  St,  over  Prospect  Ava,  Brook- 
lyn.  The  arch  has  a  span  of  85  ft  and  a  rise  of  8  ^  ft.  The  car- 
riage wh;  Ib  3Z  It  wide  and  the  sidewalks  are  each  12%  ft  wide, 
making  a  total  width  of  roadway  of  67  ft  The  total  length  ot 
each  parapet  wall  Ib  141  ft  The  abutmenla  are  15  ft  high  to  the 
aprlng  line.  The  bridge  contains  1.300  cu.  yds.  of  concrete,  and 
91,400  Iba  ot  corrugated  reinforcing  bars.  The  contract  price  Was 
ftl.SOO,  which  la  equivalent  to  1258  per  lln.  ft.  or  fi.SS  per  aq.  ft 
of  floor,  or  nearly  flT  per  cu.  yd.  There  la  0.2T  cu.  yd.  of  con- 
crete per  sq.  ft  of  floor- 
Cost  of  06  to  88-ft.  Arches  for  Highway. — A  reinforced  concrete 
highway  bridge  waa  built  In  1908  acroaa  the  Great  Miami  River  on 
Ualn  St.  Dayton.  Ohio.  Its  length  Is  ESS  ft  between  abutment^ 
and  It  has  a  carriageway  40  ft  wide  and  two  T-ft.  sidewalk's  mak- 
ing B.  total  width  of  54  ft  It  conalats  of  T  archea  having  Spans 
of  89  to  88  ft,,  reinforced  according  to  the  Helan  system.  Th» 
rise  of  the  archea  la  1-10  to  1-lB  of  the  span.  The  piers  are  31  ft 
high  to  the  spring  Une,  and  the  base  of  plera  Is  about  15  ft.  below 
low  water.  The  contract  price  was  (123,170,  which  Is  equivalent  to 
(210  per  llD.  ft,  or  slightly  leaa  than  U  per  sq,  ft  of  floor. 

Cast  of  80  to  110-ft.  Arches  for  Hlohway.— A  reinforced  concrete 
highway  bridge  was  built  In  1904  across  the  Great  Miami  Blver  at 
Third  Bt.  Dayton,  Ohio.  The  bridge  constats  of  T  archea  and  has 
a  total  length  of  710  ft  between  abutments  and  Its  width  Is  82  ft 
between  balustradea  It  is  of  the  Helan  type,  designed  by  the 
Concrete-Steel  Bnglneerlng  Co.,  which  received  a  royalty  of  812,000 
paid  out  of  the  contract  price.  The  arch  spans  ranged  from  SO  ft 
to  HO  ft,  with  a  ratio  of  span  to  rise  averaging  about  7^  to  1, 
The  piers  were  22  It  high.  The  contract  price  Waa  1179,600,  which 
is  equivalent  to  8253  per  lln.  ft,  or  about  84  per  sq.  ft  of  Root. 

Cost  of  100-tt.  Arch  tar  Highway.— A  reinforced  concrete  hlgbw&y 
.bridge  waa  built  In  190T,  In  Rock  Creek  Park,  Washington,  D.  C^ 
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on  Boh  Drive  bctobb  Rock  Creak.  Tba  length  !•  Itt  ft  and  lu 
width  li  IS  tt.  It  conalsta  of  a  main  iqmii  of  100  tU  bavins  a  IS-ft. 
rlH,  with  concrete  treatle  approachea  30  ft.  lonx  on  eacb  rtde.  Tba 
three  hinged  arch  span  oonalatB  of  three  tiba  carrytng,  at  Inter- 
val* of  10  ft.,  light  Bpsudrel  colunuui  aupporllng  the  rdntiHved 
concrete  beeuna  and  floor  slaba  A  Eteet  handrail  Is  provided  on 
each  side.  An  oxlatlng  timber  treitle  wa>  utlllaed  for  oenterlnK. 
'nie  bridge  was  designed  for  a  live  toaj]  of  100  Iba  per  an-  Ct, 
with  a  concentrated  load  of  only  6  toCB  on  a  four-wheel  wagon. 
The  bridge  was  built  by  day  labor  end  cost  |8,0OO,  or  |B0  per  IUl 
ft.  or  (S.ZO  per  Ml.  ft.  of  floor,  Including  approaches. 

Material!  In  60-ft.  and  190-ft.  Arches  for  HlBhway— A  concrete 
highway  bridge  was  built  In  1303  over  a  mill  pond  on  the  AntboOT 
Kill,  near  Mechanicsvllle,  N.  Y.  Its  length  Is  26i  ft.  between  abut- 
ments, and  Its  width  IB  IT  ft.  over  all.  It  consists  of  two  100-ft. 
arches  and  one  BO-ft.  arch  not  reinforced.  The  rise  of  the  100-ft. 
arches  Is  about  20  ft.  The  piers  have  a  height  of  about  15  ft. 
Plies  were  driven  to  support  the  centers.  There  were  HO.OOO  ft. 
B.  H.  In  the  centers  and  forms,  which  lumtier  waa  used  but  onca 
About  2, BOO  cu.  yda  at  concrete  were  required,  or  O.GS  cu.  yd.  per 
sq.  ft.  at  Door.  Therefore  It  took  &C  ft  B.  H.  per  cu.  yi.  of  con- 
crete. The  centers  consisted  of  bents  supporting  laqlng  laid 
pHjallel  with  the  center  line  of  the  roadway. 

Cost  of  12S-ft.  Artii  for  Highway.— A  concrete  bli^way  brtdga 
was  built  In  1806  at  16th  8L,  Washington,  D.  C,  known  aa  the 
PIney  Creek  bridge.  Its  length  Is  STZ  ft.  and  lU  width  la  IE  ft. 
It  consists  of  a  parabolic  arch  having  a  span  of  Zi  ft.  and  a  rise 
of  39  ft-,  resting  on  abutments  about  12  ft.  htgfa,  and  a  concrete 
viaduct  approach  on  each  aide  of  the  arch.  The  arch  Is  not  rein- 
forced and  IB  G  ft.  thick  at  the  crown.  It  carries  a  salld  spandrel 
wall  on  each  side  and  reinforced  concrete  posts  between  the  wallas 
which  support  the  reinforced  concrete  slab  roadway.  The  viaduct 
approaches  are  merely  extensions  of  this  apandrti  conatmctloD, 
and  have  an  average  height  of  about  6S  ft. 

The  design  of  this  bridge  la  Illustrated  and  deBcrIt>ed  in  Held'* 
"Concrete  and  Reinforced  Concrete  Construction."  The  coat  of  the 
bridge  was  |52,23Ii  of  which  13,000  was  for  engineering  and  f  l.BOft 
for  Inspection.  This  Is  equivalent  to  a  cost  of  flOD  per  lln.  fL, 
or  fS  per  sq.  ft.  of  floor  area. 

Cost  of  135-ft.  Arch  for  Highway.— A  reinforced  concrete  high- 
way bridge  was  built  In  1907  across  Cherry  Creek,  at  Bannock  St., 
Denver,  Colo.  The  bridge  Is  a  one-arch  span  of  13S  ft,  consist- 
ing of  B  parabolic  three  hinged  arch  ribs,  nils  design  was  adopted 
because  the  bridge  crosses  the  creek  on  a  shew  of  36°.  The  rise 
of  the  arch  la  13  ft.,  and  the  arch  Is  24  Ina  thick  at  the  crown.  The 
arch  aupporte  a  reinforced  concrete  slab  floorway  resting  on  rein- 
forced concrete  spandrel  posts.  The  carriage  way  Is  36  ft  wide, 
flanked  by  an  8-ft  sidewalk  on  each  aide,  giving  a  total  width  of 
Si  ft  of  roadway.  The  bridge  contains  1,146  ca.  yd&  of  1  ;  1  :  ( 
-uicrete,  160,000  lbs.  of  steel  reinforcement  and  13,000  lbs.  of  >t««l 
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eaatlnn  3%«r«  It  Imb  Uum  S.lg  cu.  ji,  per  kl  tt.  of  floor.  Tba 
oontraict  prloe  wu  tas.lIG,  or  fSlO  per  lln.  ft.,  or  tl  per  sq.  ft.  of 
floor  VBCB,  or  ft4.BI)  per  cu.  yd.  of  concrete.  Till  low  co«I  per 
•quare  foot  for  m>  long  a  spaji  Indicates  excellent  dealBn  nn  the  part 
af  Hr.  Charlei  W.  Com«t<lck,  M.  Am.  Soc  C.  E.  Contraat  this  de- 
tign  and  coat  with  the  deeiga  mid  coat  of  the  Plney  Creek  bridge 
above  given. 

Cast  of  IBO-ft.  Archea  for  Highway.— A, concrete  hlKhwsy  bridge 
waa  flnlehed  In  ISO?. over  Rock  Creek,  Waahlngton.  D.  C,  and  la 
known  aa  the  Connectiout  Ave.  bridge.  It  baa  a  total  length 
«(  1,018  ft  betwem  abutmenta.  The  abutmenta  are  U  abape,  and 
are  sued  with  earth,  giving  a  total  Imgtb  of  1,311  ft.  of  bridge 
Including  abutmenta.  The  bridge  conalata  of  five  concrete  archaa 
(not  reinforced),  each  of  IGO-ft  apan  and  IG-ft.  riea.  and  two  S2-ft. 
archaa  of  41-tt.  riae.  The  lEO-ft.  arches  aupport  apandrel  archea 
that  carry  the  roadway.  The  roadway  Is  about  150  ft.  above  the 
baae  of  faundatlon  of  the  center  pier.  The  bridge  la  63  ft  wide. 
It  contalna  SO.OOD  cu.  yda:  of  concrete,  or  l.Sl  cu.  yda.  per  hi.  ft. 
of  door.  The  coat  waa  fSEO.OPO,  or  |I39  per  lln.  fL  of  total  length, 
whliA  la  equivalent  to  tlS.SO  per  aq.  tt  of  floor.  P>ill  detailed 
coata  of  the  material*  and  labor  required  to  build  thia  bridge  are 
given  In  Gillette  and  Hlll'a  "Concrete  Conatruction— Hethoda  and 
Coat- 
Coat  of  Z33-ft.  and  S3-ft.  Archaa  for  Highway.— A  concrete  high- 
way bridge  was  built  In  190t  acroas  the  Wlaaahickon  Creek,  Phila- 
delphia, and  la  known  aa  the  Walnut  Lane  bridge.  The  bridge  ia 
ESE  ft.  long  and  10  ft  wide,  having  a  40-ft  roadway  and  two  lO-ft 
aldewalka.  It  conalate  of  a  main  arch  of  113  ft  span,  approached 
on  one  aide  by  three  Sa-tt  archea  and  on  the  other  side  by  two  G3-ft 
archea,  The  main  arch  haa  a  riae  of  TO  ft  and  supports  S  spandrel 
archea.  The  abutments  tor  this  main  arch  have  a  height  of  IS  CL 
and  rest  on  rock.  The  concrete  ts  not  reinforced.  The  main  arcb 
consists  of  twin  arch  rings,  aide  by  slda.  The  contract  price  f(w 
this  bridge  was  tlGS,Gei,  which  is  equivalent  to  1414  per  lln.  ft, 
or  tT.2E  per  sq.  ft 

Estimated  Cast  of  TOS-ft.  Arch  for  HIghwsy. — mans  for  a  rein- 
forced concrete  highway  bridge  of  unprecedented  alae  have  baen 
prepared  for  the  city  of  New  Tork,  and  the  eatlmated  coat  and 
amount  of  materlala  are  worthy  of  record  here.  The^bridge  la  to 
be  known  as  the  Hudaon  Memorial  Bridge,  and  la  to  t^osa  Spuytea 
Duyvll  Creek.  The  bridge  la  to  be  1,840  ft.  long  and  80  ft  wldo. 
The  main  arcb  la  T03-ft  span  and  ITO-f^.  rlae^  70  ft  wide,  16  ft 
thick  at  the  crown  and  28  ft  thick  al  the  ^rlng,  and  aupporta 
10  apandrel  archea.  The  approaches  consist  of  3  archea  of  100  ft. 
apan  on  one  aide  and  4  on  Che  other  aide.  The  bridge  la  to  carry 
two  decks,  one  for  highway  traffic  and  tbe  other  for  rapid  tranalt 
railway  trafDc  Tbe  steel  In  the  arch  ring  la  to  be  uaod  In  com- 
preoslon  and  la,  strictly  oteaking.  not  a  reinforcement.  It  average* 
about  1K%  of  tbe  volume  of  the  arch  ring.  There  are  to  be  17,000,- 
•09  ibo.  oC  ateel  in  the  47,000  cu.  yds,  of  concrete  In  tbe  arch  ring. 
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The  tcttal  wnount  «f  ci»cnt«  la  to  b«  Tt.OOO  cu.  yd*.  1b  tba  n«h 
arch.  Includlns  Ui«  ipaiidreU,  Knindatlmia,  vtc,  ''Wbldl  wOl  cM^ 
tain  t4.M0,<n)D  Iba  of  BtoeL  Tbe  enlmated  coM  of  th*  krcb  mnd 
approaches  (1,840  ft  lone)  la  tl.BOB.DOt,  which  I*  equlvaMlt  t» 
nearly  tl,S4D  per  tin.  ft.,  bb  nearly  SIT  per  mt  ft. 

CoM  of  •  Stone  Aroh  Highway  Brldo*-— A  atone  highway  bridc» 
waa  built  In  1904  acroaa  the  CoanecUcut  River  at  HartfonL  It  la 
1,186  ft.  Ions  and  BO  ft.  wide  between  par^mU.  It  oonatata  at 
1  atone  archer  havlnK  ipana  of  SB  to  11>  ft.,  and  a  100-fL  Scharar 
TolUng  lift  b7-lds«.  Th«  toundBtloliB  for  the  ^era  w«re  put  iaw» 
with  pneumatic  oUnona  Tli«  toe  of  each  cAlaaMi  aTer««B(l  about 
30  ft  below  low  mter  lovel  and  SO  ft-  below  the  aprtng  of  the  aiti>. 
The  plera  onil  pa.ca.pete  are  faced  with  granite,  and  the  >— ■*<''k  la 
concrete.  There  were  ZS.ItD  cu.  yda.  of  concrete  In  calaaon  plei% 
32,000  cu.  yda  concrete  backlns,  S.SDO  cu.  yda:  Kranlte  aililsr, 
10,000  cu.  yda  granite  vouaaolra,  ),B00  cu.  yda  arch  rtuK  concnt* 
and  300  cu.  yda  Kranlte  parapet  and  poMs,  or  a  total  of  B4,4M 
CU.  yda  maaonry.  There  were  10,000  cu.  yda.  exeaTatUm  for  abut- 
menta  and  37,800  cu.  yda  dredging  and  ezcaratloa  for  plera  TtM 
contract  price  for  the  maaonry  and  foundatlona  waa  (I.IO.GIO  uaA 
the  total  was  ft,«oe.O0O,  or  ll,S30  t>er  lln.  ft,  or  flT  p«r  *«.  ft  of 

Coat  or  Longeat  Stone  Arch  Bridge. — The  longeat  alone  arcb 
bridge  apan  In  tha  world  waa  betiun  In  IIOI  at  Plauen,  Saxmiy. 
It  la  a  Mchway  bridge  with  a  roadway  S6  ft.  wide  flanked  by  two 
aldewalka  10  ft  wide  each,  making  a  total  width  ot  GS  ft  The 
arch  baa  a  aiHui  ot  iSt  ft  and  a  rtae  of  (V  ft,  and  a  crown  tblck- 
nesa  of  4,9  ft.  It  apiinga  directly  from  lodge  rock.  1%«  brMge 
haa  a  total  length  of  4B2  ft.  and  la  built  Uuraughout  of  atnoa 
maaonry.  There  are  about  16,000  cu.  yda.  of  maaonry  In  the 
bridge,  and  848,000  ft  B.  M.  of  timber  were  required  for  the 
Centura  and  falsework.  The  centera  roMod  on  ooncrete  fooUnga. 
The  coat  of  the  bridge  waa  only  fllO.DOO,  due  to  the  low  coat  ot 
labor  In  Saxony.  Thil  la  equivalent  to  fS  per  cu,  yd.  of  maaonry. 
Hence  the  bridge  coat  1^44  per  lln.  ft.,  or  f4.tG  per  aq.  ft  ot  raad- 
w»y.,  ..    ,  _ 

1  Coat  of  BO,  n  and  loa-ft.  Electric  Railway  Archea.— 
(  the  coat  of  double  track  reloforoed  ooncreta  hrldg«a 
fori  Intarurbaa  electric  Ilne^  Hr.  Ooorge  P,  Carver,  glvea  the  fol- 
lawtng  quantltloi  for  EO,  76  and  lOO-ft  tingle  apan  arctkoa  having  » 
width  at  tS  ft  ..Theae  arch  vana  were  all  daaigned  to  croaa  atreeta 
.(nct^rlvwa)  and  had  hollow  reinforced  concrete  abutisenta. 


It  will  l>e  Aoted  that  tbe  eatlmated  coal  la  111  to  (11  par  M.  vd. 

Of  concrete:  not  including  the  coat 

In  making  the  datlmaieawera  aa  followa; 


Concreta 

SteeL 

CiLTdi. 

Lba 

Coat 

!70 

IT.700 

t4,TM 

ts.soo 

6.830 

1,»08 

66,660 

11,160 

'  flte^  *H  eta.  per  lb. 

PlBOliiK  atMl;  1  cL  p«r  Ilx 

Cement.  |1  per  bbL 

atonct  it  per  cu.  fd. 

Bsad,  tl  per  en.  yd. 

FomM,  fl  pfr  CO.  yd. 

IChilns  and  iriaelDK.  41.B0  per  on.  ji. 

Add  for  Inddeatam  1S%. 

Add  for  profit.   10%. 

Mat*rlBlt  In  Concrete  Railway  "Tre«tle."'-A  double  tisck  rda- 
forced  concrete  bridge  waa  bultt  In  1)00  ecroaa  Amea  Creek  for  tbe 
Illlnola  CMltTHl  Ry.  It  l>  71  ft.  Ions  between  abutmenta,  and  le 
36  ft  vide  out  to  out.  It  conaltta  of  4  (ftani  of  16  ft  each,  which 
are  aueh  flat  arch  apana  that  thor  are  really  slrden.  Fourteen 
■teel  I  beama  (9  In.)  are  embedded  In  theee  apana  for  reinforce- 
ment The  concrete  le  IS  Ina.  thick  at  the  crown.  The  plera  are 
S  ft  thick  at  the  top  and  10  ft  b(sti,  raallnK  on  pllea.  The  bridge 
contalna  TIG  cu.  yda.  of  concrete,  or  10  en.  yda.  per  lln.  ft 

MatarialB  in  Concrete  Railway  "Treatls."— A  double  track  con* 
Crete  treatle  waa  built  In  190(  acroea  Cave  Hallow  Creek  for  th» 
C,  B.  ft  Q.  Ry.  The  tolal  leugth  le  iO  ft  between  abutmeDt&  It 
conalata  of  Ave  apani  of  14  ft  each  reBting  on  plera  1  ft  wide  on 
top,  30  ft  lone  and  II  ft  high.  The  footing  of  each  Dler  la  G  ft 
wide  and  reata  on  18  pitea  IS  ft  long.  The  abutments  are  II  ft 
high.  The  nperatructure  la  composed  of  reinforced  concrete  alaba 
1«  ft  Ions.  tS  ft  wide  and  1  ft  4  Ins.  thick,  with  a  parapet  1  ft 
hiKh  on  each  side.  There  are  S4,000  lbs.  of  Johnson  corrugated 
bara  and  E£0  cu.  yda.  of  concrete  In  thia  trestle,  or  G.G  cu.  yds.  per 
lln.  (t  A  1  :  t  :  4  concrete  waa  used  In  the  auperatructure  and  a. 
1  :  S  :  S  In  the  plera  and  abotmenta. 

Coat  of  Concrete  Railway  "Treatle." — A  alngla  track  concrete 
treatle  waa  built  la  ISOG  for  the  Ulinola  Central  Ry.  at  New  Athena, 
m.  Ita  length  IH  BZ  ft  between  abutments  and  Its  width  la  IB  ft 
over  all  or  IZ  ft  between  prrapet  wall&  It  conalata  of  E  arch  re- 
inforced apana  of  14  ft  each  reatlnr  on  solid  piers  t  ft  thick  and 
19  ft  high.  The  arches  are  ellptlcal.  having  a  rise  of  4  ft  and  a 
crown  thickness  of  It  Ina.  The  fooling  ot  the  plera  la  ipr^ad  at  the 
base  to  Bill  ft,  giving  a  load  on  the  earth  of  1 M  tone  per  aq.  ft 
The  extradoa  of  the  arches  Is  very  flat  and  Is  at  subgrade  at  the 
crown,  so  that  the  parapet  wall,  which  Is  IS  Ina.  thick,  has  a  height 
of  only  18  Ina.  above  the  crown.  A  1  ;  i  :  6  concrete  was  used. 
The  cost  "was  about  fT.SOO.  which  Is  equivalent  to  191  per  lln.  ft. 
Including  a.  large  amount  of  excavation  for  plera  and  abutments. 

Coat  of  n-ft.  Arch  far  Railway. — A  three-track  reinforced  con- 
crete bridge  waa  built  In  IBOE  acroaa  Trim  Creek,  near  Chlcaco, 
for  the  Chicago  ft  EJastem  lUlnola  Ry.  The  bridge  Is  a  r«lnfOTCed 
concrete  arch  span  of  tS  ft  having  a  rlM  ot  T  ft  and  a  width  ot 
4t  ft  The  abutments  are  tS  ft  hlgti  to  the  fprlng.  The  arch  la 
it  Ina.  thick  at  the  crown.  "Rie  brMf«  contalna  1.IT8  cu.  yda  of 
concr«te  and  IS.DOO  lbs.  of  labnaon  corrugated  bars.  A  sbnllar 
bridge  built  lor  the  aanle  roBd  ooM  fl.lO  par  cu.  rd.,  iMdvdlnc  tlw 
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ralnlorcliic  itxm,  at  which  nt«  thta  brldg*  wovM  eort  tdMOt  tll;M« 
or  tllE  per  lis,  ft,  or  ft.GS  par  M.  ft.  Tlt«r«  la  ft.M  cb.  7^  rv 
•4.  rt. 

Cm*  •(  M-n.  ArchM  for  Railway.— A  doab(«  tisck  atona  and  oon- 
crate  brides  waa  built  In  1901  acroaa  Bock  River,  at  Watertown, 
WU.,  lor  the  C,  U.  ft  St.  P.  By.,  repladnc  a  Btocle  tiack  Iron 
bHdKO  built  19  yeara  prevlonaly.  It  la  l^BO  ft.  lone  batwean  abut- 
menta  and  10  ft  wide  over  alL  It  conalvta  ol  t  atone  arch  van* 
«r  14  ft  each,  with  a  rlae  ot  leu  ft.  and  a  crown  thlcknen  at  1 
ft.  The  plera  are  8  tU  Wide  at  the  aprluE  line  and  IE  ft.  blfh  to  tbe 
VrinB  Una,  and  r«Bt  on  pilea.  The  pajaiist  walla  are  each  ItO  ft. 
long.  The  brldsa  contains  4,000  cu.  rda.  ol  atone  and  concrete 
masonry,  and  Its  cost  was  f40,TOD,  Including  removal  of  tha  aid 
bridge,  building  a  temporary  bridge,  flUlng  and  new  tia«k.  Thla 
la  equivalent  to  |14G  per  lln.  ft.,  or  |4.B0  per  sq.  ft,  or  110.10  pw 
cu.  yd.     There  Is  0.48  cu.  yd.  per  an.  fL 

Coat  of  ta-n.  and  SZ-tt.  Archea  for  Railway,— A  double  track  re- 
inforced concrete  railway  bridge  woa  buUt  In  lOOB  across  the 
Sangamon  River,  near  Decatur,  IIL,  for  the  Wftbash  Ry.  It*  length 
Is  ISC  ft.  between  abutments  and  Ita  width  U  ZG  ft  between  para- 
pet walls.  The  bridge  conslsta  of  4  skew  arches  (4E*  skew),  two 
ol  whicb  have  a  clear  apan  of  58  ft.,  measured  perpendicular  to  the 
piers,  or  a  Bpaa  of  II  ft  meomred  along  the  center  line  of  the  rail- 
way.  The  other  two  archea  each  have  a  clear  apaix  of  48  ft  tneoa- 
Ured  perpendicular  to  the  piers,  or  SB  ft  along  the  center  Ila«. 
The  rise  of  the  arches  Is  SO  ft  and  the  piers  have  a  height  ot  16  ft 
The  three  plera  ore  tn  water  about  G  ft  deep.  At  auAi  end  of  the 
bridge  fs  an  abutment  with  side  retaining  walls  ItG  ft  long.  This 
bridge  was  reinforced  with  corrugated  bara  It  replaced  a  steel 
bridge  built  21  years  prevlonaly.  The  following  quantities  vers 
Involved  In  the  conatmctlon : 

Earth  excavation,  cu.  yds. S.I1I 

Piling,   lln.  ft... 18,778 

"  undatK-  -■ ■     -  -  -'-  ■  "* 


Foundation  ^ba  (or  plera,  0 ,_ 

Plera  proper,  with  skewbacks,  concrste,  cu.  yda, I.tIO 

Arch  rlnga,   concrete,   cu.   yda I,tTO 

Spandrel  walls  ol  arches,   concrete,  ctL   yda 1,180 

foundations  for  abutments,  concrete,  cu.  yda. LESO 

Abutments  above  foundatloni^  Including  Habs  and 
Intermediate  walla,  together  with  ipBadrQl  walUt 

concrete,  cu.  yda E,9I0 

Retaining  walla,  concrete,  cu.  yds. B40 

Reinforcing  bars,  Iba 410,000 


The  cost  was  (114,000,  which  Is  equivalent  to  fill  per  lln.  ft,  or 
(12.80  per  sq.  ft  of  roadway.  The  total  amount  of  concrete  la  ll.ITO 
cu.  yds..  Bo  that  the  cost  of  the  bridge  was  equivalent  to  t7.tG  par 
cu.  yi.     There  are  1.(8  cu.  yda.  per  sq.  ft 

Msterlala  In  74-ft.  Arch  for  Railway.— A  four-track  concrats 
bridge.  160  ft  long,  was  built  In  1104  across  the  Aahtahnla  River, 
Ohio,  for  the  Lake  Shore  Ry.  It  comprlaed  two  74~ft  concrata 
arches  having  a  rlae  of  ST  ft,  resting  on  piers  and  abutmaota  only 
0  ft  high.  The  arches  ware  T  ft  thick  at  the  crown  and  11  ft  at 
the  spring,  and  were  not  reinforced.    An  earth  nil  10  ft  deqi  over 
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tbe  crown  waa  Tlaced  upon  the  archM^  maUns  It  neceaaary  t« 
bave  the  t>aTT«Ia  of  the  arche*  14E  (t.  Ions.  Thera  wen  IT.GOO 
ou.  yda  «f  concrele  and  GA.OOS  ou.  jrda.  ol  earth  fllL  nila  bridga 
la  a  cood  example  of  poor  dealcn,  for,  at  IS  per  cu.  yd.  tor  con- 
crete and  IE  eta.  [ler  cu.  yd.  for  flit.  Its  coat  would  be  t^T.SOO,  or 
more  than  1*00  per  lln.  ft.,  or  about  flS  per  aq.  ft.  of  roadway. 
A  narrvw  brldxe  with  quwdrel  ptera  ■upportlns'  the  roadway  could 
have  been  built  at  far  leaa  cost.  It  wlil  be  noted  that  tbere  wera 
about  S.S  cu.  yda.  of  cnucrete  In  this  bridge  per  aq.  ft.  of  roadway. 

MitBriala  In  7S-ft.  Arch  for  Railway. — A  reinforced  concrete  rail- 
Way  bridge  waa  built  In  1903  over  BIk  Rock  Creek,  Gl  mtlea  wen  of 
ChtcaKO.  on  the  line  of  the  C.,  B.  *  Q.,  replacing  a  ateel  brldso  built 
12  yean  previously.  The  apan  la  7B  ft  The  bench  walla  ore  12  ft. 
high,  and  the  rise  of  tbe  arch  la  28  fL  It  la  a  three  center  areli 
t  ft  thick  at  the  crown  and  the  barrel  length  la  44  ft.  There  la  no 
appreciable  fill  over  the  crown.  The  arch  Is  designed  for  a  loading 
of  l.OOO  IhB.  per  sq.  ft.  The  wing  walls  are  each  E5  ft  long,  and 
lOH  ft  thick  at  the  bottom.  The  abutmenta  of  the  arch  are  2S  ft. 
wide  at  the  base.  Abutments  and  wing  walla  rest  on  pilea  Cor- 
rugated steal  bare  are  uaed  for  reinforcement.  There  are  6, ESS  ft. 
of  K-ln.  bars  and  24,046  ft.  of  'H-to.  bare  In  the  bridge.  The  arch 
ring  la  1  :  2  ;  4  concrete  and  contain*  TTO  cu.  yda  The  reat  of  the 
concrete  la  1  : 1  :  «.  The  total  concrete  In  the  atructure  Is  S,3G0 
cu.  yda,  or  nearly  4G  cu.  yda  per  lln.  ft.,  or  I  cu.  yd.  per  sq.  ft. 

Material*  In  80-(t.  and  100-ft.  Archea  for  Ratlwny.— A  double  track 
concrete  bridge  waa  built  hi  190S  acroaa  the  Vermillion  Rlvor,  for 
the  Cleveland,  Cincinnati,  Chicago  A  St  L«ula  By.  It  conslsta  of 
two  SO'ft  archea  and  one  100-ft.  arch  between  them.  The  plera 
of  the  lOD-ft  arch  are  id  ft.  high  to  the  spring  line,  and  the  arch 
haa  a  rlae  of  40  ft  Theee  main  archea  support  a  aerlea  of  small 
apandrel  arches  having  spana  of  g  ft,  resting  on  piers  2  ft.  thiclc. 
The  crown  thlckneaa  of  the  lOO-ft.  arch  la  4  ft  The  base  of  rail  Is 
to  ft  above  the  crown  and  90  ft  above  the  foundations  of  the 
center  piers.  The  bridge  has  a  total  length  of  290  ft  between 
abntmenta  a  width  of  29  ft  between  parapets,  and  contains  12,000 
cu.  yda  concrete,  or  nearly  41  cu.  yda  per  lln.  ft,  or  1.41  cu.  yds, 
per  aq.  ft  The  bridge  Is  designed  aa  a  plain  concrete  bridges 
although  ateel  reinforcement  la  used  as  a  precautionary  measure. 
There  were  280,000  Iba  of  Johnaoa  corrugated  bare  uaed.  Tha 
bridge  required  GOO, 000  ft  B.  H.  for  centers  and  forma,  which  ta 
equivalent  to  42  ft   B.  M.  per  cu.  yd. 

Material*  In  IDO-ft,  Arche*  for  RallwBy_A  alngle  track  concrete 
bridge  was  built  In  ISO*  acroaa  the  Cumberland  River  for  the  Ken- 
tucky A  Tenoeasee  Ry.  It  la  GOO  ft  long  between  abutments,  con- 
alatlng  of  B  apana  of  100  ft  cto  c  of  plera  and  the  width  Is  16  ft 
between  parapet  walla.  The  bridge  la  on  a  SO*  akew.  The  archea 
have  a  rise  of  18  ft  and  a  crown  thickness  of  S  ft  T  Ina  Ths 
plera  are  40  ft  high.  There  are  S,4T0  cu.  yda  of  concrete  anO 
240,000  Iba  Of  twisted  steel  reinforcement  In  thia  bridge.  Thia  la 
equivalent  to  nearly  It  cu.  yda  per  lln.  ft  of  bridge,  or  about  O.t 
cu.  yd.  per  aq.  ft  <^  roadway. 
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Com  of  140-ft.  ArctiM  far  Railway.^— A  dmiblo  tnek  mnorMa 
miwoy  brldse  wu  buUt  in  1901  acTow  tbe  Bis  XuOOj  BlTsr  for 
Uia  lUlnola  Cantnl  Ry.,  to  take  the  ptftce  of  a  Undo  tnck  atael 
bridao  bultt  It  y«ara  i>ravloualy.  which  was  (sttlus  too  Ilxbt  for 
the  trafllc.  The  brldt«  la  *t3  ft.  long  between  abutmenta  and  12 
tL  wide,  or  IS  ft.  between  parapet  walla.  It  conaUta  of  thrae  dlp- 
tlcol  BTChaa  (not  reinforced),  each  bavins  a  Wan  of  140  ft.  a 
tiae  of  to  ft  and  a  orawn  tblckneoa  of  T  ft  These  main  archea 
■upported  Kiandre)  archea  of  It  ft.  span  r^aforced  with  atael  akele- 
toni  made  prlndpaltr  of  raJla  The  plera  are  about  tl  ft.  htsta 
to  the  wirliiK  line  and  are  built  around  and  over  the  old  aln^  track 
bridge  plera 

The  total  coat  waa  tlSE.OOO,  which  ta  eQulVEaent  to  ISTQ  per  ito. 
ft.,  or  110  per  aq.  ft  of  roadway.  There  were  12,000  cu.  yda.  of 
concrete,  or  tS  cu,  7d&  per  Iln.  ft,  or  1  cu.  yd.  per  aq.  ft  of  road- 
way; S,000  cu.  yda.  of  excavation,  which  coat  TS  eta.  per  en.  yd.; 
-400,000  ft  B.  IL  In  cotTerdama,  centers  and  forma,  and  110,000  lbs. 
steel  relntorcAment  The  labor  coat  of  handllnK,  punching  and 
orectInK  the  steel  Was  O.Rl  ct  per  lb. 

Material*  \n  14(l-ft  Stone  Arch  for  Railway.— A  double  track  stone 
hiidBe  waa  built  In  1899  acroas  the  Connecticut  iUver,  at  BeUowa 
Falls,  Vt,  for  the  Fltohburg  railroad.  It  conalata  of  two  atone  arch 
spans  of  140  ft  each,  havlns  a  rise  of  20  ft  The  width  orer  all 
la  31  ft  The  arch  sheeting  Is  4  ft  thick.  Tbe  bridge  la  pacollar 
In  that  It  haa  no  masonry  abutments  Or  pier,  the  arotMS  smrlnglng 
directly  from  ledge  rock  on  each  bank  and  from  a  rodc  taland  In 
the  center  of  the  stream.  Thia  natural  pier  In  the  middle  of  the 
river  Is  IS  ft  thick  along  the  aprlng  Una,  thus  giving  a  total  lanetb 
of  bridge  of  lis  ft  between  the  natural  abutmenta  There  were 
tas.OOO  ft  R  H.  reaulred  tor  the  centov,  or  GG  ft  B.  IL  per  en. 
yd.  ol  masonry  In  the  bridgCk    The  masonry  waa  as  tollowa : 


Cu.Tda. 

Ring  stones  and  skewbacks 1,281 

CopInK    tSt 

Rubble 1,4<T 

Concrete   In   foundatlona 180 

Total    4Tm 

Thia  Is  equivalent  to  ISH  cu.  yda,  per  Un.  ft 
Price  of  a  Concrete  Arch  Highway  Brldgs^-Hr.  WllUava  B.  Bar- 
ber  gives  the  following  data:  This  highway  bridge  crosaea  San 
Leandro  Creek,  Col.  It  haa  a  macadam  roEuDwoy  41  ft  Wide,  and 
tvo  S>ft  cement  Walks.  The  span  Is  Sl^  ft,  the  rise  ts  It  ft,  and 
the  ihlckneas  la  3  ft.  The  footings  have  at  the  crown  a  width  of 
to  ft  on  each  aide  and  extend  G  ft  below  the  bed  of  tbe  credi, 
resting  upon  a  bed  of  cloy  without  any  pile  aupporta.  There  wera 
90.000  ft  B.  IL  of  lumber  In  the  centera  The  concret*  waa  ■ 
1  -.2  :T  of  broken  atone.  The  bridge  contalna  t.ttS  cu.  yda  and  waa 
built  at  a  contract  price  of  l>G,B40  bv  the  &  B.  *  A.  L.  Stone  Co., 
of  Oakland,  Cat 
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Materials  In  a  ConeraM  Highway  Bridga.— A  concrete  arch  blKh- 
way  bridge  was  built  acroBB  the  River  Brach.  near  Inman,  Oer- 
manr.  fn  18SS.  It  la  a  three-hlnKe  arch,  the  hlngea  belnc  at  Bran- 
Ita  with  Intermediate  abaeti  of  S/IS  In.  lead.  The  >pen  la  9t  ft.; 
the  rlaa  la  9.8  ft  -  the  Ihlckneea  at  the  crown  la  1.48  ft :  at  the 
taaunchee.  S.tt  ft. ;  at  the  spring  joint.  1.E4  ft.  Ths  carrlBgeway  la 
ontr  S.2  ft.  wide,  and  the  two  aldewalka  are  each  ZAi  ft.;  total, 
11.12  ft.  The  arch  ipreada  In  width  to  11.48  ft.  at  the  aprlng  llnea 
The  roadway  resta  on  the  arch  at  the  center,  and  la  aupported  by 
four  spandrel  arches  resting  on  throe  piers  at  each  end.  Each 
abutment  rests  on  41  batter  piles,  IB  ft  lOnK.  The  bridge  was 
designed  to  carry  1*  lbs.  per  sq.  ft  and  a  Ifi  ton  steam  roller, 
with  compressure  stress  not  exceeding  480  lbs.  per  sq.  In.,  and  ten- 
sile Btresa  not  exceeding  ET  Iba  There  are  408  cii.  yds.  of  concrete 
In  the  bridge,  Including  foundations,  built  for  (3.20  per  cu.  yd.  for 
ftiundatlon  and  t8.S4  for  arch.  Contract  price  was  (1,930,  Includ- 
ing excavation  and  plies. 

DlmanslonB  and  Cost  of  Forty-five  Concrete  Arch  Bridges.— In 
Enfflneering'CorttTacling,  Mar.  IT,  1909,  the  following  table  of  costs, 
by  Ur.  E.  P.   Ooodrlch,  Is  printed. 

Table  XX  gives  some  of  the  dlmenslona  and  costs  of  a  number 
of  arches.  In  the  case  of  single  arch  spans,  the  cost  per  square 
foot  Is  computed  from  face  to  face  of  abutments  and  out  to  out 
of   railings. 

Cost  of  Conorete  -Srldgea. — In  a  ^ble  covering  eighteen  concrete 
arch  bridges  recenCiy  built  hi  Pbltadelpbia  the  contract  price  spread 
upon  the  span  area — ths  clear  span  by  the  width — varies  from  |3.11 
to  19.74  per  eq.  ft.  and  It  varies  from  tl.TS  to  31.29  per  sq.  ft  of 
area  occupied  by  the  ground  plan  to  ends  of  wings,  the  latter  ex. 
tremea  being  not  on  the  same  bridges  as  the  other  two.  The  aver- 
age of  the  lot  was  33.25  per  sq.  ft  of  span  area  and  |3.S0  per  sq. 
ft  over  all.  most  of  them  being  single  span  bridges  wtUi  long  wings, 
and  all  being  highway  bridges  designed  to  carry  loads  of  40  tons 
on  two  axles  £0  ft  apart  All  have  ornamental  concrete  balus- 
trades and  washed  granolithic  surfaces  and  paved  deckiL  with  elec- 
trical conduits  and  manholes,  and  water  pipe  and  sewer  well-holes 
and  some  have  pretty  deep  foundations.  It  the  whole  contract 
price  be  set  against  the  yardage  of  the  concrete  In  the  structure 
the  unit  coste  vary  from  (8.50  to  311. 2E  per  cu.  yd.,  averaging 
19. TG.  Mr.  Henry  E.  Quimby, :  Engineer  of  Bridges,  Philadelphia, 
Pa.,   Is  authority  for  these  flgures. 

Concrete  Arch  Bridge,  8.  P.,  L.  A.  A  8.  L.  R.  R.~Mr.  A.  C. 
Ostrom  gives  the  fcllowlng  facts  about  an  etght-areh  bridge  cross- 
ing the  Santa  Ana  River  on  the  San  Pedro.  Los  Angeles  &  Salt 
Idke  R.  R.  The  bridge  Is  984  ft  long.  IT  ft  wide,  G5  ft  high 
(averaged),  and  contains  14.000  cu.  yils.  of  concrete  without  any 
steel  reinforcement.  Badh  arch  has  a  radius  of  4tH  ft.  a  rise  of 
ST  ft.  and  a  thickness  of  4Z  Ins.  at  the  crown.  The  arch  ring 
projects  3  Ins.  beyond  the  face  of  the  spandrel  walls.  The  piers 
have  a  footing  IS  X  28  ft  resting  on  granite,  and  narrow  by  steps 
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to  •  X  11-  They  ftr«  p«eti»ted  v«rUc*lIr  by  two  waUs  IH  X  t  tt^ 
tbua  myioM  codctmb  and  prariObiz  drainaxa  by  waep  boles  balow 
Htd  ttoriBotiUl  timuela  ax  the  top  of  tbe  »ndi  hatiBcb.  There  are 
two  eeti  of  vuidrel  walls  coonected  by  cross  walls,  covered  by  a 
le-ln.  concrete  tloor  which  suaUIns  the  i;ji  ft  of  ballast  CaoMnt 
ftod  vra*el  la  the  ratio  1  to  11  were  used  for  the  foondatloiia  sntl 
spandrel  wallBi  Tba  arch  rlnss  were  made  of  1 :1 :4  H  stone  emt- 
erete.  Tbe  sravel  wa>  washed  by  means  at  a  riulce  jMiisliia 
throu^  a  box  where  the  coarse  gn^vel  and  clean  sand  settled. 
Three  BwiBome  mixers  wen  (qwrated  by  a  ZE-hp.  eosins.  The  ardi 
centers  were  aopported  on  four  bents  of  fonr  piles  per  b«it  driven 
ta  bed  rock.  'Riese  were  capped  by  It  X  It-tn.  c^m.  The  thnut 
trom  the  seKments  waa  conyeyed  by  radta)  g  x  ft-[n.  Btruts  to  hor- 
ixontol  chords  which  were  upheld  by  wedgee  placed  on  It  X  ll-ln. 
strlDKera  that  rsMsd  upon   the  c«pa. 

Cost  of  >  Rslnfsrced  Conerata  Arch  Highway  Brids*- — Mr.  P.  A. 
Courtrlxht  gives  tbe  following  on  tbe  coat  of  "■'**"»  and  placlnc 
concrete  In  a  concrete  bridge  havInK  7  arches,  each  (tf  64  ft  van 
and  S  ft  rise,  at  Platawelt.  IDdL,  In  1901,  a>  folknra: 


Total 
per  day. 

Tots! 
percu-yd. 

BnEine   and    mlxe 

Total  labor  for  10  cu.  yds.. . . 

....»8*-« 

11.15 

Total,    per   cu 

yd 

II.M 

The  concrete  yardage  was  as  follows: 
6.T0  CD.  yda.  of  1  :S  gravel  concrete  In  foundationa 
770  cu.  yds.  of  1  :e  gmvel  concrete  In  archea. 
150  cu.  yda  of  1 :«  sravel  concrete  In  wslla 
One  sack  of  cement  was  conaldered  to  be  1  cu.  ft.     The  brldj 
bad  an  IS-ft.  readwar  and  a  S-It.  side  vrall.  a  total  lenitth  ol  « 
tt.,  and  the  eatlmate  of  Its  coit  at  contract  prices  was: 

1,490  cu.  yds.  concrete,  at  17.00 ttO,4SO 

l.IOO  cu.  yda  earth  fill,  at  tO.SO >tO 

IS.OOO  lbs.  of  Bted.  at  |0.0G 1,80* 

SMO  ft  of  plies  In  foundations,  at  lO.lO BIO 

2,:i0  sq.  ft  of  cement  walk,  at  tO-10 til 

Total    »1I.I7» 

Bxcavatins.  pumping,  coSer  damiL  and  nenter^  $791 
per  arch    '. G,tt7 

Grand   total tlg,>I» 
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Tho  method  of  ""■Viy  Uie  concrote  wtM  aa  tollpwa :  Tha  sravel, 
which  had  Sl%  voida.  and  coutalned  aufflcletit  aand,  waa  ahoveled 
Into  a  1  cu.  Td.  wacon  at  the  pit.  and  hauled  to  a  platfonn  at  the 
Intake  o(  a  UcKelvej  contlnuoua  mixer.  Half  the  cement  required 
for  a  l>atch  woa  q>read  over  the  load  of  xraval  before  dumplns  tha 
load  throat  the  bottom  of  the  wacon ;  then  the  reat  of  the  cement 
waa  addad  aftar  dumplnc-  One  man  diovelad  the  material  over  to 
anothar  man  who  iluiTelad  tt  Into  the  mixer.  After  the  material 
had  paaaed  one-third  the  length  of  the  mixer,  water  waa  turned  In. 
Tha  mixer  delivered  the  ooncrete  Into  wheelbarrowa  (rmn  which  It 
wna  dumped  to  place  and  spread  la  S-la,  layera.  Two  men  were 
etnplored  tampiuji  to  1  man  ahovellas  the  concrete.  The  cravel  tor 
the  arches  and  najla  waa  acreened  through  a  1-la.  meah  acreen 
placed  on  the  wagon  while  loadlnj;  at  the  pit.  Regardlnc  the 
product  of  the  mixer,  Mr.  Courtright  rayar  "A  more  complete 
blendlns  of  materlala  would  be  difficult  to  produce."  Thli  state- 
ment la  noteworthy  in  view  of  the  common  prajudice  «galuat  cod- 
Unuoua  mlxera 

Cmtera. — The  heels  were  supported  on  the  benchee  oonatmctad 
upon  each  pl«r  and  abutment  foundation.  Elach  center  was  sup- 
ported to  the  panel  Joints  by  twelve  temporary  piles.  These  were 
driven  In  advance  at  the  faundatlon  woA.  sawed  off,  capped  with 
tlmbent  and  uaad  as  a  woiUng  platform. 

The  centers  themselves  were  made  of  Oeorsta  pine  ptank.  Each 
rib  section  was  built  up  with  three  planks,  two  2  X  IS  Inch  tor  out- 
side, and  one  ID  X  Z-Inch  between.  These  were  sacrurely  nailed  and 
bolted  together,  the  panels  being  Joined  by  bolting  on  two  pieces 
of   2  X  1-lnch  OBlL 

The  top  chord  was  made  of  one  plank,  cut  In  section^  and 
rounded  to  lit  tha  Intradoa  of  the  arch.  The  panel  joints  were  sup- 
ported by  S  X  12-lnch  timbers,  carried  on  posts  reaUng  on  8  X  11- 
Inch  tlmt>er  caps  on  pUea 

Wedcea  for  lowering  tha  centers  were  tiaed  at  all  bearing  polnta 

Centers  were  covered  with  t  X  11-inch  planed  pine  lagging  and 
made  a  very  rigid  and  nnooth  surface  for  concrete.  The  mlntmum 
of  time  allowed  for  the  removal  of  centers  after  the  completion  of 
an  arch  was  28  daya 

The  appearance  of  the  arch  ringa.  showing  the  same  divided  as 
by  Jolnta  between  stones,  was  produced  by  nailing  half  round  strips 
on  the  form,  and  gives  a  good  stmctural  ettect  to  the  work.  The 
entire  structure  was  built  In  the  forms  with  the  single  excefitlan  of 
the  fourteen  keystones,  which,  owing  to  their  peculiar  design,  were 
cast  separate,  and  set  In  the  form. 

PiUnff. — Bach  abutment  foundation  has  II  piles,  the  plera  hav- 
ing 2S  each.  Piles  ware  oak,  elm,  beech  and  hickory,  not  less  than 
12  Ina.  nor  more  than  It  tns.  at  the  head.  They  cost,  delivered 
on  the  grotmd  and  aharpened  ready  for  driving.  IB  centa  per  lineal 
foot     The  average  number  driven  per  day  waa  BH- 
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COM   of  dHvtaff— 

BnKlBS  and  driver,  p«r  dftf. . 


Condltlona  for  conatnictlon  were  v«ry  favorable.  The  irater  va< 
ried  Id  depth  from  3  to  E  ft,  with  a  current  of  from  two  to  three 
mllei  per  hour.  Under  the  allt  and  Band  which  fonoed  the  river 
bed,  sravel  was  found  to  depth  of  atwut  I  ft ;  below  this,  quldk' 
■and,  flUed  with  atones  of  vairing  ilEea,  wae  encountervd. 

For  touudattonB,   plies  were  driven  to  an  approximate  depth  ot 

10  tt  below  the  bed  of  the  stream.  CofTerdams  were  built,  tlie 
water  pumped  out.  and  the  excavation  carried  down  until  1  tt  of 
BTftvel  was  left  above  the  quldcsand.  The  piles  were  lEiwed  ofT  14 
ft.  above  the  bottom  of  the  excavation,  and  tbe  concrete  oarrlrd  Dp 
to  the  Mpriag  line  of  the  archest 

Cost  of  Three  Reinforced  Concrete  Arch  Brldeee.  L>  8,  •  M.  S. 
Rjr.— Mr.  Bamuel  Rockwell  Klvea  the  followloK  aa  to  the  slse  and 
cost  of  three  reinforced  concrete  railway  arch  bridsee.  The  brtdse 
arches  had  a  span  of  30  ft,  a  rise  of  D  ft.  a  crown  thickness  of  31 
Ina.  a  thlcltneas  at  the  spring  of  fA  ft,  end  a  barrel  length  of  40, 
to   and  leo   ft.,   reepectlvely.      The  abutments  were  S  ft   high  and 

11  ft  wide  at  the  tkase.  Johnson  comiKated  steel  ban  were  used, 
for  reinforcement.  The  concrete  was  1  sand,  S  sravd  and  nmd 
(S0%  each)  and  t  broken  stone  laid  wet  In  all  there  were  4.BI1 
cv.  TdsL.  Including  wing  walls  and  parapets.  The  work  was  done 
by  componr  forces  at  Elkhart,  Ind,,  la  1901.  It  wlU  be  noted  that 
the  sand  and  stone  were  tmusuallr  low  in  cost. 

Total      Costpsr 
cost        cu-rd. 

Cement     t  S,S«0         |1.M 

Stone    1,T8B 

Sand  and   gravM    (obtained  from  founda- 


Bxcavatlng  and  pumping l.tIO 

Machinery,  pipe,   flttlngs.  etc 4H 

Temporary  buildings,  trestles,  etc TBI 

Total  for  4.S3S  cu.  yds. %i9Mt 

Cost  of  8ms[[  Reinforced  Concrete  Highway  erldges.* — Belnforced 
concrete  highway  bridge  conetrucClon  Is  being  widely  advocated  by 

'EnBtneerlng-Conlraeltiia,  Dec  t,  1S98. 


lllnola  HlKtiway  Commissioner,  Ur.  A.  N.  Johnson,  State  Elngl- 

To  encourage  the  buildLoK  of  such  brtdgea,  he  has  worked 

wo  general  standard  deBlBn&    He  recommends  reinforced  con- 

s  under  50  ft.  In  length.     It  has  found  that  for 


Ft»  IT. 

QianB  und«r  10  or  GO  ft,  reinforced  concrete  can  be  used  at  very 
reiu»na.bl«  coat  and  that  for  longer  >i>ans  a  reinforced  concrete 
floor  doea  not  add  an  excessive  amount  to  the  cost  of  th«  bridge. 

Spans  Under  18  Ft. — For  spans  under  18  ft  In  the  clear  a  plain 
reinforced  concrete   slab  is  used  for  the  floor,   the  [irlnclpal  rein- 
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forcement  ninnlns  from  abutmrat  to  abatment  R«lnfore«d  con- 
crete Bide  rail!  are  used  for  th[B  cJaM  of  bridge  and  are  considered 
preferable  to  pipe  or  angle  rails  because  of  their  streoKtb  and  dura- 
bility. Plgurea  16.  17  and  IS  ahow  the  plana  for  one  of  theae 
brldgea     tn  constructing  tbeee  brldgea  Ur.  Johnson  says: 

"Where  a  number  of  slab  bridges  und«-  10  ft.  In  span  are  built 
the  same  season,  It  may  prove  cheaper  to  use  I-beanu  to  aupport 
the  slab  until  the  concrete  has  set  than  to  use  mud  sills  and  timber 
posts.  It  this  Is  done  the  abutments  are  carried  up  as  usual  to  tba 
height  of  the  under  aide  of  the  floor,  pockets  being  left  for  the  I- 
beams;  these  pockets  being  about  S  Ina  wide  and  deep  enough  ■» 
that  when  opposing  wedges  are  placed  under  the  ends  of  the  I- 
beams   the   tap  flanges  of   the   t-beams   wilt   be   3   Ina   below   the 


Fig.  18. 

level  of  the  bottom  of  tbe-slab.  Two-ln.  planking  is  used  to  sup- 
port the  Blab.  When  the  concrete  lo  the  slab  and  rails  has  hard- 
ened Bufflelenlly  the  wedges  are  removed  and  the  floor  tonDs  drop 
down :  the  planlcs  are  drawn  out  at  the  sldee  and  likewise  the  I- 
beams  through  the  pockets  In  one  of  the  abutments.  The  pockets 
are  then  fllled  with  concrete.  The  l-beama  and  planks  roar  he 
used  repeatedly." 

Span*  From  IB  to  it  Ft. — For  spans  ranging  In  length  from  18 
to  42  ft  the  concrete  rails  have  been  designed  as  gtrders  to  canr 
the  toad  to  the  abutments.  The  floor  In  this  cose  Is  a  reinforced 
concrete  slab,  the  main  reinforcement  running  from  girder  to  gli^ 
der.  The  floor  Is  suspended  to  the  girders  by  bending  every  third 
floor  bar  up  Into  the  girders.  This  type  might  Well  be  classed  as 
a  reinforced  concrete  through  girder  bridge.  This  has  proved  to 
be  a  very  economical  design.    The  forma  are  very  simple  and  much 
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of  the  Iumb«r  remalnB  uncut.  Tho  bendlnit  moment  In  the  door 
■lab  !■  IndepMidait  of  the  length  of  the  span,  and  consequently  the 
amount  ol  concrete  and  steel  In  tne  floor  slab,  for  a  slven  width 
of  Toadwar,  remains  conetant  per  foot  of  brtdre.  The  ralli  or 
Klrden  for  brldKes  IS  to  30  ft.  In  ipaa  contain  but  little  more  con- 
crete t>'«"  would  ordinarily  be  neceoary  for  appaantnce  and  eco- 
nomical placlns  In  the  rail  forma  For  qtana  over  30  ft.,  and  par- 
ticularly for  wide  roadnaya,  the  Ktrdera  become  heavier,  and  It  has 
been  found  neceeaary  to  deatsn  the  Kirderi  with  a  heavy  coplnE. 
elvInK  the  girders  a  T-beam  section.  A  number  of  girder  brldgea 
of  this  character  have  already  been  built  and  the  plans  drawn  for 
several  wblcb  wUl  be  built  the  cominK  eeasoti. 

The  dimensions.  Quantities  and  costs  for  a  number  of  the  brldgea 
built  on  these  plans  are  given  In  Table  XXL 

Cost  o(  ■  Reinforced  Concrste  iHlahwiy  Bridge. — The  bridge  had 
a  clear  span  of  30  ft.  and  an  SO-fL  roadway.  The  arch  ring  was 
g  ma  thlc^k  at  the  cronn  and  12  ina  thick  at  skewbacks,  with  a. 
rise  of  approximately  6  ft.  It  rested  on  12-ln.  abutment  walla 
with  center  posts  and  21 -In.  f  do  tins  staba  The  spandrel 
walls  were  12  Ina  thick  and  reached  well  beyond  the  abut- 
ment walls  on  each  side,  the  free  ends  having  Inside  counter- 
forta  The  height  of  the  abutment  walls  from  skewback  to  water 
level  was  12  ft.  These  walls  were  continued  beyond  the  faces  of 
the  opandrei  walls  by  wing  walls,  which  held  the  slopes  of  the  deep 
ml  from  the  channel.  This  &11  reached  to  a  height  of  4  ft.  above 
the  crown  of  the  arches.  All  walls  were  founded  on  piles.  There 
were  8T2  cu.  yda  of  concrete  In  the  structure.  The  general  design 
was  made  by  City  Ehiglneer  H.  P.  Blair.  St  Boniface,  Manitoba, 
where  the  bridge  was  built  and  the  reinforcement  was  derigned 
and  supplied  by  Clarence  W.  Noble,  Winnipeg.  Manitoba.  The  re- 
inforcement was  high  carbon  square  twisted  steel  bara  The  work 
was  done  by  day  labor  by  the  dty  engineer  and  cost  as  follows : 

Foiatdallona—  Total  CooL 

S.SSe  cu.  yda  excavation,  at  3S.2  eta t2,034.S3 

«,OeO  Hn.  ft.  piling,  at  H.7  cts 893.86 

Driving  piles  at  IBIA  eta  per  Hn.  ft.  (t>y  contract)      839.30 

Total     13,867.73 

Comente  Katerlala—  Total.     Per-cu.yd. 

l.Ut  bbla  cement,  at  KM *3,513         |*.0(S 

BT2  cu.  yda  aggregate  f .  o.  b.  cars  at  tl      S'^  l-^"" 

Lumber  for  forms,  etc.   (1/3  of  »1,*91>..      «7  0.B70 

Reinforcing  bars 1.418  l-«2« 

Totals    IMS"         "■"» 
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I     Si... 
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Pr 


Labor   on    fonns t    «t>         JO.H 


0.14B 

nauiiDK    BSgregaua lis  O.lTl 

Mlzlns  and^  piacXng  concreM ],«»(  l.ail 

FlnlaUng-   concrete   work Gt  0,0(4 

Bractlon    ot   mtiflr II  0.070 

Total*    12.011  W.007 

BuppUM— 

Coal     t       14  »0,0J7 

Oil    for    tonas 31  O.0)t 

Touia   166      ioTm 

Oraod  totals  tor  concrete  woric )li014       I10.3S6 

The  work  wa«  carried  on  under  considerable  difflculty.  The  ex- 
cavation was  Interruptad  bs  frequent  rains,  and  the  banks  slipped, 
causing  the  handling:  of  conslderahie  additional  material.  The 
work  dI  driving:  piles  was  also  frequently  iDtemipted  by  rain,  and 
as  a  consequence  the  extra  work  of  placing  concrete  did  not  Mart 
until  late  In  the  tall,  and  had  to  be  prosecuted  by  two  shifts,  work- 
ing day  and  night.  Sunday  Included,  until  it  was  flnlahed.  The 
conditions  are  reflected  in  the  high  unit  cost  of  excavation.  The 
cost  of  placing  reinforcing  bars  is  about  typical,  while  the  cost  of 
placing  concrete  at  tl.ll  per  yard  Is  abnormal,  owing  to  the  tact 
that  Id  this  item  is  charged  considerable  genoal  labor,  which  could 
not  be  otherwise  apportioned. 

The  specifics. tlans  originally  contemplated  the  use  of  cruihed 
limestone,  but  there  was  submitted  to  the  engineer  samples  of  very 
good  gravel  at  a  price  of  fl  per  cu.  yd.  This  gravel  was  clean, 
and  contained  enough  sand  to  fill  the  voids  without  additional  mate- 
rial ;  In  fact,  soma  of  It  contained  slightly  too  much  sand.  The  cost 
ot  sifting  out  the  coarse  material  and  again  sifting  out  the  fine 
material,  and  then  mixing  the  two  together  in  the  proper  propor- 
tions was  found  to  be  32  eta  per  cu.  yd.  This  was  used  for  all  arch 
concrete,  but  for  abutments  the  mix  ot  the  gravel  as  delivered  was 
deemed  satisfactory,  as  It  did  not  vary  greatly  from  the  proper 
proportlona  The  tooUngs  were  made  of  crusher  rock  dust  and 
limestone,  which  had  been  owned  by  the  city  for  several  yeara 
This  material  Is  conildered  as  costing  the  same  as  gravel. 

Cost  of  Mixing  and  Ptseing  Concrsts  tor  an  Arch  Bridge,— A 
nataral  minture  of  sand  and  gravel  wai  brought  In  on  trucks  AA 
by  electric  railway  and  discharged  through  gratlnKs  Into  a  storage 
bin.  Fig.  19.  Five  parallel  charging  car  tracks  BB  ran  under  this 
storage  bin.  The  charging  cars  C  were  IB  cu.  ft-  capacity.  Just  one 
batch  for  the  mixer.  A  car  was  first  loaded  with  gravel  under  one 
of  the  hoppers,  then  moved  back  under  the  cement  chute  to  receive 
the  cttnent,  and  then  moved  forward  onto  the  truck  F  which  trav- 
eled on  the  tnutaverse  track  passing  the  mixer.  The  mixer  dis- 
charged into  a  hoist  bucket  /  which  automatically  discharged  lU 
load  Into  the  hoppers  //  whence  the  concrete  was  chuted  Into 
wheelbarrows,  two  wheeled  carts  or  dump  oars  and  taken  out  on 
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Fig.  19. — Cone  re 
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tT«M]M  to  tb*  woiIl     Tbe  sans  charxliis  aoO  mixing:  ktd  plactns 
Ui«  coDcreM  mm  u  followfl: 

Duty.                                                                  No.  men. 
Ch&rslns   cara S 

Operathis   "■''•«■ ]    "']]]',]]   S 

At    hCVPT    In    tOWOT 1 

WtMelfns   concrete S  to  6 

Placlns  and   qxidtns  concrete 1 

Hotat  engineer 1 

Fireman   (mixer  and  pump) 1 

Total    16  to  n 

Thl*  gang  placed  on  an  average  ISO  cu.  rda  of  concrete  per  day, 
or  about  lO  cu,  yds.  per  man.  With  waee>  averaging  fS  per  man 
per  day  this  would  give  a  labor  oost  of  20  cts.  per  cu.  yd.  for  mix- 
ing and  placing,  not  Including  superintendence. 

Coit  of  •  Reinforced  Concrete  Arch  Bridge — Id  Bnaineerlng- 
Oontractinff,  July  12,  1908,  Hr.  John  Harme  givea  the  following 
data;  The  bridge  hoB  a  roadway  30  ft.  wide  In  the  cloar,  and  two 
■Idewallu  S  fL  wide  each.     Tbe  length   of  the   bridge  U   SOS   ft. 


H4  Ina. 


Fig.  SO. — Concrete  Arch  Bridge. 

divided  aa  foUowa;  !0  ft  for  each  abutment.  81  ft  for  each  outer 
arch,  88  ft  for  center  arcb  and  8  ft  for  each  pier.  The  reinforce- 
ment used  la  the  archea  la  1  In.  twiated  ateel,  2  ft  c  to  c  In  two 
from  extradoB  and  Intradoa  and  tied  to  ^  In.  square 
I  every  5  ft  The  reinforcement  of  the  overhanging 
aldewalka  la  ot  expanded  roelal  No.  4  gage  6  In.  meah,  which  la 
turned  down  at  the  outer  edge  for  about  4  Ina  and  faatened  to  a 
%  In.  square  rod,  and  on  the  Inner  edge  la  booked  to  a  1  In.  twtatfld 
rod  whtch  le  anchored  with  W  in.  twisted  rods  to  the  bottom  rein- 
forcing rods  of  the  arch,  aa  ahown  by  FIga   20  and  11. 

The  thlckneaa  of  concrete  of  the  archea  Is  40  tna.  (or  the  outer 
archee  at  haunchea.  20  Ina.  at  a  diatance  of  18. E  ft  from  haunches 
and  21  Ina  at  the  crown.  For  center  of  the  arch  the  thlckneas  la 
43  Ina  at  haunches,  10  Ina  at  distances  of  IS.S  ft.  frMD  haunches 
and  22  ino.  at  the  crown. 

The  pters  are  of  monolithic  constroctlon.  The  upstream  and 
downstream  ends  form  a  sharp  point,  reinforced  with  blocks  of 
brown  stonet  cut  to  the  proper  angle  io  break  the  Ice.     Piers  and 
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ftbubnMU  won  bunt  up  to  an  devotion  of  ».S  ft.  above  low  iratar 
mark.  Since  the  bed  of  the  river  ia  aott  inuil,  eacb  of  the  plera  waa 
built  OD  a  foundation  of  SD  pll«a  driTen  t  ft  c^  to  c  and  out  off  at 
an  elevation  of  2  ft.  below  IC  I«  W. 

On  account  of  the  kind  of  soil  It  ma  neceasur  to  drive  ptles 
for  the  faloework.  and  this  waa  b^pm  at  the  mne  time  aa  the  Jet- 
ting for  the  Bheetpllinc  of  the  abutmanL  The  pllea  for  falaewoik 
conslated  of  nine  rowa  of  Ave  piles  each  for  onter  archer  and  tan 
rowB  for  center  arch.  After  pllen  for  first  arch  were  drives,  pile 
driving  tor  pier  No.  1  waa  started.  This  being  finished.  ietOng 
:   for   the   pier   waa   started.     Up   to    thta   time   the 


Fig.  21. — Croae-Sectlon  of  Bridge. 

water  in  the  river  waa  as  low  aa  2  ft.,  making  It  Impoarible  to  ftoat 
any  craft,  and  ao  crlbwork  bad  been  used  for  handling  tbe  vl>« 
driver.  Heavy  rainfalls  raiSBd  the  water  to  10  fL  and  cauaed  at 
timea  such  strong  currents  that  the  work  had  to  be  stepped.  Thla 
brought  the  cost  of  labor  much  higher  than  It  would  have  been 
under  ordinary  clrcumstancaa.  The  coat  of  letting  the  sbeetpiUng 
on  the  pier  le  given  further  on.  After  the  aheetplllnB  was  all  driven 
and  properly  ahored  for  heavy  water  pressure  a  centrifugal  pump 
waa  Installed,  driven  by  the  pile  driver  engine,  and  the  enclosura 
waa  kept  dry  until  concrete  waa  In  place.  Excavation  waa  ex- 
tended to  3  ft.  below  low  water  mark  and  the  pllea  cut  oft  2  ft. 
below  the  same  level,  ao  aa  to  enclose  them  in  about  12  Ina.  at 
concrete.  The  whole  space  was  then  Ailed  In  vrltb  concrete  up  to 
H.  L,.  W.,  and  on  thla  foundation  the  forma  for  the  pier  wer«  buOt. 
At  this  time  excavation  for  abutment  No.  1  was  flnlAed  and  a 
'^oppel  Industrial   railway  had  been  laid.     This  railway  was  laid 
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on  ft  tMnporarr  trestle  across  the  river  and  was  provided  irltli 
•vltchea  to  raach  abutments  and  piers. 

ShMtpUioK  of  the  abutments  served  as  torms  up  to  about  1  ft. 
below  th*  spring  Una  Above  this  point,  forms  of  I  In.  spruce  were 
btUlt  The  deslsnlns  of  an  IS-ln.  crown  molding  on  all  piers  and 
abuBnonts  at  the  helebt  of  the  spring  line  of  arches  made  the 
rorrns  rather  eipenslve.  The  concrete  In  the  abutment  was  fln- 
Ished  In  broken  layers  on  the  arch  side  to  give  a  Kood  bond  between 
arch  and  abutment.  While  the  concreting  on  abutments  and  piers 
was  being  done,  the  building  of  falsework  for  the  first  arch  bad 
proceeded. 

The  construction  of  this  falsework  was  as  follows:  Piles  were 
cut  off  at  a  height  of  S  ft.  below  the  bottom  line  of  the  concrete 


Fig.  22. — Falsework  and  Forms. 


KTtSL  On  these  piles  were  placed,  treneveree  to  tbe  arch,  two 
■  X  IZ-ln.  caps,  spiked  to  piles  well  spliced  together  at  joint  in 
center,  and  overhanging  about  6  ft.  at  outside.  An  upper  cap  was 
made  of  two  6 1 12-ln.  Umbers.  Between  tbe  two  caps  oak  wedges 
were  placed  about  every  &  ft.  On  top  of  the  upper  caps  were 
placed  S  z  12-ln.  Ilaor  t>eaniB  S  ft.  S  In.  c  to  c,  cut  on  top  to  proper 
line  of  arch.  A  2-ln.  spruce  floor  was  nailed  to  these  floor  beams 
(see  Fig.  21). 

It  may  be  well  to  remark  here  that  the  centers  were  laid  out 
full  alse  on  a  large  platform,  and  patterns  were  made  of  l-In.  pine 
boards  for  all  floor  beams  and  side  forms  of  arches.  The  cutting 
of  all  the  floor  beams  was  dons  by  a  li-ln.  circular  saw,  which  was 
run  by  a  belt  connected  to  the  hoisting  engine  which  pulled  the 
cars  up  the  Incline  to  the  mixing  platform. 

The  different  radii  of  the  arches  made  tha  curves  of  the  floor 
beams  vary  to  such  an  extent  that  the  amount  of  framing  of  center 
done  per  day  varied  a  great  deal.  The  side  forms  of  arches  were 
made  of  t-ln.  spruce  and  built  In  sections  of  T  ft.     In  this  way  the 
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pUdas  ol  foima  ynm  done  quiclclr  and  cheaply.  Tbe  apedllcatloDs 
MaUd  that  the  concreting  of  tbe  archea  abould  be  dona  la  tib* 
of  nich  a  width  that  one  complete  rib  of  Cha  arcb  could  be  flnlAied 
in  a  day.  Three  mora  tomu  almliaj  to  the  oulalde  farma  wer« 
made  and  m  placed  ai  to  divide  tba  arch  Into  five  eaual  ribs. 

Since  It  la  Important  to  have  relaforcemeat  at  the  proper  dje- 
tance  from  Intrados  uid  extradoa,  Uttla  cement  blocks  of  IH-ln. 
thlclCD«w  were  made  to  hold  the  bare  at  the  proper  distance  from 
the  bottom-  The  advant&^  of  using  concrete  blocks  Instead  of 
wooden  blocks,  as  Is  usually  done.  Is  easily  understood.  The 
blocks,  belns  of  concrete,  stay  In  place,  require  no  pointing  np 
atterwardB,  and  the  cost  of  maUnc  them  Is  about  H  ct.  eocli. 

After  pl&cInK,  upper  longitudinal  bars;  sticks  were  used  to 
hold  these  in  place,  but  the  writer  propoaea  on  future  Jobs  to  make 
concrete  blocks  as  shown  In  Fig.  23.  The  cost  of  such  a  hlock  the 
writer  bellevea  would  be  snail,  while  Its  efflcleocy  would  be  muA 
as  to  make  It  econotnicsl 


Fig.   S3. 


Ab  ahown  In  plan.  Figr,  St,  the  reinforcement  of  spandrel  walla 
and  overhung  sidewalk  was  anchored  to  the  lower  rods  or  arch, 
and  the  1-ln.  rod  was  suspended  at  the  proper  height  on  wooden 
brackets  nailed  to  the  outside  of  the  arch  forma  From  this  bar, 
^-In.  twisted  rods  were  run  to  the  lower  rods,  every  IS  Ina,  being 
hooked  on  both  rods  by  turning  the  ends. 

Pile  driving  and  aheetpUlng  had  been  going  on.  and  when  high 
water   caused   this   work   to   be   stopped,   coi 
No.  2  was  done. 

The   Industrial   railway   proved   of   great  value   during  s 
time  for  handling  materials  In  an  economical  way. 

It  may  be  well  to  mentloQ  the  method  used  for  h 
terialB.  The  stone  and  sand  had  to  be  sti 
about  iBO  ft.  away  from  the  proposed  bridge.  A  platform  U  x  IC 
ft.  was  built  about  60  ft  from  this  place  at  an  elevation  of  IC  ft 
Under  this  ptattorm  was  placed  a  Smith  miser,  blocked  up  on 
timbers,   high  enough   to  allow  of  dtimping  Into  the   Koppel   side 


k  timber  trMtle   i 


Bxtendinc  from  stone 


p  □(  the  platform  and  an  Industrial  railway 
laid  on  this.  Cars  were  pulled  up  the  Incline  by  a  holetInK  engliw 
Etatloned  back  at  the  mixer.  See  Fig.  Si.  A  switch  WBB  placed  at 
the  bottom  of  the  Incline,  malcInK  It  posalble  to  work  two  cari. 
Those  cars  were  marked  to  give  the  proper  quantities  of  sand  and 
stone  tor  a  %  batch  proportioned  1  : 3  : 6.  Atlas  cement  was 
used  and  as  It  was  taken  from  the  storage  house  It  was  put  on 
the  cars  In  bags  enough  for  every  batch,  and  opened  and  emptied  at 
the  platform.  Bach  car  fumlahed  also  b11  the  materlali  required, 
and  In  this  way  an  output  was  obtained  of  3E  to  40  batches  per 
hour.  Starting  from  the  mixer  waa  the  other  Industrial  railway 
previously  mentioned.  The  elevation  of  track  at  the  mixer  was 
14  ft.  3  Ins.  above  M.  1.  W.  The  tracks  had  a  down  grade  of 
about  4  ft  to  a  length  of  160  ft. 


Pis.   24. 


This  brought  the  rails  at  the  proper  height  for  dumping  con- 
crete Into  piers  and  abutments,  and  at  the  same  time,  gave  the 
cars  enough  momentum  to  require  but  little  pushing. 

After  flnlshlng  the  piers  and  abutmenls  to  the  spring  line,  the 
track  was  removed  and  laid  to  the  arches.  Heavy  timber  was 
placed  across  the  arch  forms  on  which  were  laid  longitudinal  timber 
to  carry  tracks  At  the  crown  of  the  Urst  arch  the  track  was  ele- 
vated and  cars  were  pulled  up  this  grade  by  the  hoisting  engine, 
from  which  point  they  proceeded  by  their  own  momentum.  On  the 
crowns  of  the  flrat  and  center  arches,  swltchea  were  put  In,  and  by 
this  arrangement  three  cars  were  handled  bo  rapidly  that  at  no 
time  did  the  mixer  have  to  stop  on  account  of  there  not  being  cars 
available. 

The  plant  proved  sofllclent  to  do  the  work  In  remarkably  Aort 
time.  The  time  from  bsglnning  concreting  of  Arst  arch  until  the 
third   was  finished,   Includliig   the   erection   of   all    falsework   and 
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forma  for  the  Uat  two  archu.  wai  oOly  t»  dmra.  All  the  ooocnte 
mu  d'b<^^  'n  l"  dart^  worklag;  not  looBer  ttum  T  baura  k  day. 
If  tour  riba  Inatsad  of  dre  hod  been  made  In  each  arch,  the  r«Balt> 
would  have  bean  eren  better,  but  thti  would  have  mgant  taUnK  a 
great  risk,  on  account  of  doubtful  Weather  at  thla  Maaon  of  Um 
rear  and  also  In  case  of  any  breakdown  of  machlneiy. 

The  building  of  falsework  tor  the  spandral  wall  and  overtianstas 
Bidewalk  proved  dtfllcult  and  waa  by  far  the  moK  azpeaalve  of  all 
form  work. 

This  falsework  was  constructed  by  restlns  one  aide  on  posts 
placed  on  the  caps  of  the  falsework  of  the  archea,  while  the  otlwr 
side  waa  held  up  by  poata  placed  at  a  alight  angle  and  rammed  la 
the  mud  of  the  rtver  bottom.  These  poats  and  the  caps  on  tbetn 
were  8xlO-ln.  timbers.  On  theee  caps  S  i  ll-In.  floor  beama  were 
placed  3  fL  c  to  c,  being  covered  with  I-ln.  spruce  HooHnK.  cut 
Into  4-iii.  stripa  the  edgea  i>e[ng  tapered  to  make  tight  Joints,  Ttie 
whole  falsework  was  well  braced.  At  all  comers  ot  forma,  molding 
was  nailed  to  the  forms  to  round  olf  the  comers  of  the  concrete. 
Panel  effecta  In  the  concrete  were  also  made  by  nailing  batteoa  to 
the   forma      These    pieces  were    generally   planed. 

Eiach  arch  had  expansion  Joints  of  K  in.  at  both  ends  and  alao 
at  a  distance  of  24  ft-  I  Ina  from  both  ends.  Sach  oxpanalon 
joint  was  made  up  of  U-ln.  can-ugated  pE4>er  corerad  on  both  sldee 
with  S-ply  tar  paper. 

Baluattra, — The  balusters  for  the  railway  were  all  made  on  the 
Job,  there  being  350  required,  and  for  this  purpose  eight  forms 
were  made.  These  were  made  in  four  parts  each  and  were  hdd 
together  with  bolts  so  that  removing  the  form  was  eaally  dona. 

The  base  of  these  bahiaters  waa  gxS  Ins.,  the  hei^t  betog  t  ft. 
As  previously  stated,  eight  forma  were  made  tor  this  work.  The 
forms  were  made  on  the  Job.  The  Mitlre  labor  cost  ot  making  the 
balusters  waa: 

Carving  white  wood  blocks,  1  man,  11  du«.  at  |S..t  tt-OO 

Making  g  forms.  1  man,   12  days,  at  I1.7E tl.OO 

Uaking  and  flniahing  balusters,  1  man,  IE  days;  at 

(2.76     »«.IB 

Total     tl*t.t6 

A  man  made  10  tralusters  per  day.  The  coot  for  forms  waa  19.T 
eta  per  tHilustar.  and  tor  making  and  finishing,  each  IT.E  eta., 
giving  a  total  cost  for  labor  of  4T.2  cts. 

Sheet  Piles.— In  Jetting  down  the  sheet  pITea,  which  were  I  x  < 
ina  X  20  ft.  long  on  an  average.  100  piece*  were  put  In  place  per 
day,  or  1  piece  every  {  minutea  This  doee  not  Include  morlng 
machine  from  one  pier  to  another,  but  does  Include  move*  whila 
working  on  a  single  pier.     The  labor  coat  was: 

1   Foreman t  6.00 

1  EngLneman      S.EB 

2  Hoaemen.  at  33.60 T.OB 

2  Men  preparing  piles;  at  I2.S0 6.00 

7  Heipera,    at   |1.T6 II.M 

Total IH.TB 
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There  belns  S.OOO  lln.  ft.  of  dIHiib  gr  !,«$t  ft.  B.  H.  vivea  a  unit 
COM  of  1  </lCI  ctK.  per  lin.  ft.  aai  I12.2G  per  U.   fL  R  H.  for  tbe 

Pomw. — The  labor   coats  for  forma   for  Uie  qtandrel  wall   and 
OTerbaii«liix  Btdewalk  on  the  two  (Idea  of  an  arch  were : 

Poreman   carpenter,   at   %B t  iO>CIO 

Bulldtnr  falsework.' 
3  CariMntera,   at   tS.B''  ""  "" 

t  Ken,    r-    " 


Bulldliuc  forma: 
t  Carpenter!       '   * 


n&rs,  at  tl.GO 38.00 

s  tjarpentent  at    IS -r  «» 

>  Carpenters,  at  fl.TE 

<  Helper!,  at  |2 

Total    12! J.flO 

lliere  mM  about  IS.OOO  n.  B.  If.  of  lumber  uaed  In  theae  forms, 

tbua  glvluK  >   coat  of  framing;  and  erecting  per  1 

I1S.C0.     With  ISO  cu.  ydK  of  concrete  put  In  these  forma  the  cost 

per  cu.  yd.  was  tl.il  for  the  labor  on  the  forma: 

The  coat  of  erecting  the  forms  lor  the  arch,  excluHlve  nf  the 

pllinf,  was: 

Foreman   carpenter,   I  da^s,  at   IE I   SO.OO 

Falsework,    l,SDO    ft.    B.   It.,    erecting 

a    Men.  at    tl.SS t   T.OO 

t   Hen,  at   il.GO G.OO 

1  Hen,  eU    il.OO 4.0D 

I   Hen,  at    |1.7E 3.60 

Total,    1    Atfa,   at tlS.EO  TS.OO 

Hoor  beam*,  G,>*e  ft  K  M..  carpenter 

i  Ua^,   at  tl.e0 t  7.00 

«  Hen,    at  tS.tO 12.00 

a  Hon.    Bt  ia.TB g.2B 

1  Maji,   at  12.00 !.0O 


Total,   2   days,  at 133.76         OG.tO 

BrectlDg  crews.  2  days,  at  tlS.GO 11.00 

Forms,  bottom  and  sides,  11,000  ft.  B. 
is.,   carpenter    crew : 

Framing  farma.  2  daya,  at  132. 7E SS.iG 

Betting ^orms,  1  days,  at  (32.76. 


ig  pattern^  S  days,  at  IS.GO.         lO.GO 

Total    I38S.TG 

There  was  26,000  ft.  B.  H.  of  lumber  In  the  falsework  and  forma 

exclusive  of  the  pilea,  which  makes  a  coat  per  H  fL  B.  U.  of  tl6.4T 

for  this  labor.     As  there  was  S<G  cu.  yds.  In  an  arch  this  gave  a 

cost  of  fl-OI  per  cu.  yd.  for  this  labor. 

Coaereta.— In  mlxins  and  placing  the  concrete  for   the  arches, 

one  Tib  was  done  In  a  day  ao  that  It  would  be  monolithic     There 
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1  Sub-roreman    

1  EbiKlnenuui   

1  Uan  runnlnx  iDtier. . 

1  Concreta    puic«r 

4  Concrate  placera.  at  ] 


1  Man  at  stock  pile >.00 

i:  Hen  ■bovellDK.  at  tl.TG 18.50 

Total    |7».66 

The  actual  time  of  placing  a  rloK  was  trom  t  to  T  hra.,  thus 
Slvlns  a  coat  of  mixing  and  placing  of  8G  ct&  per  cu.  yd.  Wlwn 
tlie  concrete  vork  was  done.  Bome  of  the  crew  was  knocked  off. 
and  tba  rest  wen  kept  buay  In  chanKtng  tracks  and  other  detalla 
As  atated.  «  larger  ring  could  have  bem  placed  In  a  dajr,  Irat  tbe 


;S.— Caating  Concrete  Ajrtth  Slnga, 


Coat  of  a  Concrats  Ribbed  Ajxh  Bridge  at  Qrand  Raptds,  Mlch.*- 

The  brIdKe  consisted  of  seven  parabolic  arch  ribs  of  T&  ft  clea 
span  and  14  ft.  rise.  The  five  ribs  under  the  !l-ft  roadway  wer 
H  Ins.  thick,  50  tna.  deep  at  idtawbacks  and  26  Ins.  deep  at  cromi 
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the  two  ribi  under  th«  atdewalka  wer«  11  Ina.  thick  and  of  tbe  suim 
depth  &■  the  main  riba  Bach  rib  carried  columnB  Which  sup- 
ported the  deck  alab.  ColumnB  and  rlba  ware  bound  toKether 
across  bridge  by  struts  and  weba  All  structural  parts  of  tbe 
bridge  were  ot  concrete  reinforced  by  corrugated  bara  The  abut- 
mtaiU  were  hollow  boxes  with  reinforced  concrete  shells  tied  In  by 
buttreaaea  and  fllled  with  earth.  There  were  In  tbe  brldse  Includ- 
ing abutments  881  cu.  yda  of  concrete  and  81,000  lbs.  of  reinforcing 
metal  or  about  TO  iba  of  reinforcing  metal  per  cu.  yd.  of  concrete. 
Of  ths  884  cu.  yda  of  concrete  E94  cu.  yds.  were  contained  Id  the 
abutments  and  wing  Walls  and  ISO  cu.  yd*.  In  the  remainder  of  the 


Center*. — The  center, for  the  arch  consisted  of  4-plle  bents  qwced 
about  13  ft.  apart  In  the  line  ot  the  bridge.  The  pUes  were 
II X  11  In.  X  14  ft.  yellow  pine  and  they  ware  braced  together  In 
both  directions  by  1 1 10-ln.  planks.  Each  bent  carried  a  S  x  11-ln. 
plank  cup.  Haple  folding  wedges  were  set  on  these  cups  over  each 
pile  and  on  them  rested  12  x  IZ-ln.  transverse  timbers  one  directly 
over  each  bent.  These  IS  x  12-In.  transverse  tLmbers  carried  the 
back  pieces  cut  to  the  curve  of  the  arch.  The  back  pieces  were 
t  X  11-ln.  plank,  two  under  each  sidewalk  rib  and  four  under  each 
main  rib  of  the  arch.  The  back  plecea  under  each  rib  were 
X-braced  together.  The  lagging  wan  made  continuous  under  the 
ribs  but  only  occEulOnal  strips  were  carried  across  the  spaces  be- 
tween rib*.  This  reduced  the  amount  of  lagging  required  but  made 
working  on  tbe  center  more  difficult  and  resulted  In  loss  of  tools 
from  dropping  through  tbe  openings.  Work  on  the  centers  and 
forms  was  tiresome  owing  both  to  the  dllSculty  ot  moving  around 
on  the  lagging  and  to  the  cramped  positions  in  which  the  men 
labored.     Carpenters  were  hard  to  keep  tor  these  reasona 

Concrete. — A  1  ;  T  bank  gravel  concrete  was  used  for  the  abut- 
moits  and  a  1 :  G  bank  gravel  concrete  for  the  other  parts  of  the 
bridge.  The  concrete  was  mixed  In  a  cubical  mixer  operated  by 
electric  motor  and  located  at  one  end  of  the  bridge.  The  mixed 
concrete  waa  taken  to  the  forms  In  wheelbarrowa  The  mixture 
was  of  mushy  consistency.  No  mortar  facing  was  used  but  the 
exposed  surfaces  were  given  a  great  wortc  In  treeclng  wpather 
tbe  giuvel  and  water  were  heated  to  a  temperature  of  about  100* 
P. ;  when  work  was  stopped  at  night  It  was  covered  with  tarred 
felt  and  was  usually  found  steaming  the  next  morning. 

The  cost  data  given  here  are  baaed  on  figures  furnished  to  us 
by  Qeo.  J.  Davis,  Jr.,  who  designed  the  bridge  and  kept  the  cost 
record*.  Mr.  Davis  states  that  the  unit  costs  are  higli,  because 
of  the  adverse  conditions  under  which  the  work  was  performed. 
The  work  was  done  by  day  labor  by  the  dty,  the  men  were  all 
new  to  this  class  of  work,  the  weather  was  cold  and  there  was  high 
water  to  Interfere,  and  work  was  begun  before  plans  for  the  bridge 
had  been  completed  so  that  the  superintendent  could  no',  intelli- 
gently plan  the  work  ahead.  Cost  keeping  was  begun  only  after 
the  work  was  well  tmder  way.  Hftny  of  the  Items  of  cost  were 
incomplete  in  detalL 
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The  fallowliiK  vera   the  wases  p«ld  (wd  tb«  prloM  of  tbe  nm^ 
torialB  uied : 

Kattrialt  and  SvpfUtt — 

No.   1  hemlock  matched  p«T  l.OOt  ft IM.OO 

No.   1  hemlock  plank  per  l.OtS  ft. IT.M 

No.  2  Noma;  ptne  OooTtng  per  1,00»  ft I>.H 

No.  1  yellow  pine  flooring  per  1,000  ft. :S.Oa 

11  X  13  In.  X  IS  ft  yellow  pine  per  1,000  ft IS.OO 

lixIZ  In.  T  U  ft.  yellow  pine  plIlnK  per  1,000  ft..   17.00 

Maple  wedKBi  per  pair SO 

U-ln.  oornigated  bara  per  100  Iba. I.tIG 

fi-ln.  corrugated  ba.ra  per  100  Iba. t.ilE 

%-\a:  corrugated  bars  per  100  Iba. t.GlS 

Coal    per    ton    4.00 

KlactHc  power  per  kilowatt 01 

HeduSB   cement  per  bbl I.TB 

.^tna  cement  per  bbl 1.06 

Bank  gravel  per  eu.  yd RE 

Sand  per  cu.  yd. M 

Carpenters,  per  day IS  to    >.60 

Common   labor,   per   day l.Tf 

The  nimmarlied  coat  of  the  whole  work,  wtth  ench  addltlmiol 
coats  MM  the  flgurea  glveo  permit  of  computation,  wa>  aa  foUowa: 

General  Service* —                                    TatBl.  Cu.Td. 

Engineering HEt  tO.SIl 

MlBcellaneaUB     IE  0.084 

Pumpttig — 

Coal  at  14  per  ton tllO 

Uachlnery,   toola  and  cart«ge ttt 

Labor    4IT 

Total,   110   daya,  at   f) M>0 

Sic</avatlon —  T<rt«l  Ooit. 

Timber,  cartage,  etc. t   ITS 

Toola   *l 

I^bor  at  tl.TE l.ttT 

Total    I»,l»l 

Faifna   (SJll   CU.   yd*.}—  Total     Per  en.  yd. 

Earth    II.14J  lO.M 

Labor,  Including  rlpraplng tOt  O.OT 

Total f  1,G18  toll 

RemOv^^lg   Old  Wi»g   Watt* —  TotaL 

I^bor  and   dynamite tUt 

Toole   and   aharponlng 14 

Total 1410 

Band  Rati  (ItO  ft.) —  TotaL     Per  tin  ft. 

Material    |JTg  (l.«S 

Labor IS  0.10 

Total IJ07  I1.04 
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Wood  aUnrk  Pavement  (tM  as.  iw^.J —       Total.  P«r  iq.  yd. 

Wood  block,  etc te96  tS.3G 

Labor     67  Oil 

TotaJ     1762  |2.6* 

Steel   mfiOt   l^•.;—                                       Toua  Per.lb. 

CorruEBted  bara,  freight,  etc *1,4S8  I.dc 

Plain  rtool,  wire,  etc TB  O.lJc 

Blackamlthlns,    tools   and   placlns 438  0.71c 

Total     t2,0U  2.240 


Omtarlap —                                                     Total  Concrete. 

Liumber  and  polM   %itt  tl-l* 

labor - 27S  0.>t 

Total    MC4  12.09 

Total  Per  cu.  yd. 

Forma - I  8.212  I  >.711 

Concrete     I  5-^'*  i  ^-^^ 

Grand    total    118.113  I20.EO 

In  more  detail  the  coat  of  the  various  Items  of  concrete  work 
WBB  aa  follows  tor  the  whole  atructure.  Including  abutments,  wins 
walla  and  arch.  conlalnlnB  284  CU.  ydK: 

Form   CoKMtTtustUm —                                    Total.  Per  cu.  ^d. 

Lumber  and   cartage I1.S1T  (1.T5 

Nails  and   bolts 123  O.IG 

Tools     no  0.18 

Labor,    eractlng   and    ranoTlng I,62«  1.72 

Total    'itja  1T74 

Concrela  CoHsfntcHoH — Jfolertela — 

UeduBB  cement,   at   tl.OS tl.218  tl.37 

..Ktna  cement   at   tl.7G 4SS  O.GC 

Band,   at    S«    eta.    p«r  cu.    yd. ST  0.04 

Oravel,  at  SS  eta  per  cu.  yd. tlB  1.04 

Total   materials    |2,S19  12.01 


Ifachlnery  and  supplies t  EO  fO.RS 

Power,  el  8  cts,  per  hw E2  0.08 

Tools     22  0.02 

Uibor    78T  0.K3 

Total    mlzlns 11,380  tl'62 

Placing   concrete. . . .  - I  809  t0.<9 

Tamping    concrete t  481  |0.S4 


J 
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BeaUng  Coynreta — 

Apparatus  and  cartaga f  47  |S.05 

Fuel    >t  ».ll 

UibOT    tit  O.Sl 

Total   bsaUog   I    413  I0.<7 

Orand    total %»,8U  *»•»> 

ConslderinK  the  abutment  and  wIdk  wall  work.  compiislnE  S^f 
cu.  yda.,  separately,  the  cost  wai  as  fallows ; 

Formt —  Fercn-fd. 

HaterlalB    ll.M 

LAboi 1.0» 

Total    m» 

Concreto — 

Uaterlals     %t.lt 

Labor     I.S8 

Tot*l IB.ie 

HeatlDK   water   and   vravel $0.70 

Grand   total 18.28 

Conclderlne  the  arch   span,  comprising  190  cu.  yda..  sqiarately, 
the  coat  was  as  follows : 

Forms —  Per  ca.  yd. 

Materials    I  170 

Labor    a.OS 

Total    f  i.?* 

Concrete — - 
HatoHals    I  t.Sl 


Total    I  8.79 

"        -    ■       ■  *lI.Bi 


Grand   total. . 


Cost  of  Centsrlng  of  a  233-ft.  Arch. —  Id  EngineeHits-CtMtraetinff, 
Jan.  0.  1909.  are  given  design  and  data  relating  to  the  Walnut 
Lane  Bridge,  Philadelphia,  as  tDmlshed  by  Mr.  George  H.  Heller. 
Only  a.  brief  summary  of  the  article  Is  given  hare. 

Dimenttoite  of  ArcH. — The  main  arch  of  the  Walnut  Lane  bridge 
consists  of  two  arch  ribs,  each  IS  ft.  wide  at  the  crown  and  21  ft 
■  ina  wide  at  the  skewbock :  these  rlba  are  spaced  it  fL  c.  to  c, 
and  are  E  ft.  4  Ins.  deep  at  the  crown  and  9  ft.  6  Ina  deep  at  the 
skewback :  the  span  Is  233  fL  In  the  clear,  and  the  height  Of  the 
sofflt  at  the  crown  above  the  aprlnglng  line  la  70  (t.  3  Ina 

The  two  main  ribs  carry  spandrel  piers  and  a,  series  of  qiandrel 
arches  upon  which  the  spandrel  walls  are  built  up  to  the  height 
to  receive  the  floor,  which  conslBts  of  sted  beams  with  concrete 
Brches  between,  and  It  Is  upon  this  floor  that  the  roadway  and 
sidewalk  paving  la  laid,  the  roadway  being  40  ft  wide  and  the 
two  sidewalks  each  S  ft.  wide.  The  height  of  the  sofllt  of  the  arch 
above  the  surface  of  the  creek  la  about  I3<  ft.  while  Uie  roadway 
of  the  bridge  la  about  14  ft.  higher,  making  about  150  ft. 

It  la  neceraary.  while  contfderlng  the  nature  of  the  design 
(Fig.   28),  to  remark  the  fact  of  the  arch  Itself  being  composed 
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ot  two  Independent  and  eeparate  ribs.  Thii  feature  allowed  the 
coaBtructlon  of  each  rlt>  by  Itself  and  bo  preneated  an  opportunity 
of  leduclng  the  cost  of  the  centering  by  permitting  one  arch  rib 
to  be  constructed  first  on  centering  necessary  for  one  rib.  and  then, 
When  tbe  arch  Is  completed,  to  move  the  same  centering  trans- 
versely so  as  to  serve  for  the  coDBtructlon  of  the  adjacent  arch 
rib.  This  feature  of  construction  was  embodied  In  the  design,  and 
It  was  found  not  only  to  be  feasible  but  also  simple  and  easy  of 
action,  even  though  the  mass  of  timbering  was  so  great  and  cov- 
ered BO  large  an  area  It  was  also  thought  proper  to  use  Me«l  In 
the  construction  of  the  bottom  of  the  centering,  for,  as  a  material, 
It  afforded  better  facilities  for  making  Joints  capable  of  with- 
standing possible  vibration  in  moving,  and  It  formed  a  firm  founda- 
tion, all  parts  of  which  acted  together  as  a  unit  and  allowed  the 
whole  mass  to  be  moved  true  to  line  and  without  distortion  or 
accident  to  Its  new  poattlon. 


Fig.  S6. — Centering  for  Walnut  Lane  Bridge. 

Beginning  with  the  base  of  the  centering,  the  steel  trestle  sup- 
ports were  spaced  2(  fL  and  30  It.  apart  and  were  CEurled  on  con- 
crete piers  founded  upon  and  doweled  Into  the  solid  rock-  These 
pters  were  carried  up  to  a  unltonn  height  above  all  danger  of 
(reshet  and  they  formed  the  basic  foundation  upon  which  the 
whole  mass  of  steel  and  timber  was  designed  to  move.  Bach  steel 
trestle  was  securely  anchored  Into  its  pier  by  1^-in.  steel  rods,  and 
these  rods  served  to  guard  against  freshets  and  wind  and  were  re- 
leased when  the  centering  was  moved. 

The  movement  of  the  centering  was  accomplished  by  placing 
on  each  pier  a  series  of  ten  steel  rollers;  each  fi  Ins.  In  diameter, 
rolling  on  steel  plates  built  Into  the  tops  of  the  piers;  each  roller 
was  capable  of  bearing  In  safety  10  tons,  making  101)  tons,  which 
was  the  total  maximum  weight  at  the  center  pier  to  be  moved. 
The  steel  bents  rested  upon  these  rollers,  and  upon  completion  of 
the  erection  of  one  rib  of  the  arch  tbey  were  all  moved  In  unison 
by  placing  Jacks  between  the  bottom  end  of  each  steel  t>ent  and  a 
studded  anchor  chain  which  formed  a  cradle  or  saddle  against  which 
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the  Jack  workad,  the  eade  of  the  chain  belnr  attached  to  ttmbei* 
prevloualy  buUt  IdIo  the  plera  for  that  purpose :  this  method  of 
tranalatloD  proved  to  be  quite  affective,  ajii  the  whole  dletance  of 
S4  ft.  wae  covered  In  the  ^lOce  of  three  daya. 

The  total  welsbt  moved  can  be  talrly  stated  to  be  aboul  l.OAO 
tone.  This  amount  Is  found  by  taking  the  total  weight  of  Ixdtl^ 
Bteel  trestle  and  timber  trestle,  and  allowing  In  the  case  of  timber 
G  lbs.  per  ft.  B.  U.,  the  timber  belDK  probablr  verr  heavy  from 
the  absorption  of  water  from  the  structure.  This  great  weight, 
covering  a  length  of  say.  230  ft,  and  a  width  of  60  ft.  was  moved 
by   Jacks  having  a  sum  total  capacity  of  S4G  tons  acting  at   15 


Pig.  27. — Arch  Centcra. 

The  Quantities  of  material  ueed  in  the  construction  of  the  center* 

Bolts,    washers,   nails 13,000  lbs. 

6teel   trestle   and    Its   floor a 3 2,0 00  lbs. 

Lagging    and    Joists 8S.000  ft.  B.  U. 

Upper  trestle  and  bracing 110.000  tt.  B.  IL 

lAwer  staging  and  bracing 130.000  ft.  B.  H. 

Concrete   piers 1,000  cu.  yda. 

Timber     340.000  ft  B.  U.  at  IflS.OO  tll.lOO 

Melal     26B.O0O  lbs.  .04  10.000 

Masonry    1,000  cu.  yda.  10.00  10.000 

Tolal    $42,700 

This  centering  served  for  two  ribs,  each  containing  1,6S0  cu.  yda, 

or  a  tocal  of  3,100  cu.  yds.    Hence  tbe  centering  cost  flS.SO  per  cu. 

yd.  of  concrete  riba. 

The  contract  price  for  the  Walnut  Lone  bridge  was  3202,000. 
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D««lgn  of  Cantar  f*r  a  W^n.  •pan  MMonry  Arch,*— With  ths 
pnaent  hlsh  prices  of  lumber,  tho  dealvnlnK  oi  timber  cantera  fgr 
arckea  becomea  a,  problem  that  require*  careful  itudr  to  aa.*e 
materia]  and  labor.  In  the  Bccompau^liiK  drawing  we  ahow  a 
canter  dedgned  for  a  50-ft.  maaonry  arch  raHway  bridge  to  b«  built 
In  cential  Ohia  Owing  to  the  excesalTe  coat  of  pine  In  thla  aectlon, 
oak  will  be  ueed.  Thla  timber  coata  here  about  IIS  per  U  ft.  a  H. 
The  center,  S*  ft.  lone,  cranpiialnK  two  arch  riba,  poata.  cup*, 
wedxea  and  lacKlnK.  caUa  for  1«.1««  f t.  B.  IL  of  timber  divided  aa 
foUowa;  B.  i£ 

Iz    41na.x4   ft.    lanliiK ME4  ft. 

140     :xl!tnB.x8  ft  slTlnB.  atralsht  riba 2,132  It. 

iO     1x12  Ins.  z  G  ft.  «H  Ina.  stmlsht  rlba 222  It 

iO     axl2lDa.zZ  Ft  S14  tna.  atmlKbt  riba 112  ft 

20     3  X  12  IniL  X  7    ft  curved  riba 420  ft 

60     txlSlna.   i  S  f t   curved  rlba 1,440  It 

40     azl2lna.xT  It   bncen '    g40  ft 

40     Ixlt  lns.xT  ft   S   Ina.   bracea SOO  ft 

10     2  X  12  Ina  I  28   ft    tiottom  chord 1,920  ft 

40     S  1 12  Ins.  X  24  ft  bottom  chord £20  ft 

40      3xl2  1nLXlli^   ft  flllera  bottom  chord l.SSO  ft 

20     3  xl2In*.  X  T  ft  flllers  bottom  chord 420  ft 

20     Si12  1n8.i21   ft  piece  A 1.200  ft 

40     2xl2  1na.x3U  ft  bottom  chord  end  con...      ISO  ft 

20  lOx  I2lna.x«  It    poMa 1,800  ft. 

2     <x121na.i2S    ft    wall   plate* 458  ft 

2      gxl2lna.xlg  It  capa SOS  ft 

Total    18,414  ft 

<(0  V  X    9  In.   bolta  for  riba. 

120  %  X    0  In.  bolta  for  bottom  chord. 

120  %  X  1)  In.  botta  for  end  con.  bottom  chord. 

leO  K  z  16  In.  bolta  for  piece  A. 
Figure  2T  ahowe  the  framing  very  clearly.  With  carpentera  re- 
ceivlns  (4  per  day  It  la  eatlmated  that  the  framing  and  erecting 
will  coat  about  (12  per  M  ft  B.  M.,  Including  Iron.  The  cost  ol 
bolta  and  nuta  will  run  about  tl.EO  per  M  ft  B,  U.  Roughly,  then, 
thla  center  will  coat  about  tSO  per  H  ft  B.  H.  In  place.  The  center 
was  dealgned  by  llr.  J.  H.  Mllbum,  Chief  Draftsman,  Ofllce  o(  the 
Chief  Engineer.  Baltimore  A  Ohio,  R.  R.,  Baltimore,  Md. 

Data  on  a  Concrete  Viaduct. — A  reinforced  concrete  viaduct  2.SO0 
ft  long  haa  been  recently  built  by  John  T.  Wilson,  of  New  York, 
for  the  Richmond  A  Chesapeake  Bay  Ry.  Co.,  at  Richmond,  Va. 
It  ranges  In  height  from  18  ft  at  each  end  to  TO  ft  at  the  center. 
The  reinforced  concrete  girders  range  In  length  from  23^  ft.  to 
tT%  ft  c  to  c  of  bents.  The  bents  are  two-post  bents,  with  legs 
!  ft  aquare.  The  largeat  girder,  having  a  length  of  STH  ft, 
welgha  54  ton*.  Its  cross-section  being  20  x  TO  Ina.  In  thla  viaduct 
there  wore  2.eG0  cu.  yda.  of  concrete,  and  It  required  172  f t  B.  H. 
of  timber  for  the  forma  and  falsework  per  cubic  yard  of  concrete. 
Kahn  bars  were  used  lor  reinforcing.  The  forma  on  the  sldea 
of  tbe  girdera  were  ranoved  at  the  end  of  T  daya,  but  the  column 
forma  and  those  supporting  the  girder*  were  not  removed  for  at 
laast  30  daya  While  It  la  a  single  track  viaduct  it  ia  so  designed 
that  by  adding  another  series  of  posts  and  gtrdera,  It  can  be  mads 

•£nirtoeer<H9-CMilracl<<>9,  Nov.  14,  1906. 
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Into  ■  double  U*ck  vladnot.  Oim  lluto  trick  In  lUIiiis  tbe  ""i""!?" 
forms  U  wortb  b««rinK  In  mind.  Tbey  were  built  U-ahaped,  >b* 
tourtli  dda  belus  left  opan,  and  built  up  aa  taat  aa  tba  coocrew 
waa  poured  In  from  ttutt  aide.  Thta  method  facUilated  worUnc  tba 
concrete  In  around  tike  relntorclus  bara.  Mr.  J.  H.  ICcLure  U  Chler 
EnslDeer  of  the  S.  ft  C.  B.  Ry. 

Coat  of  a  Concrete  Trvetle  and  Three  Concrete  Qlrder  Brldfea 
Mlth  Abutment*.* — The  reinforced  concrete  trestle  and  the  three 
bridsea  with  concrete  abutinenta  that  are  referred  to  In  thiB  article 
were  constructed  near  Baaton.  Pa.,  by  Mr.  If.  P.  HcOraCh.  smeral 
contractor,  of  that  place.  The  contractor  or  hia  enBtneer.  Hr.  J.  F. 
Uooney,  aupervleed  the  work  so  that  while  one  mas  waa  emptoyed 
D  and  received  (£.76  per  day,  he  worked  like 


Fig.  Z8. — Detail!  of  Girder  Rati  Faatenlnca 

the  other  laborere;  senerally  he  waa  charged  to  placing  or  Bnleh- 
Ing.  The  coata  given  are  actual  coats  except  for  the  form  lumber, 
which  had  been  used  before  and  the  coat  ot  which  waa  approxi- 
mated.   The  coats  are  given  separately  for  each  structure. 

CooJ  TreKtle. — The  trestle  waa  designed  as  a  coal  trestle  and 
waa  constructed  aa  shown  by  Flga.  2g  and  29,  except  that  tbe 
bents  Instead  of  being  made  solid,  were  built  with  a  4  x  S-ft.  open- 
ing in  each  to  permit  the  coal  to  flow  more  readily.  There  were 
8  bents  and  two  abutmenta  and  the  trestle  was  114  ft.  long.  It 
waa  designed  to  carry  the  rails  directly  on  the  girders  without 
croBs-tles;  so  that  the  girder  reinforcement  was  made  quite  heavy, 
as  Is  clearly  shown  by  the  drawlnga  It  will  also  be  aeen  that  the 
rails  had  tbeir  bases  partly  embedded  In  the  girders  and  were 
fastened  by  chelra     The  chairs  were  of  cMt  Iron  and  were  held  by 

'Bit^nttriug-ConlraetHiff,  Feb.  6,   ISO!. 
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bolu  eztandlns  down  Into  the  slrder  and  aacured  under  ttM  towa 
rslnforcdoieiit  bar.  The  chain  wtm  QiaoAd  Z  ft  apart,  ttiose  of 
one  rail  beins  atassersd  with  thaaa  of  tho  other  ralL  rhla  coo- 
■tnictloa  gave  axcellant  rsaulta  tu  operation  and  mved  same  S  loa. 
In  height  over  the  ordluarr  croaa-tle  cODftroctlon.  The  remalnlBS 
■truduraJ  detaila  and  dlmanalona  ol  the  Ireatle  are  t^eartr  itunra 
by  Flga  SS  and  2S. 

The  wasea  paid  on  thia  trestle  and  alio  on  the  l>rtd(te  o 
Uon  deocrlbsd  later,  were  aa  followa: 

Laborer^  per  lO-hour  day tl.t> 

BUckamltha;  per  10-bour  day Z-Ot 


Carpenter,   per  19-hour  dar-  ■ 


The  1o<sitIon  of  the  trestle  being  alinoat  fluah  agabut  a  raltwar 
embankment  and  It  being  neceaaary  to  locate  the  stock  pUea  aonM 
IGO  ft.  tram  the  mixer,  made  the  coat  of  wheellOK  tlie  materials 
high.  The  mixer  woa  set  up  at  the  center  point  of  the  trestle  and 
dlacharged  into  ban^wa  which  were  holated  by  a  pole  and  yard 
arm.  The  pole  waa  provided  with  a  yard  and  hod  a  three-quartsra 
awing.  A  rope  paaalng  over  a  pulley  at  the  end  of  the  yattl  arm 
was  provided  at  one  end  with  a  three-line  Bllng  provided  with  a 
hook  to  attach  to  the  wheel  and  two  rlnga  to  Blip  over  the  handleMi 
ThIa  rope  holated  the  barrowi  to  the  top  of  the  trestle  by  meana 
of  a  horae  hitched  to  the  free  mid.  The  concrete  used  for  the 
reinforced  girders  was  a  1-2-4  mixture,  the  other  parta  of  the 
trestle  were  made  of  1-S-S  concrete  In  which  ' 
stones  ranging  from  the  else  of  a  man's  head  to  the  tfxe  of  a  h 
barrel ;  these  rubble  stonea  were  thrown  Into  the  forms  In  1 1j 
layers.  The  total  amount  of  concrete  In  this  trestle  was  IIS 
yds.  and  Its  cost  was  as  followa : 

If  ateWala —  Per  CO.  yd. 

1,DG9  bbla.  cement  at  (Ml tMK 

0.S31  tons  sand,  at  TO  eta 0.<41 

1.11  tons  Btona,  at  tLlE I.IBI 

ISlH-IbK  steel,  at  2  eta I.etB 

Lumber    (fiis.flS    charged  up) o.>7i 

Total  materials t*,1U 

Labor  a»4t  BvppUet — 

UaklnB  and  erecting  forms |I.tl 

"  ndifii-     "*"■ 


Handling    sand 0.180 

Handling  stone 0.1« 

Ulilng    concrete : 0.134 

Placing  concrete 0.100 

Finishing'    concrete O.lOt 

Ulwellaneous ^. 0.14« 


Total  IMtor tM>S 

Total  labor  and  materials ti.lSS 

In  the  Item  miscellaneous  were  Included  blaeksmlth^s  *W0Tk  oa 
reinforcement,    handling   cement,    coal,    oil,   etc      As  will   Va   noted 
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the  con  o(  reinforcement  [b  distributed  over  the  whole  ■ 
116  cu.  yda.  ot  concrete;  to  be  etrlctly  accurate,  the  total  1E,£G0 
Ibi.  of  reinforcing  metal  ahonld  be  divided  Into  the  volume  of  con- 
crete In  the  girder*  which,  figured  from  the  drawtnga,  waa  approil- 
malelr  3*  cu.  yds.  Thla  glvee  the  great  weight  of  fl3G  lb&  o(  rein- 
forcement per  cubic  yard  of  concrete  In  the  girders. 

Bridge  No.  t. — Thla  structure  had  a  clear  span  of  1014  ft-  and 
couHlited  of  two  concrete  girders,  one  under  each  rail,  with  ends 
embedded  into  concrete  abutroants  with  wing  walla  The  glrdere 
were  8  ft.  deep,  2  ft.  wide  on  top  and  1^  ft.  wlda  on  the  bottom 
and  each  was  made  of  ]:S:4  concrete  reinforced  by  flve  l^-ln. 
round  ban,  three  stral^t  and  two  bent,  with  stlTrupa  every 
1 H  f t.  The  abutments  were  made  of  1 :  » :  ■  concrete.  Conditions 
were  favorable  construction.  As  In  the  trestle  rubble  atones  were 
Incorporated  In  the  abutment  concrete;  some  cinders  were  alao  osed 
ana  their  cost  is  Included  In  the  coat  of  handling  the  stone.  The 
bridge  contained  altogether  102  cu.  rda  of  concrete.  The  costa 
were  as  followa; 

Vaterfols—  Per  cu.  yd. 

Cement    fl.Ztl 

Stone   l.ass 

Sand 0.441 

Reinforcement 0.09S 

Lumber     a.38S 

Total   materials IS.87T 

Labor  and  BuppUea — 

Forme    tO<4TB 

Handling    etone 0.17( 

Handling   sand O.OTT 

Mixing   concrete 0.100 

Placing  ooncrete    0.17t 

Flntshrng  concrete 0.094 

HIscellaneoua    0.224 

Total  labor    tl'22E 

Total  materials  and  labor tB.2at 

The  item  miscellaneous  Includes  hauling  cement  and  water,  work 
on  reinforcement  and  coat.  As  In  the  trestle,  the  unit  cost  of  rein- 
forcement Is  got  by  dividing  the  total  cost  Into  the  total  yardage 
of  concrete  value  as  only  the  girders  were  reinforced. 

Bridge  No.  //.—This  bridge  had  a  clear  span  of  16  ft.  and  was 
13  (t.  tUgh,  and  like  the  bridge  Juat  described  e  '  ~  ~ 
Crete  birders  with  ends  embedded  into  concrete  a 
girders  ware  22  ins,  deep,  2  ft.  wide  on  top  and  1  ft  wide  on  the 
bottom.  Each  girder  was  reinforced  with  Ave  l^-in.  round  rods, 
three  straight  and  two  bent,  without  stlrnipa  The  ties  were 
fastened  to  the  girders  by  embedded  anchor  bolta  The  coaia  of  ma- 
terials changed  somewhat  from  those  given  for  the  trestle  and 
bridge  No.  1.  The  cement  coat  tl-G4  per  barrel,  and  the  stone 
(crushed  on  the  ground)  coat  73  eta  per  ton.  Rubble  stones  Were 
incorporated  In  the  abutment  concrete  as  In  the  work  prerloualy  de- 
•cribed :   this  atone  bad  all  to  b«  collected  by  men  and  teams  and 
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thla  fact  li  r«nected  In  the  high  unit  coat  o(  hanAIng  Mod*.  Tha 
mixer  wb*  located  so  tliat  Ite  dlacbarse  chuta  ovarhunR  snd  dl>- 
cbarged  directly  Into  the  tonne  for  one  abutmenL  To  reach  the 
farther  abutment  an  ordinary  cool  chate  was  provided  and  the 
concrete  chuted  dirsctly  Into  pl&CS.  nie  brldsa  contained  SS  en.  yda. 
of  ooncrete.  which  coat  a*  foUowa : 

Malerlalt—  Per  cu.  y± 

Cement,    at   11.54 tlSSS 

Stone    0.814 

Sajid      0.451 


Lumber 

Total   materlala    tMBG 

Labor  and  BtppU't — ' 
Forma    lO.SIfl 

Handling    atone O.lSt 

Handling    sand 0.180 

MliInK    concrete 0.071 

Placing    concrete 0.157 

Flnlihrne   concrete O.OSt 

Coal   and   water 0.041 

Handling  cement 0.078 

Total    labor I1.S77 

Total  mateHala  and  labor M-Tlt 

It  will  be  noted  that  the  coat  of  handling  the  stone  for  thia 
bridge  ran  high  becauaa  of  the  teaming  referred  to  above.  Retn- 
forcement  Is  charged  Into  the  total  yardage  aa  In  the  atructur«a 
previously  described. 

Bridgt  No.  III. — This  bridge  was  built  for  the  paaaage  of  fann 
wagons  of  5  tone  capacity.  It  bad  a  clear  apan  of  IT  ft.  and  was 
IE  ft.  wide  and  IT  ft.  clear  height.  The  floor  consiated  ot  four 
12  X  S-ln.  girders  carrying  a  8-ln.  Boor  slab.  The  concrete  waa  a 
I:  3:  4  mixture  throughout  and  waa  mixed  by  hand.  The  concrete 
waa  made  with  a  broken  tile  aggregote  obtained  from  a  nearby  tile 
worka  at  the  cost  of  handling  only.  This  tile  waa  very  eaally 
broken  and  left  a  rather  poor  finish  to  the  concrete.  There  were 
107  cu.  yda  of  concrete  In  the  bridge  and  It  cost  aa  followa: 
If  aterlato—  Per  cu.  yd. 

Cement    (1.B94 

Sand     0.469 

Reinforcement     O.IST 

Lumber    0.I8O 

Total    materlala t!.4M 

I^ftor  and  BvppUea — 

Porma    10.41 

Handling    tile 0.«»> 

Handling    Band 0.11  J 

Handling   cement O.IOE 

Mixing    concrete 0.411 

Placing    concrete 0.341 

Total    labor 11.077 

Total  materials  and  labor t4.GtT 
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In  notlDK  these  co*U  the  very  Tieavy  coat  of  handltng  the  briAen 
tile  aggrrei^ate  will  be  obacrved;  on  the  other  hand  this  aggresate 
coBt  nothing  lt»ir.  The  lumber  charge  t*  only  that  for  o«w  lum- 
ber, the  old  lumber  that  was  re-uaed  was  not  charged  In.  The  con 
of  sand  was  S4  eta.  per  ton. 

Coat  of  a  Reinforced  Concrete  Treatle.— Mr.  C.  C.  Ultchell  glyea 
the  folIowlDK  data : 

The  trestle  replaced  an  old  wooden  trestle  £86  fL  long  on  a  cable 
Incline  railway  up  Catshill  Mountain,  Ifew  Tork.  The  main  struc- 
tural features  of  the  trestle  and  the  slope  of  the  ground  on  which 
It  was  built  are  Indicated  by  Fig.  30.  The  work  waa  done  by 
contract  after  the  cable  Incline  had  closed  down  oa  Oct  17.  I9DS, 
lor  the  season.  Parla  of  the  old  timber  structure  were  ttiua  avail- 
able for  supporting  forms  and  for  such  other  purpooea  aa  the  con- 
tractor required  this  kind  of  timber. 


Fig.  30. — Concrete  Trestle. 

'ffliUe  waiting  for  the  materials  to  arrive  and  the  road  to  close 
down,  excavation  was  begun  on  tlie  footings,  stone  for  the  concrete 
was  broken,  a  pipe  line  1,000  ft.  long  was  laid  to  a  waterfall,  a 
cement  houae  and  a  ahanty  In  which  to  fabricate  the  steel  were 
builL 

In  excavating  for  the  footings  It  developed  that  there  were  alter- 
nate strata  of  alale  rock  and  earth,  with  bouldem  In  about  half  of 
them,  so  that  to  get  a  good  foundation  on  bedrock  It  was  necessary 
to  go  from  4  to  10  ft.  below  the  ground,  the  surface  of  wblch  was 
BO  steep  that  It  was  very  dtfllcult  to  work  on  IL  Slides  and  caving 
caused  a  much  larger  quantlly  of  material  to  be  handled  than  that 
represented  by  the  holes  excavated. 

The  excavations  were  walled  up  In  pyramidal  form  on  a  batter 
of  i  Ins,  to  the  foot  outward  to  within  I  ft.  of  the  ground  aurface, 
there  narrowing  to  a  section  30x30  Ins..  on  top  of  which  a  wooden 
box  to  Ins.  square  and  t*  Ins.  high  was  set  up.  Bvery  bent  had 
two  such  forms  for  the  batter  post  tooting^  and  every  alternate 
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bent  had  In  addttlon  a  thlnl  [or  tb«  dla«oiuJ  braclnf  struts  to  nwtt 
on.  Tben  footinsa  w«r«  concreted  with  a  mixture  of  1-3-6,  tba 
stone  being  broken  by  band  to  IH-ln.  b1i«  and  the  wooden  t^ 
(orroa  belnx  shifted  ahead  aa  the  work  prosraBBed,  tbe  •tmie- 
breaking,  mtitlnK  board,  ettx.  being  likewise  shifted  ahead.  Half 
of  tbfl  lumber  was  stored  at  the  lower  end  of  the  trestle  and  half 
at  the  middle;  half  of  the  sand  at  (he  middle  and  half  at  the  upper 
end ;  half  of  the  steel  at  the  lower  end  and  half  at  upper  end.  ajHl 
atl  cement  at  the  middle. 

nve  mixing  boards  were  eeCablished  alonf*  the  trestle,  and  Btinic 
was  broken  successlvelr  at  each  as  It  was  needed  for  the  coocrele. 
The  water  pipe,  which  ran  alongside,  was  shortened  as  the  worit 
proBremed.  The  sind  and  grav^  were  separated  br  Kreenlnx  and 
sent  to  the  mixing  boards  through  temporary  chuten.  the  super' 
structure  concrete  being  1  part  conent,  Z  parts  sand,  3  parts  K-ln. 
gravel  and  2  parts  K-ln.  stone. 

Work  was  begun  with  a  force  of  10  men  working  9  boura,  of 
whom  ]  woe  a  foreman  drawing  )4  a  day,  l  carpenter  at  t2.BI).  I 
steel  bender  at  t^'ZE,  and  T  laborers  at  tl.lh  each.  When  the  road 
closed  down  the  force  was  doubled.  8  more  laborers  being  added  at 
tl.TS  and  2  carpenters  at  K  and  IS.IB,  respectlTel]',  these  latter 
working  (or  a  bonus. 

Concreting  the  footings  began  on  Oct.  18  and  dismantling  the  old 
trestle  at  the  same  time,  with  same  tnen  fabricating  sted,  some 
building  form^  some  breaking  stone  and  some  excavating  the  upper 
footings. 

The  pulleys  were  flrlt  removed  from  under  the  cable,  and  the 
latter  supported  by  2x4-la.  plank  spiked  to  the  old  trestle  baits,  m 
which  were  also  preserved  the  line  and  grada  The  guard  rails  and 
track  rails  were  next  removed,  then  the  cross  tlee  and  tour  Inner 
stringers  were  unbolted  and  lowered  by  ropes  to  the  ground  and 
piled  BO  as  to  form  mixing  boards.  The  remaining  outside  stiingerv 
were  then  shifted  out  to  the  ends  of  the  \mat  capo,  leaving  a  dear 
space  In  the  center  S  ft.  e  Ina  by  26  ina  deep.  In  some  places  the 
tops  of  these  stringers  were  2  Ins.  above  grade  and  In  other  placea 
2  Ina  below,  otherwise  they  represented  approximately  the  levd 
for  the  new  work  and  allowed  a  clearance  of  3  Ina  for  the  outside 
girder  form  of  the  new  work.  Next  2it-ln.  q>ruce  floor  timbers 
for  the  girder  forma  were  hung  at  3-tL  Intervals  on  a  gi«de  1714 
Ins.  below  by  Zx4-ln.  battens  spiked  to. the  outMde  of  tbe  old 
Btrlngara  The  old  bent  caps  were  then  gained  out  for  each  new 
girder  to  the  grade  of  the  naor  timber,  and  a  1>4xI2-Iil  by  IC-ft. 
bottom  board  for  each  of  the  three  new  girder  forms  nailed  In 
place.  These  girder  forms  were  then  built  up  to  a  depth  of  II  Ina 
of  l!tx>-in.  spruce  matched  boards,  1Ux4-In.  pieces  being  used  for 
battens  every  ii  Ins.  These  aides  were  braced  Internally  at  S-fL 
intervals  by  tablets  token  from  the  footing  forms  and  placed  like 
crosa-partltlons  between  the  girder  forms.  The  outer  aides  were 
braced  by  wedging  against  the  2x4-ln.  hangers  and  old  supporting 
stringers,  the  tops  of  the  latter  being  held  from  gaping  outward  by 
l)4x4'ln.  Btrlps  nailed  across  the  top  over  the  floor  tlmbera      Tbe 
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threft  floor  tlmb«rs  at  the  center  of  eact 
■upporCad   from  below  by  atra 
from  the  dlmiajitled  Kructure. 

The  forma  for  the  batter  poets  and  bracInK  etmtB  were  nutde  up 
In  trough  form.  leaTlns  the  outer  and  upper  a[de  open,  thee  aet  In 
place  on  the  foundation,  and  the  topi  n.wed  to  tit  the  bottom  of  the 
girder  forms.  The  weba  were  then  built  between  their  tops,  uniting 
the  whole  with  the  glnjera.  The  post  and  atrut  forms  were  then 
properlr  braced  anil  supported,  the  relnforcInK  steel  put  In  place, 
a  section  of  the  fourth  side  put  In  place  and  the  whole  securely 
clamped  together  by  %x2C-ln.  bolts  paselng  tangent  to  two  sides  and 
drawlDK  txl-ln.  yokes  against  the  remaining  two  sldea 

The  reinforcement  having  been  placed  In  the  girders,  the  concrete 
was  then  poured  In  and  carefully  ranuned  and  spaded,  and  the 
third  side  built  up  and  clamped  directly  ahead  of  the  concreting 
so  OS  to  permit  the  most  careful  placing  of  the  latter  without  chance 
of  displacing  the  reinforcement  These  posts  were  concreted  to- 
gether up  to  the  level  of  the  glrdera  for  two  bents  usually.  Owing 
to  ttie  S0°  surface,  the  tops  of  the  girders  had  to  be  boarded  over 
continuously  as  the  concreting  progressed  to  keep  it  from  running 
out,  and  a  section  of  l-1n.  pipe  had  to  be  left  in  place  every  i  ft. 
in  the  outer  girders  through  which  to  bolt  the  track  to  the  new 
structure.  When  concreting  stopped  for  the  day  bulkheada  in  the 
form  of  saddles  were  placed  in  the  web  at  a  bent,  these  bulkheads 
being  removed  the  next  day,  allowing  the  concrete  of  each  girder 
on  the  succeeding  day  to  begin  half  way  In  the  web  of  the  preceding 
bent 

Eiael)  batter  post  was  reinforced  by  a  rack  composed  of  V-ln. 
rods  wir«d  to  dowels  In  the  footing  or  let  into  holes  drilled  In  bed' 
rock,  extending  up  ttarongh  the  girder  above  It  nearly  to  the  top 
surface  and  bound  ti«eth6r  every  IS  ins  by  a  rectangular  hoop  of 
K-ln.  corrugated  bar,  previously  bent  to  the  right  form  and  se- 
curely wired  together.  These  racks  were  made  up  aa  needed,  and 
when  set  in  place,  inside  the  forms  had  about  I  In.  of  clearance 
around  them  and  hod  to  l>e  constantly  watched  by  the  man  ram- 
mlog  the  concrete  to  keep  them  centered.  Eacti  strut  brace  had  a 
14-ln.  rod  within  1  In.  of  each  of  Its  two  lower  comers,  wired  to 
the  footing  dowels  and  passing  up  through  the  central  girder  nearly 
to  the  surface,  and  requlrlog  great  care  la  placing  the  concrete  to 
maintain  them  in  place. 

Rach  girder  had  two  'K-ln.  bars  suspended  from  the  cross-hatters 
on  top  of  the  forms  by  wire,  so  that  they  lay  Hk  Ina  below  the 
upper  surface  continuously,  and  two  Intermediate  B-ft.  bars  over 
each  web  for  continuity.  At  e-ln.  intervale  eleven  stirrups  were 
hung  on  them  at  the  bent  webs  and  two  more  were  hung  near  the 
center  of  span,  so  that  they  lay  In  V-shape  normal  to  the  axis  of 
each  girder  and  1  In.  distant  from  Its  bottom  and  sides.  Four  %-ln. 
bottom  bars  were  then  hung  or  laid  in  these  stirrups,  the  length 
being  St  ft ;  two  were  made  to  break  joints  at  each  bent.  When 
these  bars  were  all  hi  place  and  securely  wired,  two  S-ln.  bars  were 
•pmng  into  the  cross-strnts  at  the  center  of  span  and  tour  more  In 
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aach  of  tba  weba  and  wlivd  In  pULM.    Wtatf«ipOD  the  clrdara  win* 
ready  tor  ooDcretlns. 

The  conBcMloD  of  cMel  at  the  webl  made  II  dllDcult  to  iilace  Um 
coDcrMe  and  properly  nun  It  at  and  near  the  web^  and  pArttcolarly 
to  place  and  rMUove  bulkbeoda  and  cUan  out  tbe  lomu  bafora  solus 
ab«ad  witli  the  concrctlDK  It  waj  alao  bard  to  place  tbe  cancrMe 
In  tbe  top  of  tbe  braclOK  Btruta.  Tbe  beet  renilta  In  placing  tba 
concrete  were  attained  wltb  a  very  wet  mix.  poured  bo  tbat  tba 
water  would  flow  up  the  forma  ahead  and  be  followed  by  a  sront, 
wblch  ran  all  around  and  between  tbe  Tetnlorcement,  leavlnc  tba 
itone  and  gravel  to  be  nunroed  down  into  It  at  last. 

The  mixing  waa  done  by  band  tbe  gang  beloK  dIvKI«d  «» 
that  one  batch  waa  t>elng  aeparated  while  tbe  other  was  belnc 
depoilted.  Tbe  iand  and  Bra.Tel  were  sent  to  tbe  board  by  a  Cbnte. 
tbe  atone  broken  at  tbe  edge  of  tbe  board  aa  uaed,  and  the  cement 
carried  to  the  board,  each  man  taking  a  bax  aa  ha  came  to  woik 
and  after  lunch.  Inclined  runwaya  of  plank  were  riilftod  from  baot 
to  bent  for  the  poata  and  othera  built  from  the  mixing  beard  to 
tbe  top  of  structure  and  planks  laid  along  the  atdea  of  the  girder 
forma  In  auch  manner  tbot  the  employea  could  return  to  tba  board 
without  Interfering  wltb  the  loaded  palla  Owing  to  tbe  ateepnea* 
of  the  ground  and  of  the  grade  on  the  flnlBhed  work,  there  waa 
unuaual  danger  of  accidents  and  need  of  constant  vlgllanoe  to  pre- 
vent bad  reaulta  from  careleaa  work,  and  thla  Is  the  reatfon  "Wtcf 
only  BO  many  men  were  employed  and  In  such  a  manner. 

Becauae  of  the  unexpected  dcvth  of  thirteen  of  the  fooUnm  a. 
Ti-ln.  steel  bar  encased  In  6  Ina  of  concrete  waa  placed  aa  a  tie 
between  tbe  batter  poat  feet  wherever  the  latter  did  not  readi 
directly  to  bedrock.  This  and  17  cu.  yda  of  extra  concrete  not 
Indicated  on  the  plana  and  a  correq>ondlng  quantity  of  excavatictt 
not  originally  called  for  delayed  the  ccsnpletlon  of  tbe  Work,  whldi 
woa  to  have  been  flnlahed  on  I>ec.  1,  so  that  It  took  until  Ded  It 
to  complete  It.  The  weather  waa  unuaually  favoiable,  being  dry 
and  warm  until  Nov.  i,  from  which  time  on  there  ware  light  squallB 
of  mow.  succeeded  by  mild  weather  till  Dec.  1,  when  It  became  ao 
cold  that  the  agsitsatea  had  to  be  heated.  An  old  aectton  of  ated 
amokeatock,  4  ft  In  diameter  and  11  ft.  long,  was  filled  with  fire 
and  sand  and  gravel  piled  over  It,  the  water  being  heated  In  palls 

The  14  H.  ft.  of  form  lumber  sufllced  to  oomplete  about  half  tbe 
forms,  and  thereafter  the  torms  Brat  concreted,  having  been  flUed 
ten  days,  were  stripped  and  the  lumber  used  aa  the  tonn  work 
progressed.  When  the  clamps  were  ronoved  the  post  forma  cant* 
off  In  four  plecea  In  good  shape  to  be  act  up  again  at  onca^  bat 
the  girder  and  web  forms  had  to  be  taken  apart  and  rebuilt 

The  top  boarda  and  tie  strips  were  first  pried  oS  the  top  of  the 
girders,  the  hangers  and  floor  timber  next  removed,  than  tba  old 
atrlngera  pried  oft  and  lowered  with  ropei^  all  the  girder  batttta 
then  knocked  off,  and  tbe  form  boarda  taken  oB  Mpsnttcilr  -frao 
both  the  outside  and  tnalde  of  girdera,  welM  and  atnita.  The  bot- 
tom boardB  to  the  girders  and  diagonal  strut  braces  ware  Wt  ki 
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plae«  two  w««kB  longer,  with  props  under  thorn,  and  then  the  old 
bant  cap*  were  aawed  In  two  and  tho  bent  timber  unbolted  and 
diamamberad,  raleaalnK  the  bottom  boarda,  which  were  then  re- 
moved. leavlnK  the  ooncrete  completely  stripped. 

There  was  very  little  polntlnK  necessary,  except  on  the  posts, 
which  was  done  from  a  ladder,  after  which  the  exterior  surfaces 
were  ffiven  a  wash  of  cement,  alum  and  lye,  mbbed  In  with  a 
cement  brick  to  waterproof  the  structure  and  remove  board  marka. 
The  cable  was  blocked  up  on  the  concrete  webs,  the  ties  and  guard 
rails  bolted  on,  the  pulleys  rehung  and  track  laid  back  In  place  by 
the  Otis  Railway  Company,  re^rfaclng  track  not  comlns  under  the 
contracL 

The  amount  of  work  done  under  this  contract  was  as  follows : 
Sxcavatlon  called  for  ST  cu.  yda  earth,  and  extra  excavation  on- 
called  for  6S  cu.  yda  bouldem.  making  a  total  of  IGO  cu.  yds. ;  dis- 
mantling and  piling  34  it  fU  yellow  pine  structure:  37  cu.  yda 
concreting  (1-3-S)  In  extra  footings;  12G  cu.  yds.  concreting  called^ 
for  (l-Z-4).  reinforced;  13  tie  rods  for  batter  post  feet;  cleaning 
up  and  removal  of  debris :  total  cost,  14.333.14;  contract  price, 
(4.000  :  extras,  fSTT.TG ;  total,  ft.flTT.TG ;  prollj  on  contract.  tI4S.Sl. 
Dally  records  were  kept,  showing  kind  of 'Weather,  temperature, 
amount  of  each  kind  of  work  done,  wltl>  proportion  of  pay  roll 
spent  In  doing  It  and  the  unit  cost  noted  down  for  the  Immedl&te 
purpose  of  more  economically  planning  the  next  day's  work.  A 
distribution  statement  showed  the  coat  of  both  labor  and  material, 
charged  up  agalDHt  each  Item  of  work  performed  during  the  week 
and  the  unit  costs  computed  for  each.  A  comparison  was  made 
between  weekly  nverage  and  dally  rates^  and  the  conditions  pre- 
vailing on  those  duya  showing  the  most  economic  rates  were  then 
planned  for  the  succeeding  week's  work. 

Separate  records  were  kept  for  the  Items  applying  to  the  general 
contract,  the  costs  on  extra  woric  being  kept  apart.  Finally  all 
the  costs  were  referred  to  the  quantity  of  work  done  under  them 
in  the  form  of  unit  prices  per  cubic  yard  and  the  percentage  which 
each  represented  to  the  whole. 

The  Itemised  cost  of  the'  work  la  given  In  Tables  XXII.  XXIII 
and  XXIV. 

Tasli  XXII. — Cost  <»■  RnKroacBD  Concrbte. 
Vaterlals—  Per  eu.  yd. 

Cement    fS.Sl 

Sand     1.73 

atone    300 

Gravel    0.33 

Water    O.SE 

Total  materials   t<-Tt 

Mixing  and    placing    11.94 

=.._.. —  — ,^p  n  .T 


Pointing    _,    

Waterproofing  concrete 

Total   lal>or    

Orand  total  concrete  . 


!3.91 


HANDBOOK   OF  COST  DATA. 

Lumber,   butts  ajiA  naJIa   (1.76 

Fkbrlcatliic  and   erectiaa;   3.5S 

Total   fomu   tS.aS 


0.74 

Total   rMnforcemant    I4.BS 

Orand  total  for  concrat«  woric   12E  cu. 

yd*.     %ttM 

MiaoellaiMoii* — 
Sxcavatlon,  ST  cu.  yds. lO.EC 


DlsnuitllnK   old   trevtle    

Cleanlns  up  at   completion 0.40 

Oeneral   expenseB.   mperlntendence,   etc 4.4S 


Tabli  XXUt. — Cost  or  Gznu  Fwrtmam. 

Stxcavatlon.  (3  yda  rock,  at  11.89 |  4.91 

AcSTOKateH:  Cement.  (1.84;  nnd.  tO.ST  ;  stone,  tl.Ol  >.9t 

Fonns,  material    l.I* 

Porra*.    labor    1.44 

ConerctinK,  UiKir  S.07 


Bicavatton    t  t.Ol 

*• — -*'-»  and  placing  eteel   rods 7.80 


ndliur  ai 


Form   material    8.10 

SetntoTcement    (steel  ba.rs),    %   In G.10 

Concreting  labor   E.OO 

Acffregatea;  Csment.   I2.T0 ;   rand.   tl.IG  ;  stone.  IS..  7.00 

1^   yds.    concrete    847.G0 

Th«K  tie  rods  were  of  concrete.  6x0  Ins.,  reinforced  by  %-tiL 
steel  rod*.  Tbe  tie  rods  connected  the  feet  of  tlie  batter  posts,  as 
shown  In  Fig.  30. 

Standard  Design*  of  Reinforced  Concrete  Culverts,  C.,  B.  A  Q. 
Rs II way.*— Standard  culvert  designs  for  use  on  the  Chicago,  Bur- 
lington ft  Quincy  Ry.  have  been  worked  out  In  reinforced  concrete 
for  box  culverts  ranging  from  4x4  ft  to  10x11  tt.  In  st*e  and  for 
arcti  culverts  from  4x4  ft  to  txS  ft  In  sisa.  Up  to  and  ladudlns 
In  box  culverts  clear  openings  7  ft  wide  tho  pattern  of  atractiira 
shown  by  Fig.  31  is  used ;  for  clear  openings  of  g  ft,  and  over,  Uw 

•Biigiiteerlng-Contractlitff,  Oct  3,    190<. 


Ptlns. 

Cu.ydi 
walfa. 

Cu.y<U. 

IjS?fL 
BaiTOL 

Thlck- 
Ins. 

Thick- 

■Hi 

Thick 

i-^s 

M 

0.76 

IS 

IS 

IS 

.  so—  i  Te.o 

pattern  !■  modUled  aa  shown 
pattern  of  arch  structure  usecL 
culvert  deelBna  are  datermlned  1 


ly  Pig.  Si.  Flgui 
The  dimensions  L 
the  tormulas. 


and  I  In  the  box 


Fig.   SI. 


TABLS  XXVT. 

LenKth         Cu.  yds.  Lba.  of       Cu.  ydo.  Lb*,  of 

otwuuc         concrete  metal      cone.  i»ar  metal  per 

__    _,     walla         InwlnK    wing            lln.  ft.  Iln.  ft. 

In  ft              PL  Ina        walU.       waHa.         barraL  baireL 

4x4 E —  I                C              tit                 0.5  64 

6  X  E •—II              10              401.7              0.71  7«,7 

axe s—  c         11         ifif         1.00  iot.4 

In  which  r  =  the  width  ot  roadbed  at  crown  and  k  =  the  helsht  of 

the  All  above  the  culvert.    In  the  arch  culvert  patton  the  dlmMUdon 
L  Is  determined  by  (he  formula, 
10 


-l»  +  *  +  4tt. 
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Pig.   32. 

All  ottier  dlmanalonB  are  determined  by  the  croas-secUonal  ite 
ot  the  waterway.  They  are,  for  the  various  iliea  adopted  and  with 
the  exception  of  the  reinforcement,  shown  In  Table  XXV. 

Structural  details  of  the  1x(-tt  culvert  of  pattern  Fig.  SI  are 
shown  In  Fig.  il,  and  Pig.  35  shows  the  similar  details  for  am 
lOxlZ-ft.  culvert  of  pattern  Fig.  2.  The  same  general  details  are 
employed  for  the  culverts  of  tntennediate  and  smaller  dlmoitf oua 


Fig.   3!. 


Turning  now  to  the  arch  culvert  pattern.  Fig.  S6  shows  the  struc- 
tural details  ot  the  SxE-fL  alza.  The  main  features  o(  the  other 
slies  ot  this  pattern  are  shown  by  Table  XXVI. 

For  culvert  work  the  company  uses  a  l-3-«  concrete  composed 
of  1.08  barrel  ot  cement,  0.46  cu.  yd.  sand  and  0.9  cu.  yd.  bTokeo 
stone,  or  1.2E  barrels  ot  cement  and  1  cu.  yd.  ot  gravaL 


Fig.   34. 


End  Dcvoition. 
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CMt  Of  ConcrM*  Culvarts,  Refarancas. — In  J[n|rf>ieerlni7-0ottfracl- 
Ing,  SepL  1.  1908.  are  Elvea  Btandard  deaiKtiB  of  box  and  arch 
culverts  on  the  C,  M.  ft  Bt.  P.,  toseCher  with  quantltlea  and  coata 
See  Tyrrell's  "Concrete  Bridges  and  Culverts." 

Cost  of  Reinforced  Cancreta  Culvert. — The  following  data  relative 
to  the  construction  of  a  *-(t.  reinforced  concrete  boi.  culvert  In 
Mluourt.  The  work  was  done  under  the  aupervIaloQ  of  P.  8.  Quinn, 
County  E^nglneer.  The  culvert  contained  ZS  cu.  irda  of  cement  and 
Z.SOO  lbs.  of  steel  bara     The  concrete  was  a  1-4-8  mlxtura     Com- 

H- -wi'- ->i 

\i 


Port  Longitudinal  SecKon. 
Fiff.  35. 


Sectional 
End  £t«votfon. 


yarr     5<de    Elavettlon.  Bactional  tnd  BavoKon, 

Fig.  38.— Arch  Culvert 

man  labor  was  paid  IE  cts.  per  hour  and  carpenter*   SB  cti.  per 

hour.    The  cost  was  as  follows :  per  q^_  y^ 

Vaterial.'  ^  .TotaL  Concrete. 


Sand,  IE  cu.  yda.  at  f 
Cniahed  limestone.  28  ci 

:"tr. 

*'1 

.yds., 

t  11.76... 

...1114.35 

t«. 
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Carpooter,  fortn^  IT    brs f  S.4S 

Hsl[)eT,  tormg,  St  bra G.IO 

Steel  placlnB,  20  hn I.OO 

Coucrets,  mix  and  place,  101  hrs 15.1B 


The  eost  □(  plaelDK  the  ateel  waa  tO<001S  per  lb. 

Coat  of  an  Arch  Culvert.-^The  coat  of  a  concrete  ai«h  culvert, 
Zt-tt  van,  H-ti.  barrel  (exclualve  of  eicav&tlon),  with  wins  wall* 
and  parapet,  built  near  Plttsburx  In  1101.  vma  aa  followa,  ttw  con- 
crete belDK  1  to  S  and  1  to  ID,  band  mixed: 

O.Se  bbl.  cement,  at  fl.eB S1.G35 

1.03  tons  coarse  gravel,  at  lO.H 0.1S6 

0.40  ton  fine  gravel,  at  10.21 O.0S5 

O.SS  ton  sand,  at  tO.38 O.llS 

Toola.  etc.  0.07« 

Lumber  for  forma  and  centera O.4t0 

Canwnter  work  on  forma  {23  ct».  hr.) P.tSB 

Canienter  work  an  platforms  and  tMilldlnga O.OGO 

Preparing  site  and  cleaning  up O.ZIS 

CbanglDK  trestle  0  OSS 

HandJlniT  materials 0.017 

MlzlnK  and  laying,  av.  IG^  eta.  per  hr J.Ai» 

Total  per  en.  yd t4-G40 

Wages  per  hour  were:  General  foreman,  40  cts. ;  foreautn.  li 
cts.:  cari>entarB,  22M  to  25  cts. ;  laborers,  IG  ct*.  The  anlahed 
structure  contained  1.491  cu.  yds.,  tolal  cost  being  tT.34S.  tncludlng 
t4G3  for  excavation.    Tbe  work  was  done  for  a  railway  by  oompany 

Cost  of  Six  Arch  Culverts  and  Six  Brldgs  Abutments,  N.  C.  A 
St,  U.  Railway.— Mr.  H.  U.  Jones  Is  authority  lor  tbe  following 
data:  An  18-ft.  full-centered  arch  culvert  was  built  by  contract 
on  the  N.  C.  &  St.  K  Ry..  near  Paris,  Tenn.  The  culvert  was  built 
under  a  trestle  6G  ft.  high,  before  llliinB  in  the  trestle.  The  railway 
company  built  a  pile  foundation  to  support  a  concrete  foundation 
i  fL  thick,  and  a.  concrete  paving  JO  Ins.  thick.  The  contractDr* 
then  built  the  culvert,  which  has  a,  Itanel  140  ft.  long.  No  eiiiaii- 
slon  Joints  were  provided,  which  waa  B  mistake,  for  cntdu  have 
developed  about  EO  ft.  apart  Tbe  contractors  were  givsn  a  laisa 
quantity  of  quarry  spalla.  wblch  they  crushed  in  part  br  band, 
much  of  It  being  too  large  for  the  concrete.  The  stone  was  diipped 
In  drop-bottom  cars  and  dumped  Into  blna  built  on  the  ground  under 
the  trestle.  The  sand  was  ablpi;>ed  in  ordinary  coal  cara,  and 
dumped  or  shoveled  Into  bins.  Tbe  mixing  boards  were  placed  on 
the  surface  of  tbe  ground,  and  wheelbarrow  runway*  were   built 
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op  a«  Uie  work  progreBBed.    The  cmt  ol  the  1.900  i 
Crete  In  the  culverts  waa  as  followa  per  cu.  yd. : 

1.01  bbli.  Portland  conent 

0.E6  cu.  yd.  of  saDd,  at  SO  eta 

Loading  and  breaking  atone 

Lumber,  centera,  cement  house  and  bardwarfl . . 

HaullnK  materlala 

Mixing  and  placing  concretB 

Carpenter  work 

Foreman  (100  days  at  12.50) 

' 1  (100  daya  at  |6.t0> 


tB.SB 
It  will  be  seen  that  only  19  cu.  yda.  of  concrete  were  placed  per 
day  with  a  gang  that  appears  to  have  Dumbered  about  21  laborera; 
who  were  negroea  receiving  about  tl.lO  per  day.  ThlB  wua  tba 
Drat  work  of  Ita  kind  that  the  contractors  bad  done.  It  will  be 
noticed  that  the  coat  of  *3  eta  per  cu.  yd.  for  auperlntendence  and 
foremanahip  was  unneceasarlly  high. 

The  work  In  Tablea  XXVII   and   XXVIII  w 
done  by  negro  labor  under  company  foremen. 


TABLE  XXVII. — Cost  or  8ix  Conchzti  Cultxbts  ok  ths  N.  CL  A 
St.  L.  Kr. 

No.  of  culvert 1  2  3  1  G  e 

Span  of  culvert E  fU      1.S8  ft  10.  ft.  12  fL  12  ft.  16  ft. 

Cu.  yda  of  concrete. . .      110  19S  SG4  292  40S  98B 

Ratio    of     cement     to 

Btonc   1  :G.E  1  :e.G  1  :E.8  1  :E.8  I  :«.l  1  ;6.B 

Increase      of      concrete 

over  stone   16.0%  S.»%  S.3%  IS.3%  8.3%  B.8% 

Bbls.  cement  per  cu.yd.      1.02  0.90  1,06  1.01  1.00  1.0» 

Cu.yda  sand  percu.yd.      0.43  0.49  0.44  0.4B  0.46  0.47 

Cu.yda  stone  per  cu.yd.      0.8B  0.»a  0.9B  0.89  0.14  0.94 

Total  daya  labor  (IncL 

foremen  and  supt)..     702  (07  764  72«  7«B  1.994 

Av.     wages     per     day 
(Inol.     foremen     and 

supt.)      tl.*l  |1.3t  tl.GI  tl.l9  tl.47  (1.46 

Cost  per  cu.  yd. : 

Cement   Z.IS  1.94  2.2T  1.82  Z.Il  2.01 

Sand 0.17  0.20  O.IS  0.18  0.19  0.14 

Stone     0.S2  0.E2  0.4T  0.E4  0.4T  O.BS 

Lumber    0.88  0.43  0.48  0.43  0.31  O.GT 

Unload,  materials. . .      0.13  O.IT  D.IB  0.18  0.16    .        ... 

Building   forma 1.07  0.33  0.62  0.4T  O.Tt  0.41 

ICIxtng  and  placlDg.      1.G9  1.74  1.69  1.3E  1.23  1.26 

Total  per  CU.  yd..   I6.6S      tE.30      tG.89       14.91       (5.19        14.97 

Note: — AH  these  archea  were  built  under  existing  trestles,  and 
In  all  cases,  except  No.  Z,  bins  were  built  on  the  ground  under  the 
trestle  and  the  materials  were  dumped  from  cars  Into  the  bins. 
loaded  and  delivered  from  the  bins  in  wheelbarrows  to  the  mixing 
boards,  and  from  the  mixing  boards  carried  In  wheelbarrows  to 
place.     Negro  laborers  were  uaed   In  all  cases,   except  No.  G.  and 
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wars  paid  10  ctK  a  iaj  aod  tbalr  board,  wblch  coat  an  addlthnal 
to  cU. ;  th«r  workMl  ander  white  torttaen  who  recetvad  t2.EB  to  ft 
a  dar  and  board.  In  culvert  No.  S,  wtalta  laborar^  at  <1.>6  wlttMHit 
board,  wem  used.  Thar«  «er«  two  carpentara  at  tZ  a  da^  and  one 
foiaman  at  |2.Gfl  od  ttila  cang,  maklnK  the  average  waxe  f  1.17  eacli 
for  all  encased.  The  men  were  all  green  hands.  In  caaaBqueiice  of 
which  the  labor  on  the  fonna  In  partlcniar  waa  exceaatTdr  blsh. 
The  high  rate  of  dallr  wagea  on  culverta  Noa  1  and  I  waa  doe 
to  the  use  of  aDma  carpenters  along  with  the  laborera  In  mixing  <wd- 
creta  The  high  cost  of  mixing  concrete  on  culvert  No.  i  waa  due 
to  the  rehandllng  of  the  materials  which  w«re  not  dumped  Into 
bina  but  onto  the  concrete  floor  of  the  culvert  and  then  wheeled 
out  and  stacked  to  one  side.  Vho  coat  of  excavating  and  beck- 
lllllng  at  the  die  of  each  culvert  la  not  Included  In  the  tabl^  bat 
It  ranged  frran  TO  eta  to  tS  per  cu.  yd.  of  concrete. 

TABLB  XXV IIL — Co*!  ov  CoNCRSta  Asotiikki,  livTAnnND  Wauu 

Ann    PODHOATIOMa. 

No.   of  structure T  8  9  10  11  It 

Itatio 

Increase 


of    cemaat    to 


1  :».S  1  :G.» 
concrete 

over  stone e.i%  ID.0%  12.8% 

Bbia  cement  per  cu-yd.  1.09  O.SE  0.90 

Cy.ydB,  Hand  per  cu.yd.  0.4T  0.4B  0.44 

Cu.yda  Htooe  per  cu.yd.  0.94  D.Sl  O.90 
Total  days  labor  (Incl. 


I  :«.<      1  :B.7 
4.0%    10.S% 


At. 


m)   . 


GT3 


its 


G3» 


Coat  percu 
Cement  . 


11.88      tl.4t     tLtO       11.06 


.01      tt.DT      11.10 


t-umber   

Building  forms 0. 

Mixing  and  placing. 


.19         0 

IS        0. 

.E£         ( 

IS        0. 

99         0. 

.as      ( 

40        I. 

.94         i 

38         1. 

W.ES 


Totals    tE.S8      16.91       t(.«9 

Note : — Structure  No.  7  consists  of  two  abutments  tt 
span  bridge  made  of  I-beama  Bins  to  t 
built  on  the  railway  embankment.  At  the  head  of  the  bin  a  part 
of  the  bank  was  dug  away  under  the  track,  and  long  stringers  pat 
In  to  carry  the  track.  The  rock  was  dumped  from  the  car  Into  this 
opening  and  shoveled  Into  the  bin.  Tlie  forms  for  the  concrete 
were,  of  course,  simpler  than  tor  the  an^iM  in  Table  XXVII ;  btatet 
the  labor  on  them  cost  leaa 
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Structure  No.  8  conMsU  of  concrete  «l<le  walls  to  support  a  cedar 
cover,  forming  a  culvert  Slag  waa  used  Inateod  of  cnubed  atone 
In  tbla  atructure  as  well  as  In  Nos.  3  and  11. 

Btructure  No.  9  Is  a  retalnInK  walL  There  was  much  handllnK 
of  materials  due  to  lack  at  room  for  storage  near  the  work.  Old 
material  waa  used  tor  the  form*. 

Structures  Noa.  10  and  13  are  foundHtlons  for  track  scalei.  It  Is 
not  clear  why  the  labor  cost  of  this  work  waa  so  very  high. 

Cost  of  Relnforcsd  Concrets  Railroad  Culvert  In  Montana.— In 
En0lneariH0-Contr(ictlnir,  July  I,  1908,  Mr.  HenrjF  A.  Touns  gave  the 
following:  The  followinfc  cost  data  were  obtajned  from  the  Huntley 
Project  of  the  U.  B.  Reclamation  Service,  located  at  Huntley,  MonL, 
and  Bhow  In  detail  the  construction  costs  for  a  culvert  carrying  the 
canal  under  the  Burllnffton  &  MIsaourl  River  R.  H.  The  culvert  waa 
Icnown  HB  the  "let  Culvert  under  the  R  A:  M.  R.  Ry.."  and  was  of  a 
type  Biftiilar  to  the  deslgnB  of  W.  W.  Colpltts.  Agslatant  Chief  Engi- 
neer. KanSBB  City,  Mexico  ft  Orient  Ry,,  having  two  barrels,  each 
barrel  being  6  ft.  8^  Ina  x  T  ft  S  Ins.  and  24  ft  long.  The  roof  was 
flat  the  wallB  provided  with  fillets  at  top  and  bottom,  and  the 
entrance  and  outlet  consisted  of  warped  walls  10  ft  long  opening 
Into  a  canal  section  20  tt  Wide  at  bottom  and  having  side 
slopes  of  IH  on  1.  The  entire  structure  waa  of  concrete,  heavily 
reinforced  with  Johnson  high  carbon  corrugated  bars,  1  In.  and  % 
In.  in  diameter. 

The  work  wai  not  done  cheaply,  and  the  figures  are  given  to  diow 
the  outBlde  cost  for  this  class  of  structure,  built  under  the  most 
unfavorsble  conditions.  This  was  the  first  structure  built  on  the 
project,  the  entire  gang,  mechanics  and  laborers,  was  green,  and 
the  work  was  done  in  November  and  Decnnber,  lOOS.  the  weather 
being  very  cold.  An  S-hour  day  was  worked.  After  the  experience 
on  this  culvert  the  same  gong  did  work  for  about  two-thirds  of  the 
costs  recorded  here.  The  forms  for  the  warped  walla  in  this  cose 
gave  considerable  trouble. 

A  Municipal  Engineering  and  Contracting  Company's  I'S  ea.  yd. 
cubical  mixer  was  set  about  GO  ft.  In  front  of  the  culvert-  A  gajiO' 
line  pump  took  water  from  ft  creek  60  ft.  away  and  delivered  It  to 
a.  tank  near  the  mixer.  The  delivery  pipe  froie  often  and  delayed 
the  work.  The  mtier  was  fed  by  and  the  concrete  was  carried  by 
wheelbarrowa 

The  concrete  was  put  in  wet  and  spaded.  A  1-in.  course  of  1-S 
mortar  was  placed  on  floor,  copings,  etc.,  and  troweled.  Chamfer 
strips  were  used  on  oil  sharp  angles  and  flilets  In  culvert. 

The  earth  was  a  sandy  clay  and  was  removed  with  slips,  though 
conalderable  hand  work  waa  done  In  shaping  op. 

Sand  and  gravel  were  obtained  tram  a  pit  about  14  mnes  from 
tbe  culvert    The  wheel  at  pit  was  about  40  tt,  the  material  being 
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•creeD«d  Into  a  bin.  The  haul  was  down  hllL  Cost  delivered  i> 
recorded  In  table. 

Cement,  Meel  and  other  malerlala  were  hauled  (rotn  a  statlsa 
about  1  mile  trom  culvert 

The  cosU  recorded  do  not  Include  backUll,  which  was  peld  tat 
under  puddling,  the  trlmmtng  and  Snlahlnc  of  expoaad  omcrKle 
walla,  nor  the  conitrucUon  and  removal  of  a  temporarr  lallroa^ 
bridge.  The  work  wa*  done  by  contract,  but  actual  coata  are  giva 
Whether  borne  by  the  contractor  or  the  Kovemtnent,  and  no  allow- 
ance la  made  for  depreciation  or  for  enstneerlnB  expenaea.  The 
quantities  conelated  of  SIB  cu.  j^a  of  excavation  and  lt2  cu  yda 
of  reinforced  concrete,  the  latter  mixed  In  the  proportion  of  1-2U^ 
the  maximum  size  gravel  being  Z  tna 

Lumber  waa  taken  at  Ita  fu'l  cost,  which  Is  not  absolutely  Qorrort, 
aa  It  was  later  uaed  over  again  on  other  structurea  Probabb 
one-third  ot  the  lumber  charge  would  have  been  mora  nearly  cdr- 


Bzcavatlon;  Daya 

Superintendent    3^ 

p>>reman    E 

lAborera  (loading  sllpa  and  excaVBt'K)  Sl% 

Z-horae  teams,  slip  and  drivers S% 

Eixcavatlng   338   cu.   yda    (sandy   clay, 

dry),  at  (0.361   

Fomu   (162  cu.  yda)  ; 

Lumber,  lO.SEO  fc  B.  M 

Nalla.   Z  kegB 

Total  material  (or  forma 

Carpenters    SDK 

Ld.t>orera    4Gi£ 

Hauling   (teams)    3H 

Total  labor,  building  and  remov- 
ing forma 

Material*: 

Cement,  325  bbis 

Cement,  ii\   bbls 

Sand,    71   cu.  yds 7 

Oravel,  134  cu.  yda 

Coal,    3U    tons 

Qasollne,  ZE  f-alB 

Total  materials 

Laborers    I^IU 

Foreman    18S 

Cement  worker   7  13-11 

Cement  helper   i% 

Teams  (hauling  cement  and  water)  ....     3% 

Total  labor,  mixing  and  placing. . 
Relnfo  rcem  eni : 
Hauling  (labor  and  teams) 


Total 


1122.03 

tiia^ti 


t»».M 


t3»G.M 

21.71 
112.11 


t.  0 

it 

"an 

31.1S 

IS7I.0* 

»lt.2( 

BmuUng  bars: 

Laborera  

BlockamlUi 

Sui»eriatendent  (working  plans) . . 

Foreman 

Blacksmith  coal,  3  Backs 


Total   labor,  placing  bars.. 

Bteel  bars.  !S,5S5  Iba 

iHttalUne  and  removitiB  plant: 


■.m 


IE».ie 

tSg.00 
3.90 

t71.S0 
t690.T» 


Total  

euperinfen  Jence  : 
Superintendent  . . . . 
Foreman   


5ummar|f  of  Concrete, 

PerCu. 

WLtnlal  ;or  forms tl'3E 

Labor  on  forms 2.3< 

Materials  for  concrete 4.7! 

Labor,  mixing  and  placing    2,2! 

Steel  lor  reinforcement 4.21 

Hauling  steel   O.K 

Labor,  bending  steel 0.3< 

Labor,  placing  steel , . 

Installing  and  rr '" 

"■ — rtntendence 

Total  cost  of  concrete 

Tba  cost  of  the  steel  relnlorcemdnt.  In  t< 
OM  the  unit,  cost  as  follows: 

Per  lb. 
Cts.- 

Steel  bars  2.70 

Hauling   0.06 

Bending O.Si 

Placing    0.3S 

Total    t.2T 

Cost  of  ■  stone  Arch  Culvert.* — This  culrert  wa«  erected  by  con- 
tract for  the  Chicago  *  West  Michigan  By.,  In  1891-189Z.  Th« 
culvert  was  built  some  distance  from  the  original  channel,  and  a 
new  channel  was  cut  tbrou^  to  the  arch  after  It  was  completed. 
The  excavation  was  cturled  4!Fi  ft-  below  water  level.  A  cotlcrdaih 
was  built  of  2x8  In.  x  i  lD.x  T  ft.  sheet  piling,  which  was  driven  by 
hand.  Pumping  was  done  with  a  centrifugal  pump,  the  power  being 
furnished  by  a  traction  engine.  The  pump  was  run  only  one-quarter 
of  the  time,  for  the  water  did  not  come  In  rapidly- 
was  done  by  men  with  shovels  and  wheelbturows. 

*BntrtHeerUis-ContraettnB,  Jan„  1908. 
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The  Btons  for  Che  culvert  was  a  Baiiilatone  acabbled  at  tb«  qnanr. 
and  but  little  work  had  to  be  done  on  the  to[)  and  bottom  t>eda. 
Joint!  and  beda  were  tald  (or  ID  tna  back  of  the  faca  with  Portland 
pement,  and  the  rest  was  tald  with  LoulBVlUe  natural  cemenL  Two 
deiTlclci  were  used  altemately  and  were  run  with  Hteom  power. 

Work  on  the  excavation  commenced  Oct.  6,  1891  ;  a  hand  pumii 
being  used  from  Oct  Zl  to  29 ;  and  a  steam  pump  belns  used  (nai 
Oct.  29  to  Nov.  IE,  and  trom  Jan.  £9  to  Feb.  S,  1B9S.  The  arst  Etoiv 
waa  laid  Nov.  T  ;  the  centers  were  raised  Dec  i  :  the  keystone  wsi 
flnlshad  Jan.  20;  the  last  atone  waa  laid  Jan.  25;  and  the  centen 
were  struck  Jan.  29.  The  plant  waa  moved  away  Feb.  <.  After 
Dec.  7,  salt  was  used  In  hot  water  tor  mixing  the  mortar. 

The  foUowlog  was  the  cost  to  the  Tallway  and  to  the  contraGtor: 

Price  Paid  to  Gontraetor. 

1,041  cu.  yds.  dry  excavation,  at  2G  cts S    Itt.ti 

617  cu.  yda  wet  excavation,  at  75  eta -ISS-TI 

E94  cu.  yds.  excavation  for  ctiannel.  at  25  eta ltS.S* 

18,710  ft  B.  M.  beech  Umber  In  foundation,  at  t30 So;.»» 

ZD.2BS  fL  B.  M.  3-ln.  pine  plank,  at  122 44t.» 

495.9  eu.  yds.  Hrsl-clasB  masonry  cut  and  placed   <lnclu- 

dlnit  cempnt  and  sand),  at  17,50 3,T19.:S 

604   ft  B.  M.  sheet  piling;  protection  for  ends  of  arch,  at 

140  hours'   work  drlvlne  sheet  pfllnK  and  rlprapplng  at 

end  of  nrch,  at  10,16 21. (if 

20  hours,  eneinc  and  enKlneman,  ditto,  at  (0.40 «,^'' 

10%    on  t29   labor 2.99 

Co»l  to  C.  4  W.  M.  BH. 

4  81.9  eu.  yda  sandslfme,  at  J«.82 tS.*!lt  » 

Contractor's  payment  as  above S.S78.19 

Total   18.863.14 

The  above  Is  the  cost  of  sandstone  f.  o.  b.  Ia  Porte.  There  werf 
ET  cartoada  of  stone,  of  272.4  cu.  ft.  ol  stone  I>er  car,  WQlgtalng  157 

Actual  Co»t  of  ^oeertal  and  Labor. 
Uatffrtalt: 
4.000  ft.   B.  U.  !  X  S  In  X  7  ft  T  ft  Q.  sheet  pIlinK.  at  til     S   S(  M 

18,740  ff.  B.  M.  beech  timber.  13  In.  thick,  hewed,  at  HO.  

20.286  fL  B.  M.   3-In.     pine  plank  In  foundation,  at  114 

1.300  fC  B.  M.  rouKh  hemlock,   3  x  12  lus.,  In  centers,  at 


plank^ln__ foundation,  at_tl4 ISs!*! 

1,500  It's,  if,  pine   (dreasofl  1  side),  3x12  Ins.,  In  cin-  "'" 

ters,  at  til 11  on 

1,800  tt.   B.  M.  pine   (dressed  1  side.)   1 1 4  Ins..  lasstngr. 

Old  limber  In  bents  under  center '■'■'.'.  lOM 

Posts  and  walling;  for  sheet  plllnjt  {round  timber)..  ib'w 

160  bolts  In  centers.  H  x  12  Ins..  200  lbs.,  at  4  cts 'at 

3.000  boat  spikes,  ^  x7  Ins.,  1,000  lbs.,  at  3W  cts >s  « 

es  cu.  yds.   sand,  at  75  cts JS'tS 

95  bbla  Louisville  cement,  at  « ss  ■• 

2  bbla  salt,  at  tl s'« 

70  cords  16-ln.  wood,  fuel  for  eoKlnes.  at  tl.2E gjis* 

Total  for  materials >»31.97 


p 


dars  forernan  of  laborers  excavatli 
days  foreman  of  maBOns.  at  (2.50 . . 
days  englnemaji,  at  iZ 


Total  (or  labor %2.SS9M 

Oeneral  expense; 

is  daya  timekeeper,  at  tl $  gS.OO 

Repairs  Co  stonecuters'  tools SG.OO 

30  days   Iractlon  engine  and  englneman,  at  13 90.00 

(0  days  rent  on  engine  when  fdfe.  at  tl-SO SO.OO 

10%  value  of  SZ.ODO  plant 200.00 


Wet    excavation  and   driving  ahaet 

PuCtlntc  ie'.V'lb  ft.  B.  M.  betefi  tim- 
ber In  place   tO.OO  or  tS,38  perM. 

Putting  20.286   ft.    B.    U.   plank    In 


S2.8cts.  percl 
tS,38per 
t2.22  per 


:0  per  M. 

)7ftperei 


.yd. 


),   496   cu.  yds... _ _. 

d  erecting  plant 1G0.O0 


riprap.. 


18.6  eta.  per  CI 


The  foregoing;  record,  while  very  complete,  would  be  more  satls- 
taclory  if  it  contained  a  detailed  statement  of  the  organlxallon  of 
the  forcea  For  example,  how  many  masons,  how  many  mortar 
mixers,  how  many  masons'  helpers  on  the  wall,  how  many  tag-men 
slewing  the  derrick  boom,  etc.,  were  there  to  each  derrick?  Then, 
again,  a  sketch  of  the  plant  layout,  and  a  rough  drawing  showing 
the  general  design  of  the  culvert  would  be  a  valuable  addition. 

While  the  day  of  cut-stone  arch  culverts  la  rapidly  passing  away, 
such  culverts  are  still  apeclfled.  Concrete  Is  cheaper  than  cut-stone 
masonry,  but  tt  is  not  always  cheaper  than  rubble.  We  may  ex- 
pect to  see  a  greater  use  of  rubble  masonry  when  engineers  come 
to  hare  a  more  detailed  knowledge  o(  costK 

If  the  contractor  Is  left  to  himself,  he  can  often  build  lubble 
masonry  at  leas  cost  than  concrete.    Engineers,  however,  often  draw 
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Indefinite  or  very  exacting  ipedflcatioiis  Cor  rubble,  and  get,  a»  » 
reault,  prlcea  that  aro  higher  than  for  concrete.  Rubble  U  partfen- 
larly  cheap  where  the  Job  !■  nmaJl  and  Where  broken  stone  ciui  oM 
tM  hauled  Id  except  at  great  expense. 

In  considering  the  cost  ot  excavation  above  given.  It  sbould  Im 
remembered  that  conditions  were  such  that  the  material  ooald  tM 
moved  in  wheelbarrows.  If  a  derrick  had  to  be  used,  the  cost 
would  have  been  much  more- 
Cost  of  fteinforcad  Concrste  Subwayi.* — In  190S  the  Lake  Shore 
A  Ifichigan  Southern  Ry.  constructed,  with  Its  own  workmeiu  thrtc 
reinforced  concrete  subways  at  inkbart.  Ind.,  to  carry  a  lilgliwa; 
under  Its  tracks  and  thus  do  away  wllh  grade  croMlngs. 

The  three  subways  had  a  length  o(  barrel  40  ft.,  SO  ft.,  and  IGS  It 
long,  respectively,  exclusive  Ot  wing  walla.  They  were  buUt  a* 
arches  of  ao-ft  clear  wtma  and  IS-fL  headway,  with  a  thickness  ol 
28  Ina  at  the  crown. 

Steel  bars  of  the  Johnson  corrugated  pattern,  made  by  the  St 
Louis  Expanded  Hetal  Fire  Prooflng  Co.,  were  used  for  the  rein- 
forcement, circumferential  bars,  qtaced  S  Ins.  center  to  center,  being 
laid  2'A  ina.  from  the  extradoa  and  intradosi  across  these  were 
transverse  rods,  2  ft.  center  to  center,  running  the  full  length  of  tbe 
barrel.     The  steel  rods  were, rut  In  according  to  the  Honler  plan. 

The  concrete  used  In  the  construction  was  mixed  generally  In  tbe 
proportions  of  1  part  cement  to  3  parts  gravel  and  G  parts  ^lod. 
The  gravel  was  dug  from  the  foundations  and  waji  about  one-half 
sand  and  one-half  gravel.  The  latter  component  varied  somewhat 
and  the  proportion  of  cement  was  varied  accordingly,  more  cemail 
being  used  when  the  proportion  of  sand  In  the  gravel  increased. 
The  concrete  was  machine  mixed  and  a  wet  mixture  used. 

Tbe  three  subwaya  contained  4,S33  cu.  yda  of  concrete,  the  coat 
per  cubic  yard  of  concrete  being  aa  follows: 

Total.        P«-eu.yd. 

Temporary  buildings,   trestles,  etc t      TGS  t9,lS 

Machinery,   pipe,   etc 41S  .08 

Sheet  piling  and  boxing   l.OOC  .11 

Bzcavating  and  pumping   1,(10  .■) 

Amh  Centert  and  Boatn/f — 

46  M.   ft.  at   J25 I.IBO  .14 

10  M.   ft.  at   til 110  .n 

Labor   In   centers    (carpenters  at   22H   cts. ; 

laborers,   16  cts.)    2,iB0  .48 

Concrete  Jrosonry —  l 

Cement  at  tl. S3   8,8St  L8)          I 

Stone    X,?88  .J1 

Sand    and    gravel    (obtained    from    founda- 
tion)       140  .OS 

Drain   tile   101  .01 

Labor     8,091  1.18 

Steel  reinforcing  rods,  at  m  eta  per  lb...  1,011  .() 

Engineering,    watchmen,    etc. SOS  .11 

Total     tlS.B44  te.lt 

'Bnglneerino-Contracting,  Oct.  IT,  190B. 
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We  are  Indebted  to  Mr.  Samuel  Rockwell,  Chief  Engineer  Lake 
Shore  A  Hlchigiui  Southern  Ry.,  (or  the  above  data. 

Cost  of  a  Dry  Maionry  Box  Culvert. — Dry  maaonry  box  Culverts 
have  been  used  exienalvely  in  railroad  construction,  and  their  use 
will  no  doubt  continue,  especially  where  the  haul  of  cement  Is  long. 
as  Id  new  construction  In  mountainous  sections  of  the  country,  also 
where  the  amount  o(  work  to  be  done  does  not  Justify  the  Inslalla- 
tlon  of  a  rock  crusher.  Records  of  cost  of  such  work  are.  conse- 
quently, of  value. 

Among  the  many  closees  of  culverts  constructed,  none  fs  more 
lastlns  than  a  well-built  dry  masonry  culvert  See  Fig.  37.  Where 
large  stones  with  well  defined  tapea  can  be  secured,  such  as  from 
rock  cuttings  on  railroad  work,  these  culverts  can  be  built  strong 
and  with  a  very  neat  finish.  Care  should  always  be  taken  to  secure 
good,  firm  bottom,  and  the  foundation  course  should  he  placed  well 
below  the  bed  o(  the  stream,  and  thus  prevent  undermining  of  the 
walls.     The  paying  should  not  extend  under  the  walls  of  the  cul- 


Flg.  37. — Masonry  Culvert 

vert,  for  should  a  part  of  the  pavlntc  became  misplaced,  the  small 
paving  atones  will  be  washed  from  under  the  walls,  causing  the 
latter  to  cave  In  and  ruin  the  culvert  The  tower  course  of  stones 
should  t>e  as  large  as  can  be  conveniently  handled,  so  that  heavy 
floods;   that   may   Injure   the  pavement   will   not   misplace    the  wall 

We  give  here  the  cost  of  a  Ix3-ft  dry  maaonry  culvert,   36  tt. 

Excavation   for   foundation    SO  cil  yds. 

Idbarers,    22    hra   at   20    cts. %  4.40 

This  gives  a  cost  of  li  cts.  per  cu.  yd.  tor  excavation. 
Jfotonrv — 

Mason,  CO  hrs.  at  4D  eta I14.D0 

Laborers,  130  hra  at  20  cts 20.00 

Team  and   teamster.  40  hrs.   at  4E  cts....   IS.OO 
Derrick,  40  hrs.  at  16  cts. O.OO 

Total    174.00 

The  culvert  contained  EO  cu.  yda  at  a  cost  of  (74.  or  (1.48  per 
cu.  yd.  The  stone  (or  this  culvert  was  taken  out  of  a  rock  dump 
20  ft  away.  Some  of  the  large  covers  had  to  be  handled  400  ft 
The  derrick  used  was  the  ordinary  three-leg  derrick,  l^s  SO  ft  long. 
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and  the  derrick  boom  was  24  ft.  long,  one  wt  Teaching  the  fan 
length  of  culvert,  the  derrick  cable  being  operated  by  horse  power, 
pulling  through  block  and  tackle. 

Coit  of  Concrete  Culvert  PJpe.*_Tbe  methods  and  coat  of  moIdiDc 
l-ft.  concrete  culvert  pipe  given  In  tbe  following  paragraphs  have 
been  obtained  from  Mr.  O,  P.  Chamberlain.  Chief  Engtaeer.  Chi- 
cago «  Illlnofa  Western  H.  R. 

During  the  aummer  of  1906  Mr.  Chamberlain  built  a  number  of 
culvert*.  uBlng  a   4-ft   long  roncrete  pipe  molded  In  the  form  of 


Elvaticin  of  Outv  ^rm. 


'S?* 


Fig.  3S. — Forms  for  Culvert  Pipe. 

hollow  cylinders  with  square  ends.  They  were  inoId«d  with  ma 
Interior  diameter  or  4  ft.  and  with  G-ln.  shells,  giving  an  outalde 
diameter  of  5  fL  Theee  pipes  were  laid  end  to  md  In  trencbe* 
whose  bottoms  were  cut  as  closely  to  a  circle  of  G  ft.  diameter  as 
could  be  done  with  pick  and  shovel  and  were  covered  with  earth 
thoroughly  tamped  around  the  tops  and  aldea  The  pipes  were 
used  In  low  embankments,  where  their  tops  are  but  18  Ins.  below 
the  bottom  of  the  ties,  and  thus  far  they  have  given  aatlsfactory 
service  under  heavy  freight  trafflc. 

•£>ip(>ieeHny-Con(roc«nff,    Feb.    13,    190T, 
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Figure  SS  In  a  reproduction  of  the  working  drawinsB  from  which 
the  torni*  uaed  la  the  conatructlon  ot  thSM  plpea  were  built.  Both 
forms  are  of  wood,  of  ordlnanry  wooden  tank  construction.  The 
Inner  form  haa  one  wedge  shaped  looee  atave  which  la  withdrawn 
after  the  concrete  hae  set  for  about  SO  houra,  thus  collapsing  the 
Inner  form  and  allowlns  It  to  be  removed.  The  outer  form  li 
built  In  two  pieces  with  Sx  %-\n.  semicircular  Iron  hoopa  on  the 
outside,  the  hoop*  having  loops  at  the  ends.  The  staves  are  fas- 
tened to  the  hoops  by  wood  screws  1\  Ins.  long  driven  from  the 
outside  of  the  hoop.  When  the  two  sides  of  the  outer  form  are 
In  poeltlon.  the  loops  on  one  side  come  Into  position  Just  above 
the  loops  on  the  other  slde^  and  four  K-ln.  steel  pins  are  Inserted  In 
the  loops  to  hold  the  two  sides  together  while  the  form  Is  betnK 
filled  with  concrete  and  while  the  concrete  Is  setting.  After  the 
inner  form  has  been  removed,  the  two  pins  In  the  name  vertical 
Una  are  removed  and  the  form  opened  horliontally  on  the  hinges 
formed  by  the  loops  and  pins  on  the  opposite  slda  The  Inner 
and  outer  forms  are  then  ready  to  be  eet  up  (or  building  another 
pipe. 

The  concrete  used  In  manufacturing  these  pipes  was  composed  □( 
American  Portland  cement,  limestone  screenings  and  crushed  lime- 
stone Chat  has  passed  through  a  K-ln.  diameter  screen  aftsr 
everything  that  would  pais  through  a  ^-In.  diameter  screen  had 
been  removed.  The  concrete  was  mixed  In  the  proportions  of  one 
part  cement  to  three  and  one-half  parts  each  of  screenings  and 
crushed  stone.  All  work  except  the  building  of  the  forms  was  per- 
formed by  common  Inborere.  In  his  experimental  work  Mr.  Cham- 
berlain used  two  laborers,  one  of  whom  set  the  forms,  and  tilled 
them  and  the  other  of  whom  mixed  the  concrete.  The  pipes  were 
left  In  the  forms  till  the  momlng  of  the  day  after  molding.  The 
two  laborers  removed  the  forms  filled  the  day  before,  the  tlrat  thing 
In  the  morning,  and  proceeded  tc  refill  them.  The  average  time 
the  concrete  was  allowed  to  set  before  the  forms  were  removed  was 
16  houra  Mr.  Chamberlain  believes  that  with  three  men  and  six 
forms  the  whole  six  forms  could  be  removed  and  relllled  dally. 
Based  on  the  use  of  only  two  forms  with  two  laborers  removing 
and  reflUIng  them  each  day.  and  on  the  assumption  that  a  single 
set  of  forms  costing  MO  can  be  used  only  60  times  before  being 
replaced,  Mr,  Chamberlain  estimates  the  cost  of  molding  4-ft.  pipes 
as  follows: 

2  per  cent  of   140   for   forms 10.80 

1.1  cu.  yda  stone  and  screenings  at  11.85..   2.01 

0.g  bbia   conent  at  tS.lO l.SS 

10  hoar^  labor  at  28  cts. 2.S0 

Total  per  pipe   17.33 

Thta  give*  a  coat  of  11.83  per  lineal  foot  of  pipe  or  practlcalty 
IT  per  en.  yd.  of  concrete.  The  pipe  actually  molded  cost  (2.60 
per  lln.  ft.  or  fS.IZ  per  cu.  yd.  of  concrete,  owing  to  the  small 
scale  on  which  the  worlt  waa  carried  on — the  Isborera  were  not 
kept  steadily  at  work. 
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The  pipes  were  built  under  a  derrick  and  loaded  by  metuia  et 
the  derrick  upon  flat  can  for  tranaportatlon.  At  Ou>  culvert  atle 
theF  were  unloaded  and  put  In  by  en  ordlnarr  ■ectlon  gaas  ^rilh 
no  appllancee  other  than  aktdi  to  remove  the  pipee  from  tba  (sra. 
As  each  four-loot  section  of  this  pipe  welghe  about  two  tone.  It 
was  not  deemed  expedient  to  build  eectlone  of  a  Kreater  leastb  tbau 
(our  feet  to  be  unloaded  and  placed  by  hand  On  a,  trunk  line, 
however,  where  a  derrick  car  la  available  for  unloadtng  and  plac- 
ing the  pipee,  there  la  no  reason  why  they  should  not  b«  bnUt  In 
elx  or   elKbt-foot  sections. 

Ba::ln«  hie  eKImate*  on  the  above  price  of  IT  per  co.  yO.  tot 
concrete,  Mr.  CtuunberUin  has  computed  the  accomcanrtnc  table 
of  compatatlve  waists  and  coats  of  cast-iron  and  concrete  i>lpe* 
of  various  diameters.  The  cost  of  cast-iron  pipe  per  pound  is 
asMimed  to  be  1%  ct& 

Tabl*  XXIX. — Sho wiHO  RsL&Tfvi  TRiCKNsas,  Wbiobts,  axo  Con 
or  "arANDARD"  Cabt-Iron  Pipb  and  Concbsts. 

.      Thlckneaa  Weight  Iba  Cow 

Sice  and  kind  of  pipe.                  in  Ina  per  lln.  ft.         per  Un.  fL 

12-ln.  caet-lron     0  M/<4  T(  ll.Sl 


0  47/«i 

IB-ln.  concrete     S 

H-ln.  concrete    '.'.'.'.'.'.'.'.'.''.'.'.'.'.'.i'i 

SO-ln.  caet-lron    11/1 

30-In.  concrete     


4  Z-ln.  concrete    6 

4S-ln.  cast-iron    1 

4S-ln.  concrete  ■  mi  i-sd 

In  Table  XXIX.  tbe  thlcknen  for  concrete  pipe*  of  varlooi  diam- 
eters has  been  taken  as  approximately  proportional  to  tbe  iblck- 
ness  of  "Standard"  cast-Iron  pipes  of  the  same  diameter,  the  l-fL 
diameter  pipes  being  used  as  a  basis  for  calculaUon. 

The  first  cost  of  concrete  pipes  at  tbe  place  of  manufacture 
nould,  according  to  the  above  table,  be  less  than  one-*lKtti  of  tbe 
cost  of  cast-iron  pipea  The  cost  of  transportation  and  of  In- 
stalling the  pipes  would,  on  account  of  the  greater  weight  and 
greater  number  of  pieces,  probably  be  very  nearly  double  that  for 
cast-iron  plpea 

On  account  of  the  lack  of  reliable  data  regarding  thia  cart.  Ifr. 
Chamberlain  ia  unable  to  give  a  fair  comparative  estimate  of  the 
cost  of  the  two  styles  of  culverts  In  place.  However,  since  trane- 
portatlon  and  inatallatlon  of  Iron  pipes  Is  but  a  amall  prc^iortlon 
of  the  cost  of  the  completed  culverts.  It  Is  evident  that  «om  of  a 
concrete  pipe  culvert  tn  place  would  be  but  a  nnall  fraetlon  «t  the 
cost  of  a  cast-iron  pipe  culvert  of  the  same  diameter,  provided  the 
pipes  were  hauled  only  moderate  dlstancee. 
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Coat  of  Placing  Cart  Iron  Plp«  Culvartt.— Ur.  Jahti  C.  Seour. 
E^Blneer  of  Construction,  C.  B.  A  Q.  Ry.,  stves  the  followInK  data 
on  th«  coHt  o(  UDloadlns,  bauIlDg  and  dIocIdk  cast  Iron  pipe.  In 
I90E  that  raJlroad  on  Ita  eitensloQ  from  CentrHllo,  IlL,  to  Herrln. 
used  for  Its  culverts  ordinary  cast  Iron  pipes  up  to  a  slie  at  48 
Ins.  In  diameter.  The  contract  tor  handllnx  the  pipe  was  let  to 
a  contractor  at  TC  cts.  per  ton  per  mile  for  the  unloadInK  and  haul- 
ing and  ta.OO  per  ton  for  placing.  A  careful  record  was  kept  of  all 
labor  emplojred  tn  handling  this  pipe,  and  from  these  data  the 
following  results  were  obtained: 

Numtrar  of   tons  of  pipe   handled ttl 

Cost  per  ton  for  unloading  from  Oat  and  gondola  can fO.SI 

Average   miles   hauled    S.8Z 

Cost   of   hauling  per  ton  mile    0.4i 

Cost  per  ton   mile  for  unloading  and  hauling   (av.  haul  S.SZ 

miles    O.ES 

Cost  per  ton  for  laying  0.56 

Cost  per  ton  In  place    2.39 

The  greatest  distance  the  pipe  was  hauled  was  about  10  miles. 
From  the  data  obtained  It  was  deduced  that ;  The  cost  per  ton  for 
unloading  the  pipe  la  the  same  regardless  oE  slie ;  that  the  cost  of 
larlng  pipe  per  ton.  for  pipe  under  30  tns.  In  diameter.  Is  about 
30  per  cent  more  than  for  pipe  over  SO  Ins.  In  diameter.  As  », 
matter  of  (act  It  costs  about  twice  as  much  per  ton  to  107  18-ln- 
plpe  aa  it  does  -to  lay  48-ln.  pipe. 

Cost  of  Cast  Iran  Pipe  Cvlvarts. — The  labor  cost  of  pipe  culverts 
depends  almost  entirely  upon  the  amount  of  excavation  involved.  If 
an  existing  railway  embankment  must  be  cut  through,  obviously  the 
tabor  cost  will  be  far  higher  than  if  the  pipe  Is  laid  under  a  trestle 
that  Is  to  be  filled  In. 

For  the  weight  of  cast  Iron  pipe,  see  the  section  on  Waterworks. 
Also  consult  that  section  (or  the  labor  cost  o(  handling  pipe. 

Hr.  A.  W.  Uerrtck  gives  th«  following  dat»  of  work  done  In 
1S9B  on  the  Chicago  ft  Northwestern.  Where  the  embankment  Is 
more  than  IS  (t.  high,  an  open  trench  is  excavated  from  the  toe 
of  each  slope  to  a  point  S  ft.  from  the  center  of  the  track.  This 
leaves  a  core  12  ft  wide  under  the  track,  through  which  a  tunnel 
Is  dug.  It  Is  often  well  to  Insert  two  old  stHngers  under  the  rails 
to  keep  the  weight  oil  the  earth  over  the  tunnel  during  construction. 
The  trench  is  sheeted  with  vertical  planks  and  braced.  The  roof 
of  the  tunnel  Is  supported  by  4-ln.  plank  which  rest  on  S  x  12-ln. 
postB  whose  feet  stand  on  3  x  12-ln.  mudsills  running  lengthwise  of 
the  tunneL  Wedges  are  placed  between  the  posts  and  the  mudsllla 
For  a  Z4-In.  pipe  the  tunnel  Is  made  4  x  4  ft.  Two  planks  are  laid 
aide  by  side  in  the  bottom  of  the  trench  for  dollies  to  run  en. 
and  eacb  length  o(  pipe  ■>  drawn  In  on  a  dolly  at  each  end. 

The  cost  of  a  S4-ln.  pipe  culvert.  48  ft.  long.  In  a  bank  It  (L 
high,  was: 

Perlln.ft 
Cast-Iron  pipe,  SEO  lbs.,  at  tl<  per  ton tZ.OO 

Total  iToi 


^ 
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The  coM  at  a  if-ln.  pipe  ci>lT«rt,  81  ft.   iasg.  In  a  bank   24  fL 

PeniD.  tL 

2G0  lbs.  ctLit-lron  pipe,  at  (IS  per  too 12.00 

Plank  ana'aiile.'. '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'. '.'.'.'.'.  0.e^ 

Total   M.8tt 

End  walls.    169 0.80 

Total    I*.»0 

The  detailed  coet  of  these  two  end  walls  waii: 

2  cords   stone,    at    S3.2G I  CSO 

18  tootlnK  stone,  at  10.80 1*.10 

20  copins  stone,  at  10.60 10.00 

6  sacks  cement   1.37 

Hasan  labor K.SE 

Total    M».t  J 

Ur.  A.  S.  Uarhley  Elves  the  tollowInK  coats  In  I8S8  ot  work  on  tha 
Chicago  ft  Eastern  Illinois,  laborers  Tscelvlns  tl-SO  per  day,  and 

foremen  Jf.BO. 

SIse  of  LAboT. 

pipe.            Condition.                                      Per  ton.        Per  ft. 
<8-ln.     Opening  provided   |1.2E  tO.St 


1.  4H   ti-  t)BI 

1,  i'A  ft.  be 


I«-in.     Trench,  4^  ft.  bank 1.06  0.18 

Ur.  W.  A.  Rogers  gives  the  followInK  costs  In  1S98  on  the 
Chicago.  Milwaukee  ft  St.  Paul,  tt  Is  not  stated  fust  what  the 
conditions  were,  but  many  of  the  pipes  were  drawn  through  exlstlnc 
tlmtMr  culverts  and  earth  tamped  around  then.  Host  of  the  pipes 
were  cast  In  6  ft.  lengthi^  and  the  price  was  814. EO  per  ton. 

CostotcAch 
Diameter.         Material.  Labor.  TotaL         masonry  ad. 

20  1na  I.OO  l.OS  (2.08  |   43 


481ns.  4.30  2.36  6.66  100 

No  pipe  smaller  than  tO  Ins.  ts  used,  for  this  Is  the  limiting  ■!» 
that  a  man  can  crawl  through  when  It  is  necessary  to  clean  a  pipe 
out.  larger  sizes  than  48  Ina  have  caused  trouble  by  breaklUK. 
Pipes  were  put  In  by  the  track  department. 

Mr.  Geo.  J.  Bishop  gives  the  following  cost  In  18)8  of  wor*  on 
the  Chlrago,  Rock  Island  ft  Paclflc.  The  pipes  were  all  laid  under 
trestles  that  were  to  be  ailed  In.     Hence  the  labor  co«  was  lower 


Wel^t 

IHameter. 

Plp«. 

Labor. 

5" 

4glDa.  T9T  t.l»  OiTZ  i. 

tOlna.  1,2(3  10.01  l.S«  11 


In  the  R  R.  Oaiette,  VoL  19.  p.  122,  cast  Iron  culv«rlB  made  in 
quBdrantH  bolted  tOKether  are  described.  Tbe  quadrSDta  are  pro- 
vided with  outside  OaiiKea;  and  with  a  racesa  In  whlcb  tarred  rope 
■meared  with  nest  cement  Is  placed  before  boltlns  together.  No 
Bkilled  labor  li  required.  A  T-tL  culvert,  50  ft.  long,  contained  IE 
short  tons  of  cast  Iron.  The  labor  of  Unloading  It  from  the  cars 
WBB  tlT.ED,  or  40  cts.  per  ton,  and  the  labor  of  putting  It  In  place 
was  tlBO,   or  13.30  per  ton. 

corrugated  Metal  Culvert. — The  metal  culvert  was  18  ft.  Ions  and 
4  ft.  In  diameter,  the  bottom  being  6  Ins.  lower  than  the  xrada  line 
of  the  ditch.  Concrete  solid  walla  were  built  rising  from  bottom  of 
culvert  to  the  sniund  surface,  and  eitendlns  Into  l>oth  banks.  These 
walls  were  20  Ina  thick  to  top  of  pipe.  18  Ina  thick  to  within  8 
Ine.  of  the  mirtace.  and  the  top  8  Ins.  was  12  lua  thick.  The  top 
t  ins.  was  of  1  ;6  mortar  and  the  remainder  was  of  1 :4  :t  broken 
tile  concrete.  Condemned  tile  was  broken  Into  1  to  2-in.  pieces. 
The  walls  were  IS  ft.  long  at  the  level  of  the  top  of  the  pipe  and 
20  ft,  long  at  the  surface.  The  forms  were  constructed  by  first 
placing  the  plank  parallel  tO  the  slopes  until  the  concrete  was  car- 
ried to  the  top  of  tlie  pipe,  and  up  the  slopes  to  the  surface.  After 
this  had  hardened  for  24  hours,  the  planking  was  taken  down  and 
laid  horizontal  to  construct  the  center  part  of  the  wall.  Thia 
method  of  construcUnK  the  forms  required  a  minimum  of  lumtwr 
and  no  cutlng  of  the  lumber.     The  cost  ol  the  culvert  was  as  fot- 


'iS'W 


Labor,  preparing  ditch  for  culvert.  2  n 
Bolting  pipe  together  and  lowering  li 

hrs.   at    20c 

3T.fi   Backs  of  cement  at 


!^S(fpe 


broken  tile  at  E4c  per  cu.  yd._for  breaking.. 


(  building  abutment.   §2  hrS.  at  20c  per 
'  '"    ra  grading.  G  hrs.  at  SCc  per  hr. 


Cost  of  Tearing  Down  a  Small  Bridge — A  small  highway  bridge 
of  iS-ft.  span,  and  roadwajr  2G  ft.  wide,  contained  10  tons  of  Iron 
In  the  trusses  and  4.SG0  ft.  B.  M.  In  the  flooring.  The  flooring  was 
S-In.  oak  plank  on  3  x  12-ln.  stringers  spaced  S  ft  apart,  and  two 
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Its. 

A  wooden  footbiidce,  t  ft.  wide  and  100  ft.  Ions'  orar  a  erodt. 
contained  4.000  ft  B.  U.  It  took  8  men  and  a  team  )  hrs.  to  tmr 
Sown  and  ranove  thia  vtructure,  which  waa  eeaentlaUr  m.  lltfit 
temporary  trestle  floored  with  S-in.  pUnk.  The  coit  was  |l  per  if 
tor  thi«  teKring  down.  Tbe  aame  Bang  bad  originally  ereetca)  this 
■tmcture  at  a  coat  ol  tl.lE  per  If. 

Coat  of  Mevrno  a  65-ft.  BrldD*  and  New  Abutmanta^-A  arted 
highway  pony  trum  hrldgw  of  6S-ft.  apan  and  16-ft.  roadway  had 
bean  erected  upon  timber  pile  abutmenta  tbat  had  rotted  bttdly. 
New  abutmenta  were  built  adjoining  tlie  old  abutments,  by  dil^lug 
I£  Iron  plies  for  each  abutment  and  Ita  wing  wnlls.  These  pUcc 
were  of  old  ateel  rails  30  ft  Ions,  and  werv  driven  10  ft.  dae(>.  A 
snail  pile  driver  operated  by  E  men  and  1  horse  averaged  8  piles 
per  10-hr.  day,  for  B  daya  Then  1  day  waa  qrant  in  bulldlnK  a 
falMtwork.  and  I  more  days  raising  and  shifting  the  bridge  tram 
Ita  old  abutments  to  the  now.  The  coat  of  pile  driving  was  III, 
or  t>-IE  per  pile.  The  coit  of  building  tbe  ti  ' 
the  coat  of  moving  the  bridge  woi  fit. 


SECTION  XIII. 
STEEL  AND  IRON  CONSTRUCTION. 

NaM  of  Mora  prfntad  Data — NotwItbalaQdIiiE  that  this  haa  tMeo 
called  tlia  Asa  of  Steel,  there  have  been  fewer  arClclea  printed  on 
tlM  coBt  of  ateel  work  than  on  any  other  vlaaa  ot  englneerlnK  con- 
■tnicUon.  We  have  had  hooka  without  number  on  the  deolxn  of 
ateal  brldg«a,  bul  next  to  nothlns  In  thoaa  books  on  the  Itemized 
coat  of  Meel  brldces.  Indeed,  aside  from  the  articles  on  the  cost 
of  ateel  bridge  erection  publiahed  In  BnginteTiiig-C<iiUraoU»p  within 
the  last  (our  years,  practically  nothing  on  this  Important  subject  has 
ever  appeared  In  the  enalneeiinK  jDumala  In  the  sectloD  on  Bridges 
will  be  found  the  data  Juat  referred  to.  E'or  some  time  to  come. 
too  much  cannot  be  publlahed  on  the  methods  and  coat  of  steel  con- 
struction of  all  kinds 

Cross- References.— To  avoid  duplication.  It  seems  advisable  not 
to  sive  in  this  section  any  of  the  data  on  ateel  and  Iron  work  given 
In  other  aectlons  of  the  book,  but  rather  to  provide  a  very  complete 
Index  of  Steel  Construction  and  another  of  Iron  Work.  Such  an 
Indei  win  be  found  In  the  back  of  this  book. 

As  Eui  Indication  of  what  will  be  found  on  steel  and  Iron  In  the 
various  sections.  It  may  be  well  to  t>ear  In  mind  the  following  facts: 
(I)  The  cost  of  shaping  and  placing  steel  tor  reinforced  concrete  la 
given  [n  the  sections  on  Concrete,  on  Sewers,  on  Bridges,  on 
Buildings,  etc. ;  (2)  the  cost  of  laying  cast  iron  nnd  steel  waterplpe, 
the  erecting  of  steel  standplpea,  etc.,  will  be  found  la  the  section  on 
Waterworks  1  (S)  the  cost  of  building  steel  bridges  and  vtaducts, 
Iron  and  steel  culverts,  etc.,  will  be  found  In  the  section  on  Bridges; 
<4}  the  cost  of  laying  steel  rails  will  be  found  In  the  section  on 
Railways;  \S)  the  cost  of  putting  on  expanded  metal  lath,  gal- 
vanized Iron  siding,  tin  roofing,  etc,  will  be  found  In  section  on 


e  stated,  use  the  Index  under  Steel  Construction  luid  under 
Iron  Work. 

Cost  of  Pnaumatle  Rivating.— Ur.  A.  B.  Manning  gives  the  fol- 
lowing data; 

One  It  bp.  gasoline  driven  air  compressor  (Fairbanks,  Horse  & 
Co.)  ;  two  galvanised  iron  water  tanks;  one  galvanized  Iron  gaaollne 
tank ;  one  large  main  reservoir ;  one  small  auxiliary  reservoir ;  hose 
and  flttlngs ;  cost  mounted  on  car  tl.DTS.  Operating  at  90  iba 
pressure  this  compressor  furnished  air  for  ]  pneumatic  hammers,  t 
drills,   i  rivet  forges,  and  1  blaj:ksraJtIi  forge,  all  working  at  one 
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time.     Tbe  t  tuunmcra  and  thn  Z  drilla  cost  (In  1S9»>    ffitl. 
COM    dI    reiuUra    (or    14    months    averaxed    13    p«r    montb    «n    I 
$1,700  plant.     The  coat  ot  operating  waa  aa  foIloWB  per  d&y: 

IS  gala.  gsaoUne,  at  II. 1  eta. fl.lS 

Oil,   waste,   etc. V.I3 

DwroctatloD    (enlmated   on   20%    baala,    tor   SIS 

&ym)    1.09 

Repairs    O.ll 

Total  p«r  day fS.oo 

On  the  basis  of  nmniiiK  S  rivet  hBnimerib  Uils  la  ft  per  tmna 


Power  (or  one  hammer  per  day tl.OO 

Oil  for  one  hammer  per  day o.  1 1 

2  men  drIvInK  Hveta,  at  12-40 


on  for 

n  hiaatii^  rivets .'. '..,,  i.ZO 

Total  for  one  hammer  per  day |g.l2 


A  pneumatic  riveter  on  bridee  work  averages  GOO  rivets  per  lO-hr. 
day  (or  ta.li,  or  tl.t2  per  hundred  rivets.  On  one  day  TOO  rivets 
were  driven,  by  uatng  an  additional  man  to  take  out  flttlDK-up  balt« 
etc  The  above  casta  are  baaed  upon  tbe  erecttoa  o(  SS  brldfe 
spans,  asKregatlnK  2,tSS  tin.  (t.  and  80,06S  rivets. 

The  cost  of  rivetloK  by  hand  la  oa  follows: 

S  men,    at    12.40 (4.80 

2  men.   at   tl'20 4.40 

Total  per  gang  per  day f  S.SO 

Such  a  gang  averages  tSO  rivets  per  day,  which  is  equlvalSBt 
to  t3.ES  per  hundred  rlveta. 

Ur.  F.  S.  Edinger  statea  that  With  a  12  hp.  gasoline  drii-eo 
compresaor  and  an  80  cu.  ft.  atr  receiver,  Ave  loneatralce  hamiDer* 
were  operated  at  one  time  without  reducing  the  air  pressure  below 
TG  iba.  The  dva  hammers  when  driving  50  rivets  CK-ln.  dlam.) 
per  minute  are  using  air  only  about  5%  of  the  time.  The  same 
compresaar  will  run  2  hammers  and  2  drills  at  one  time.  The 
drllia  use  mora  air  than  the  hammers  as  they  run  untntemipteilly. 
The  drills  can  be  used  (or  boring  timber  by  inserting  eji  auger  is 
place  of  a  drill;  but  the  speed  Is  not  high  enough  for  wood  boring. 
Two  men  and  a  heater  (orm  a  riveting  gang  and  they  drive  twice 
as  many  rivets  as  three  men  and  a  beater  drive  by  hand.  The 
coot  of  fitting  up  and  riveting  on  new  steel  bridges  (all  rlveta 
%-\n.y  was  8G  to  40%  less  than  If  the  work  had  beet  done  by  hand, 
and  the  work  waa  done  better. 

Pneumatro  and  Hand  Riveting. — Mr.  Charles  Evan  Fowler  gives 
the  f otto  wing.  On  the  Northwestern  Stevated  Ry.  construction. 
Chicago,  percussion  rlvetera  were  uaed.  driving  as  high  aa  BOO 
rivets  per  day.  with  three  men  at  the  riveter  and  a  beater.  Hand 
gangs  on  that  work  averaged  300  rivets. 

In  reinforcing  the  Mantiattan  Elevated.  N.  T..  the  record  Is  4C5 
to  SIS  rivets  per  day  with  percussion  machines,  and  careful  testa 
showed  that  It  req^iired  S  cu.  ft.  of  free  air  per  %-ln.  rivet. 


STEEL  AND  IRON  CONSTRUCTION  1719 

On  th«  Boaton  Slevalsd  Ry..  In  1900.  the  long  gun  type  of  Borer 
riveter*  were  u«ed.  Owlnc  to  the  cramped  conaltion  of  much 
of  the  work,  only  )0O  rivets  per  day  were  driven,  two  men  a.C  a 
riveter  and  a  heater  at  the  torge.  Hand  sansB  drove  aa  many  &■ 
400  rivets  per  ganK  per  day. 

Coat  ol  Erecting  Steel  In  N.  Y.  Subway, — The  cost  of  erecting 
the  steel  posts  and  girders  In  the  N.  Y.  subway  was  as  follows  on 
one  aectlan  where  4,800  tons  were  erected: 


Labor   trucklnK t  l-IT 

Labor  pUtclng  and  riveting ll.SS 

Labor    painting 0.»0 

Materials  (or  painting O.TO 

Materials  tor  placing  and  riveting 0.90 

Power    O.SO 

Total    tlB.9( 

Iron  worker*  were  paid  |4  for  S  hra ;  Iron  foremen,  |E ; 
painters,  t2.     There  whb  1  foreman  to  every  10  men. 

The  contract  price  for  erecting  and  painting  was  $11  a  ton,  so 
that  money  was  lost  by  the  contractor  on  this  work.  The  men 
worked  under  difflcultles,  and  with  little  energy. 

Weight  of  The  Eiffel  Tower.— The  BltCel  Tower  weighs  7,600 
tons.  It  la  90S  ft.  high,  S3  ft.  square  on  top.  and  330  ft.  square  at 
the  base.    The  power  plant  Is  GOO  hp. 

Co*t  of  a  Qas  Pipe  Hand  Ballfng.-'A'  gas  pipe  hand  railing  for  a 
small  Btone-arch  bridge  was  made  oI  three  lines  of  1%-ln.  pipe 
rails  and  posts.  The  weight  of  the  pipe  was  800  iba  for  100  lln.  ft 
of  railing  (GO  ft  on  each  side  of  the  bridge).  The  cost  was  as 
follows : 


100  lln.  (t  of  railing  ready  to  erect tOS.OO 

ling  1  hi  mUes 0.60 

,  BSphaltum  paint O.IO 


Hauling  IH  miles. . 

1  qt  BSphaltui ' 

Paint    brush.. 


S  Iba  sulphur,  at  8  cts. 0,72 

Iron  kettle  to  melt  sulphur  In 0.40 

Labor  erecting  t«Ulng,  1 7  hra,  at  >S  eta G.)E 

lAbor  erecting  railing.  2  hra,  at  IC  Cts. 0.30 

Total  for  100  ft, of  railing I73.S7 

The  prlncli>at  cost  of  erecting  was  the  drilling  of  48  boll  holes 
CA  X  S  Ina)  In  the  atone  coping.  The  bolts  that  pasaed  through 
the  cast-iron  post  bases  were  held  with  sulphur.  The  posts  were 
made  of  H4-in.  gas  pipe,  crosees  and  tees.  The  114-ln.  pipe 
measured  about  I  Ins.  outside  diameter,  which  Is  a  good  sice  for 
hand  railing. 

On  another  Job  100  tin.  ft  of  hand  railing  were  built  along  an 
emt>ankroent  The  railing  was  made  of  3  lines  of  K-in.  gas  pipe 
(1-ln.  dlam.  outside)  made  as  above  described,  except  that  each 
poet  was  fastened  to  an  oak  plank  burled  In  the  ground,  and  an 
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sura  and  i  Mta  of  K-tn.  blocks  for  bauling  in  guys,  and  bractns  tlM 
stack  Inside  was  t^GD.  A  kadk  ot  S  men  at  tl.SO  per  dar  and  om 
top  man  at  tZ.ZE  per  day  were  emplored,  with  aome  extra  men  tor 
about  2  houra. 

Tbe  erection  as  deacribed  was  planned  and  carried  oat  br  Kr. 
Qeorge  B.  Nlcholaon.  a  holstlog  engineer.  TncldtHitallr  It  mar  be 
Stated  Uiat  Ur.  Nicholson  undertook  the  Job  after  It  bad  bean 
rejected  as  impossible  by  expert  rlcgers.  We  consider  this  a 
rather  remarkable  Job  of  holstlnK  englnetrinK.  Only  Dn«  man. 
Mr.  Nicholson,  was  a  skilled  man,  all  the  others  beloK  ordloaiy 
laborers  with  no  experience  tn  hoisting  and  rlgglnc.  In  addition 
the  method  of  rlgslns  the  tackle,  using  only  one  line  to  ran  thronsb 
three  sets  of  blocki  on  the  stock  and  one  block  on  the  mast.  Is 
notable.  We  are  Indebted  for  the  information  from  Which  this 
description  has  been  prepared  to  F.  W.  Raymond. 

Cost  of  Cast-Iron  work.* — The  total  weight  of  the  cast-iron 
stairway  trim,  manhole  covera.  etc..  In  the  U.  S.  Gorenunaat 
Printing  Office  at  Washington,  D.  C.,  was  80  tona.  The  total  value 
In  place  was  tSil-IB  per  ton.  The  cost  ot  erection  was  I63.S0  per 
ton.  which  Ib  an  enormously  high  labor  cost,  attributable  to  the  fact 
that  the  work  was  done  by  Oovemment  forces. 

The  wages  paid  per  eight-hour  day  were  as  foUowa : 

Superintendent tE.SB 

.Foremen    t.t6 

Ironworkers    1.46 

Helpers    l.SO 

The  total  weight  of  the  cast-Iron  frames  and  baseboard  In  tbo 
building  was  743,4  tons  of  tbe  total  contract  amounting  to  tlOT,80l 
or  tl4G  per  ton.     The  cost  of  erection  was  practically  |SI  per  tUL 

Cost  of  Shop  Drawings  for  Steel  Work.t— Mr.  R.  H.  Gsse  give* 
the  following: 

The  data  were  gathered  by  the  writer  while  In  charge  of  the 
Drafting  Department  of  A.  Bolter's  Sonsf  Structural  Steel  and  IroB 
Works,  of  Chicago,  111.,  during  the  years  1904,  ISOB  and  I90G. 

The  works  are  divided  Into  three  different  departments,  tba 
Structural  Shop,  the  Architectural  Shop  and  the  Foundry.  Tha 
Structural  Shop  has  a  capacity  of  SOO  tons  per  month.  The  Draft- 
ing Department  employs  on  an  average  seven  or  el^t  engineer* 
All  the  work  is  standardised  with  regard  to  details  to  as  great 
an  eitent  as  possible,  In  order  to  decrease  the  work  In  the  Drafting 
Room,  yet  not  to  such  an  extent  that  It  would  be  difficult  for  the 
shop  men  to  read  the  drawings.  For  example,  all  beam,  steel  and 
cost  Iron  column  connections,  with  the  exception  of  special  ranna. 
are  not  drawn  and  dimensioned  completely,  but  merely  Indicated. 
The  shop  and  drafting  room  have  been  provided  with  a  act  of  the 

*B*Bintering-CoutracUng,  Mar,  18,  1908. 
^Bnpltittring-CcmtraoNnff.  Aug.  28.   I90T. 
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firm'!  atandarda.  which  have  all  these  connections  drawn  out  com- 
pl^tely  with  dlmenelone  and  whtch  give  lUla  of  the  materlaL 

The  data  here  presented  were  taken  from  a  Kreat  variety  of 
work,  such  as  public  and  private  echoal  bulldlncs.  churchei^ 
breweriM,  malt  housea  and  elevators,  grain  bins,  warehouses, 
libraries,  hospttala,  apartment  bulldlnga.  factories  and  numiifac- 
turlnK  plants,  train  sheda.  mill  buildings,  office  bulldlnss;  electric 
llKhtlDK  plants  and  pumping  statlona 

Table  I  shows  the  character  of  the  buildings  and  also  the  average 
coat  of  preparing  the  drawings.  The  cost  of  drafting  material 
and  blae  prints  Is  not  Included.  Where  the  material  for  the  work 
la  to  be  ordered  from  the  mill  and  not  taken  from  stock,  the 
cutting  bills  or  mill  orders  are  taken  as  being  part  of  the  detalla. 
Table  II  (not  reproduced  here)  shows  the  particulars  of  the  build- 
ings from  which  the  data  In  Table  I  were  derived. 

Tablb  I. — Cost  or  Shop  Drawikds. 


per 
Type.     Character  ot  Building;  ton. 

1.  Entire  skeleton  conatructlon,  t.  e.,  loads  all  carried  to  the 

foundation  by  means  of  ateel  columns II.4G 

2.  Interior  portion  aupported  on  steel  columna;  exterior  walls 

carry  noor  loads  and  their  own  weight 1.2S 

3.  Interior  portion  carried  on  cast  iron  columns :  exterior  walls 

support  floor  loads  ns  well  as  their  own  weight 0.T9 

i.  No   columns   and   floor   beams   resting   on   masonry  walls 

throughout   0.8E 

5.  Structure    consisting    mostly    of    roof    trusses    resting    on 

columns     8-*7 

6.  Structure    consisting    mostly    of    roof    trusses    resting   on 

masonry    walls l.iS 

T.  Mill   buliainga i.66 

S.  Flat  one-atory  shop  or  manufacturing  buildings 0.74 

9.  Tipples,  mining  Btruclures  or  other  complicated  atructores..    4.S8 

10.  Malt  or  grain  Tilns  and  hoppers !.4T 

11.  Bemodellng  and  additions  where  moasuremenla  are  necea- 

sary  before  details  can  be  made 1.8T 

There  Is  always  a  noticeable  decrease  In  the  cost  of  details  when 
the  plans  for  the  Iron  work  are  made  and  designed  by  an  engineer 
and  separated  from  tbe  general  plana  On  comparing  the  cost  of 
picking  out  the  structural  steel  and  making  the  shop  drawings  from 
the  architect's  plans  and  the  engineer's  plana.  It  was  found  that  the 
cost  of  the  former  Is  on  an  average  of  35%  higher  than  the  latter. 
Where  the  engineer's  plans  are  made  with  no  dimensions,  with  only 
the  outline  and  sections  given.  It  being  necessary  to  refer  to  the 
general  plans  for  the  location  and  dlmenalona.  there  Is  no  aavtrtg  of 
time,  and  the  detailing  runa  as  high  as  on  the  architect's  plana 

Inaccurate  plans,  where  tlie  draftsman  Is  continually  finding 
errors,  cause  an  Increase  In  the  coat,  as  It  is  necessary  to  wait 
and  refer  the  matter  to  tbe  architect ;  and  In  moat  caaes  be.  In  turn, 
has  to  check  over  bis  plana  before  be  can  settle  the  quaatlon,  all  of 
which  causes  considerable  delay  and  take*  time  that  might  otherwise 
t>e  spent  In  making  the  drawings. 
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The  COM  of  vtructarftl  aUel  det«lU  dapendi  oa  ao  nwiir  Uklngt 
that  It  1b  hard  to  aet  any  fixed  rule  for  detannlnlDK  irtiaX  tbia  cost 
!«.  The  type  of  ihe  buUdlns  1b  the  flret  conddeniUoii ;  then  the 
architect  and  enslneer,  Ihalr  methods  of  drawing  up  their  plans; 
and  finally  the  detailing  draftlns  foice  one  is  obliged   to  depend 

Cost  of  Sheeting  ■  Foundation  Pit  with  Steel  Sheet  Plllns.*~ 
The  old  U.  8.  CuBtom  House  on  Wall  St,  In  New  Tork  City  was 
reoonetructed  in  1S08  for  the  use  of  the  NatlooBl  City  Bank.  The 
old  building  was  four  stories  high  with  heavy  stone  walla  founded. 
on  spread  footings.  In  addition  there  were  on  the  froDt  It  taesty 
Btone  columoB,  12  In  a  row  acroea  the  front  and  4  Inside  the 
entrance.  The  plans  for  reconstruction  Involved  the  ronoval  and  le- 
newai  of  everything  Inside  the  main  walls  which  were  to  be  pre- 
served. The  new  interior  wae  planned  to  be  of  steel  frame  cMtMiuc- 
Cion,  the  foundaUons  for  which  Would  be  some  T  ft.  to  11  ft  below 
the  level  of  the  fooUngs  of  the  old  walls  and  columns. 

The  problem  to  be  solved  was  the  construction  of  the  new  sjid 
deeper  foundatlooa  without  undermining  the  old  footings  or  causing 
any  setltement  which  would  crack  or  otherwise  Injure  the  structurt 
supported  by  these  footlnga.  The  soil  was  a.  mixture  of  clay  and 
sand  containing  many  ID  and  ll-In.  stones.  It  also  carried  consid- 
erable water.  Obviously  careful  precautions  were  under  the  con- 
ditions necessary.  The  plans  adapted  were  to  drive  a  row  of  Vftxa- 
linger  steel  sheeting  all  around  the  interior  of  the  building  about 
12  Ina  from  the  edges  of  the  footings  and  with  Its  top  left  abont 
18  Ins.  higher. 

The  sheeting  used  was  the  Wemllnger  corrugated  double,  consist- 
ing when  driven  of  two  thicknesses  of  3/16-ln.  steel  ^eets;  eadi 
sheet  was  H  Ina  wide  and  14  ft.  long.  The  two  sheets  were  drlveD 
together,  thus  sheeting  a  width  of  II  Ins.  each  driving.  The 
driving  was  done  in  two  steps  or  moves.  The  first  step  was  to  • 
depth  of  S  ft.  and  was  made  with  an  Ingernll-Rand  Type  D  ibeet 
pile  driver.  The  remaining  depth  of  about  1 1  ft.  was  secured  with  a 
Vulcan  No.  S  steam  hammer  having  a  a.OOO-lb  ram.  A  steet  plate 
was  placed  over  the  pile  and  on  It  was  set  a  t-ln.  steel  block  which 
took  the  blow  of  the  ram. 

The  mounting  of  the  drivers  was  noveL  A  IK-ln.  steel  Gable 
was  stretched  horlxontally  along  the  Inside  of  the  old  wall  and  traai 
It  were  suspended  the  two  hammers  and  a  light  taclide  for  handltnl 
the  sheeting.  The  lifter  hamper  was  suvended  on  a  differential 
hoist.  The  Vulcan  hammer  was  suspended  from  a  blodf  operated  by 
a  crab  so  mounted  that  the  tnounting  formed  a  guide  and  preroited 
the  swing  of  the  hammer.  The  msjclmum  span  of  suspending  cable 
used  was  190  ft. 

Inside  the  driven  sheeting  there  was  built  ft  wall  of  concrete. 
Pockets  or  sections  about  10  ft.  wide  were  excavated  so  as  to  lay 
bare  Oie  sheeting  at  regular  Intervals  and  have  a  tumwrtlng  core 
between  each  pair  of  sections     As  soon  OS  the  oxoavatlon  of  each 

•EHglneering-Contraetina,  Oct  IS,  1909. 
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poclcet  had  been  carried  down  about  3  ft.  a  12x1  Z-in.  walinK  Um- 
ber was  Bet  agatDat  the'  sheetlDS  and  braced  t>ack  to  the  rear  and 
bottom  ot  the  pocket.  The  excavation  was  then  carried  down  to  a 
depth  ot  8  or  S  ft.  and  a  w&ll  or  block  of  concrete  was  deposited  In 
the  pocket  asalnBt  the  piling.  After  this  concrete  bad  set  the  core* 
between  pockets  were  excavated  and  In  turn  filled  with  concrete. 
This  completed  a.  concrete  wall  E  fL  thick  entirely  around  the  sheet- 
ing Inside.  The  remaining  excavation  went  on  Inside  this  wall  and 
WB.B  accomplished  with  absolutely  no  disturbance  of  the  old  masonn' 
walls  and  footings. 

The  contractors  for  the  sheeting  were  the  Wemllnger  Steel  Piling 
Co.  of  New  York,  N.  T.    The  cost  of  the  work  to  the  contractors  was 

Rental  of  Plant: 

Boiler  at  t3_per  S-hr.  day I    114.37 

1  IngersolI-RBnd  hammer  at  fl.SO  per  day  I 

} . .       256.3S 
1  Vulcan  hammer  at  ft  per  day  J 

Total  rental 1    SSO.Ta 

Repairs  to  plant ,  ••.•••• 


plant 819.09 

<|H     


Coal  nt  16. 7«  per  net  ton 

Supplies AA.oi 

Labor: 
Driving  1 

House  shorers  at  $3.50  t |l,0g9.!3 

Foreman  at  tI.EO  J 

Unloading  piling  laborers  a\  I2.2S 82.00 

1  englneman  at  fl.GO  \ 113.91 

1  arpman  at  t3.2G      J 

ConitructlnK  and  erecting  plant (E.St 

Total    labor |1,39S.79 

Freight  and  Haulage : 

Freight    t    BM.01 

Hauling  105  tons  of  sheeting 1T9.T6 

Hauling  supplies  and  equipment 38.ie 

Total    I    661.98 

Lteblllty   insurance I      60.77 

Grand  total »8,899.«B 

The  amount  of  sheeting  driven  wa«  018  lln.  ft,  14  ft.  long,  or  8,938 
•q,  ft  Including  the  cost  of  the  aheetlng  not  given  above,  the  cost 
ivaa  10.886  per  >q.  ft.  Bxdustve  oC  frel^t  and  hauling  charges  on 
sheeting,  8613.77,  which  may  be  charged  to  the  cost  of  sheeting 
ready  for  driving,  the  cost  ot  driving  was  12,386.88,  or  10.387  per  sq. 
ft.    The  labor  cost  of  driving  was  I0.14S  per  sq.  fL 

In  further  comment  on  these  costs  the  'Wemllnger  8tee!  Piling 
Co.,  which  furnishes  them  to  us,  writes  as  follows: 

"Tou  will  note  that  the  cost  ot  doing  this  work  was  somewhat 
hlA  which.  In  the  first  place,  la  axplahied  by  the  fitet  that  we  had 
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to  emptor  union  labor  at  hl^  wagea.  Purtherinore  ttio  exiwnse  t^T 
rental  and  repalra  ot  equipment  were  talgher  tbaa  thev  would  luv^ 
been  il  wo  had  been  reEuIarlr  equipped  for  dolnx  tbla  dax*  ol 
woriL.  This  waa,  however,  a  contract  which  we  took  malnlr  tor  the 
purpose  of  Introdudng  and  demonstratlns  our  materlaL  Ton  will 
note  that  we  have  cbarxed  the  entire  cost  of  the  permaoant  plant 
against  this  contract,  the  reason  for  this  being  that  moat  at  the 
plant  was  purchased  e^ieclally  for  this  work.  Another  reasaa  for 
tlie  high  cost  ts  our  own  comparative  Inexperience  and  that  all  the 
labor  employed,  which  In  spite  of  the  I&ct  that  members  of  tbe 
House  Shorertf  Union  were  employed,  proved  rather  Ineffective.  We 
believe  that  conelderlng  the  experience  we  have  now  we  cmiM 
easily  do  the  same  work  for  at  least  25%  less  coat." 

Cost  of  Driving  Steal  Sheet  Piling  for  Cut-ofT  Wall  of  ■  Dam.* — 
Ur.   Carl   P.  Abbott  la  author  of  the  followloe: 

The  conatnictlon  of  a  concrete  dam,  with  tide  gates,  to  teplaca  SB 
old  wooden  dam  on  a  aaJt  marsh  was  comoleted  In  the  sununer  Of 
1906  by  the  Queens  County  Water  Co..  of  Far  Rockaway,  N.  T.  In. 
planning  the  new  work  considerable  thought  was  given  to  the  kind 
of  sheet  piling  that  would  best  answer  the  purpose  of  keoplng  tbe 
water  from  eettlng  underneath  the  dam  and  the  choice  waa  made 
of  steel  sheet  piling  of  the  form  manufactured  by  the  United  Stats* 
Steel  Piling  Co..  of  Chicago.  IlL  Besides  supplying  the  requisite 
water-tight  wall,  this  piling  seemed  likely  to  be  more  durable  and 
more  surely  driven  and  certain  to  add  considerably  to  the  strength  oC 
tbe  structure. 

The  piling  was  driven  lengthwise  of  the  dam  and  In  the  cento', 
and.  as  a  turf  dike  was  carried  from  each  end  ol  the 
to  shore,  the  piling  waa  carried  live  lengths  beyond  tl 
form  a  aort  of  bond  at  the  Junction  of  concrete  and  tutf.  Tber« 
were  two  lengths  of  piling  used,  2E-ft.  and  IS-It. ;  tbe  IG-ft  lengths 
at  each  end  of  the  dam  and  one  length  between  each  gate,  and  the 
IS-fL  lengths  under  the  gates.  The  25-ft.  lengths  were  driven  flush 
with  the  surface  of  the  marsh,  so  the  IS-ft.  lengths  were  driven 
flush  and  then  the  pUe-drlver  was  moved  back  over  the  line  ajod 
the  IS-fL  lengths  run  down  T  ft  further  with  a  lO-tt.  plcc«  used  as 
a  runner  by  bolting  a  couple  of  wrought-lron  plates  on  tbe  lower  md 
to  'hold  It  on  the  pile.  A  half-round  pine  tilling  atrip  Was  used. 
The  material  encountered  waa  about  8  fL  of  turf,  then  3  or  4  ft. 
Of  sand,  then  a  atreak  of  hard  pan  and  then  sand  again,  and  Where 
the  driving  cap  was  used  the  piles  were  not  battered  at  alL  Some 
bids  were  put  In  for  the  driving,  but  as  they  looked  pretty  blgti 
we  decided  to  do  the  work  ourselves. 

We  took  an  old  well  drilling  machine,  and  with  very  little  car- 
penter work  It  made  a  good  pile-driver.  A  l,SOO-lb.  hammer 
waa  uaed  and  a  driving  cap  made  by  the  United  States  Steel  Piling 
Ca  was  also  used  for  most  of  the  work. 

The  driving  gang  usually  consisted  of  three  men.  who  were  taken 
from  the  company's  force  and  were  very  quickly  broken  In.  with 

•Enabuerino-CojitTocting,  Jan.    18.   1907. 
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■om«  «^tr&  men  for  a  Dart  ol  ttie  time  to  haul  the  piles  acroBi  the 
cbannol  from  the  i&llway  track  and  to  move  the  machine  to  the  Job. 
The  coat  ol  driving  given  below  Includes  hauling  the  piles  over  and 
moving  the  machine  to  the  Job.  The  cost  of  moving  the  machine 
away  was  not  Included,  as  the  machine  and  boiler  ware  used  for 
other  purposes  for  some  time  after. 

The  coat  of  labor,  suDplles.  etc.  waa  as  follows: 

days'   labor  at   S2.2B I  4e.OO 

'^   days'    tabor   at    12.10 19.9E 

days'   labor  at   12.00 IT. 00 

>      days'   Inbor  al   {l.To S.EO 

S4      deya'   labor  at  fl.EO El. DO 

Total   kibor  coat 1136.45 

17  days'  use  of  machine  at  (2.00 34.00 

i  tons  coal  at  16,00 10.00 

Superintendence  at  b  per  cent a.OO 

Total  machinery  and   supplies }  53.00 

Orand    total fIsMS 

There  were  BE  plies  each  driven  tB  ft.,  making  a  total  of  1,3TE  llo. 
fL  driven  at  a  cost  of  13.8  cts.  per  ft.  for  the  driving.  As  the  men 
were  InexpeHenced  It  cost  more  to  drive  the  first  few  piles  than 
afterward,  and  It  the  name  number  were  to  be  driven  again  the  cost 
of  driving  would  be  very  much  decreased.  As  a  whole,  the  steel 
piling  was  very  satisfactory  and  easy  to  handle  and  drive,  even 
by  men  not  accustomed  to  that  sort  of  work. 

Cost  of  Steal  Sheet  Piling  for  Coffardsm.*— The  cost  of  140  ated 
sheet  piles  In  place  was  as  follows.  The  piles  were  26  ft.  long, 
driven  to  an  average  penetration  of  22  fL 

The  work  was  done  by  the  U.  8.  Reclamation  Service. 

The  type  of  piling  Is  that  manufactured  by  the  Carnegie  Steel 
Company  for  the  United  States  Bteel  Piling  Co.,  of  Chicago.  The 
piling  cost  at  the  factory  Is  TO  cts.  per  tin.  fL,  and  as  Its  weight  Is 
IS  lbs.  per  running  foot,  the  cost  therefore  wa*  2  cts.  per  lb.  The 
freight  rate  from  the  factory  at  Plltaburg  to  Whalen,  Wyo..  was  tl 
per  100  lbs.,  thus  making  the  total  coat  f.  o.  b.  cars  at  Whalen, 
about  tl-OG  per  Un.  ft 

The  line  of  piles  under  consideration  was  driven  In  August,  1907, 
and  forms  a  part  of  the  south  Bide  of  the  cofferdam  used  In  the 
construction  of  the  concrete  diversion  dam  on  the  North  Platte 
River,  at  the  head  of  the  Interstate  canal.  None  of  the  piles  were 
driven  under  water,  and  the  material  Into  which  they  penetrated 
consists  of  sand  and  coarse  gravel  The  plies  were  dragged  from 
the  railroad  siding  to  the  river  Itank.  and  carried  across  the  river  on 
cables. 

The  pile-driver  outfit  used  was  a.  Udgerwood  single  drum  SO-hpi 
bolstlng  engine  and  a  S.SOO-lb.  hammer,  having  an  average  drop  ot 
8  ft.  When  no  hindrance  occurred  by  accldfnis  to  the  machinery, 
the  average  number  of  plies  driven  per  twelve  hours  waa  i1,  with 
an  exceptionally  high  run  on  August  9  of  29. 

'EntHitcrlng-ContracHiiff,  June  10,  190R. 
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The  regulBT  pUe^rlTlnK  crew  constated  of  m«  for^OMti,  me 
engineer  and  tour  laborera.  E^ach  Of  these  men  received  IB  ctB.  ■■ 
hour  for  hiB  work  except  In  transporting  the  pUea  from  the  i  ■  Hi  mil 
atatlon  to  the  driver,  In  which  case  the  laborers  were  paid  tor  at  tbe 
rate  o(  SG  cts.  an  hour  and  teams  at  the  rate  of  20  ct&  ver  boor. 
The  total  labor  cost  of  unloading  and  moving  tbe  piles  frcMn  the 
railroad  to  the  driver  was  t53.IG.  matting  a  unit  coat  per  IItmtt  foot 
of  pile  of  (O.OIG.  The  total  labor  coat  for  drlvlnx  waa  <19tt.M,  mat- 
InK  a  unit  cost  of  lO.OSZ  per  linear  foot  of  pile. 

Below  are  tabulated  tbe  total  and  unit  costs  of  the  piles  In  plaea 
distributed  under  the  headings  of  plant  deprectaUoo.  lal>ar,  p"- 
terlala  and  suppiiea  The  depreciation  on  the  ensine  whs  about  I'i 
of  its  orlglnaJ  coHt,  while  that  on  the  driver  was  about  S0%  of  Its 
orlglaal  cost.  Including  repairs  made  on  IL  The  charge  for  materials 
caatalns  in  addition  to  the  piling  and  freight  theremi,  fis  worth  of 
wood  miers  used  In  connection  With  the  piling.  The  cbargea  nndiT 
supplies  consiat  of  coal  and  oil  for  the  engine  and  labor  for  carryiv 
drinking  water.     Six  tons  of  coal  were  used,  at  tS.GO  per  ton. 

Unit  cost    Uoltcosi 
Distribution  of  Total         Unit  cost      per  foot    per  foot  of 


per  pile.          of  pile  penetration. 
*  0.4 ■  — 


Plant  depreciation. t      tO.OO  f  0.41S  10.018  tO.OlS 

Labor    343.30  1.T43  O.OCT  0.071 

Materials   3,850.00  27. EOS  l.OGS  1.15* 

Supplies    44.18  0.312  0.012  0.014 

Total     |4,1B7.4B  (29.178  (1.16S  tl.l«I 

Cost  of  Driving  Some  Bteel  Shest  P[llnfl.*-^rhe  work  for  whl;h 
the  costs  are  given  consisted  of  the  construction  of  cotferdBins.  prt- 
limlnorr  to  building  the  substructure  of  a  double  track  bridge  for  the 
Norfolk  ft  Weirtem  Ry.  at  Chlllicothe,  O.,  the  Work  being  ueceast- 
tated  by  e.  change  of  line  at  that  point. 

The  Goaerdams  were  built  of  the  steel  piling  manufactured  bj  the 
U.  S.  steel  Filing  Co.,  of  Cailcago.  the  same  piling  being  reused  for 
the  three  piers.  The  coSerdam  was  16  ft.  x  ti  ft.  and  I5S  pieccB 
of  piling,  18  ft.  in  length,  were  used.  The  plUng  was  driven  to  a 
depth  of  14  ft.  below  water  level,  the  water  being  from  )  ft.  to  ■  ft. 
deep.  The  material  Into  which  the  piles  were  driven  consisted  at 
coarse  gravel  ranging  In  size  from  <4  In.  to  S  Ina  in  diameter.  i 

In  driving  the  piling  for  the  first  cofferdam,  the  piling  was  picked 
up  from  the  shore  by  means  of  a  steam  derrick  and  put  Into  pise*  | 

for  the  pile-driver.     An  ordinary  drop-hammer  pile-driver,   rlgxed  | 

on  a  scow,  and  having  a  2,000-lb.  hammer,  was  used.  I 

The  piling  In  the  Urst  cofferdam  was  driven  In  three  day«  the  | 

crew  and  their  wages  per  10-hr.  day  being  ss  follows: 

t  S.0O  .  I 

-J   derrick S.OO 

Tagman   2.00 

Bnglneer  on  pile  driver t.M  , 

Sli  men  handling  pile  driver  and  boat lO.EO 

Total     t2I.G0  I 

*BitffineeritiffCfmtracUtif,  June  C,  190C.  ' 
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The  total  coat  of  driving  the  lES  piece*  ot  pilbis  was  fTO.EO,  or 
45.2  eta.  per  piece. 

The  iBine  crew  conrtructed  the  next  coSerdain,  Ave  da^s,  however, 
being  conHumed  In  the  work.  The  main  rea.Bon  for  the  dHterence  of 
time  wal  In  the  facilities  for  handling  the  piling'.  In  this  coffer- 
dam the  piling  was  picked  off  the  shore  by  the  derrick,  placed  on  the 
acow  on  which  the  pile-driver  was  rigged,  a.nd  then  taken  to  the  site 
of  the  cofferdam,  where  It  was  placed  In  position  by  (he  driver  In- 
atead  ol  by  the  derrick  a>  In  the  first  case.  The  cost  of  driving  the 
piling  (or  this  cofferdam  was  1117.60. 

The  above  llgxireH  do  not  take  Into  account  fuel  and  plant  rental, 
nor  the  cost  of  braces  and  waling  which  were  used  aa  described 

In  order  to  make  the  cofferdam  ready  for  puniping  out  a  t-ln.  x 
S-iD.  wallns  piece  wae  bolted  to  the  Intide  of  the  sheet  piling  and 
braces  placed  across  from  side  to  aide  at  Intervals  Prom  three 
to  Ave  braces  were  used  along  the  tos.  but  were  used  at  no  other 

We  aro  Indebted  to  Ur.  L.  E.  Sturm.  Railroad  Contractor,  of 
Columbus,  O.,  for  the  Information  in  the  above  article  and  Cor  the 
Illustrations. 

Cost  of  Steel  Sheet  Piling  In  •  Cofferdam  and  in  Caissons.* — 
As  K  is  only  within  the  lust  few  years  that  steel  sheet  piling  has 
come  Into  general  use,  the  experience  of  the  William  P.  Carmlchael 
Co.,  Engineers  and  Contractors,  of  WlUIamspart.  Ind.,  with  this 
form  o(  piling  will  be  of  Interest  to  our  readers.  About  a  year  ago 
this  Arm  purchased  enough  sheet  steel  piling  to  construct  a  coffer- 
dam ot  a  total  perimeter  of  132  ft.  and  a  depth  ol  12^  fL  This 
was  first  used  In  the  construction  of  a  pier  foundation  tor  the 
Wat>ash  B.  R,  In  the  Huron  River,  near  Detroit.  Mich.  The  water 
at  the  point  where  the  pier  waa  to  be  constructed  was  from  6  to 
8  ft  deep.  The  bottom  consisted  of  from  2  to  3  ft.  of  alluvium,  on 
top  of  a  blue  sandy  clay,  partaking  In  a  measure  of  the  nature  of 
auIcKsand.  This  being  the  company's  first  experience  with  steel 
sheet  piling,  they  attempted  to  assemble  the  units  and  complete 
the  l>ox  before  driving.  This  was  finally  done,  but  at  the  expense 
of  a  good  deal  of  unneceasary  labor  and  time.  At  first  It  was 
proposed  to  drive  six  pieces  at  once  by  striking  a  cap  covering  that 
many  piles,  but  It  was  soon  found  that  a  pretty  stiff  blow  from  a 
Z,GOO-lb.  hammer  was  required  to  drive  two  at  a  time.  The  piles 
were  driven   to   a.  depth  of   3   ft.   below   the   proposed  bottom  of 


After  the  piles  were  driven  to  the  required  depth,  an  attempt  was 
made  to  pump  out  the  water  from  the  caisson,  A  C-jn.  centrifugal 
pump  was  used,  but  failed  to  lower  the  water  level  more  than  a  few 
Inches.  An  outer  row  of  2-ln.  wooden  sheet  piling  was  then  driven 
about  G  ft  from  the  steel  box,  and  the  space  filled  with  day  and 
puddled.     This  served  Its  purpose,  for  with  the  exception  of  a  few 

•Bnolneeri«B-Contracllng,  Mbv  9,  1108. 
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leakB,  very  Itltle  water  came  Into  the  calsiBoiL  An  atten^t  «W 
made  to  atop  these  leaks  with  clay,  but  owing  to  the  preoence  of 
sand  in  the  clay,  the  attempt  was  only  partially  successfuL 

The  piles  were  withdrawn  In  practically  as  good  condlUon  as  wbep 
driven,  bo  chat  Che  cost  of  material  was  only  charsed  at  2%  on  ac- 
count of  the  foundation.  Alter  the  Qrst  piece  was  Icioaeiied.  ttw 
piles  In  the  foundation  were  withdrawn  aC  a,  very  amall  cost.  Owins 
to  an  accident  Co  the  foremen,  no  accurate  cost  accQuat  was  kept 
of  this  work. 

The  next  use  of  the  steel  piling  by  this  Arm  was  In  caissons  for 
four  piers  tor  a  highway  bridge  across  the  Wabash  River :  for  thia 


Fig.  S.— Driving  Steel  Plline- 

work  Bomo  excellent  coat  data  are  given  further  on.  Three  of  thesa 
plera  were  upon  an  island.  At  the  time  the  work  was  done  these 
slCes  were  not  covered  by  water.  The  pllea  were  driven  Into  coarM 
sand  and  gravel.  The  plant  used  for  Che  work  eonslated  of  a  HraaU 
land  pile-driver,  having  derrick  and  steam  hoist  for  handling  th« 
hammer,  which  weighed  S.ODO  Iba  A  steel  bound  wood  driving 
head  was  fitted  between  leads  and  was  uaed  to  protect  the  benil  o( 
the  plies  In  driving.  An  lllustradon  of  the  plant  Is  given  In  Fig.  3. 
In  pulling  the  piling.  11  was  often  necessary  to  use  a  pulling  lever 
with  a  4  to  1  purchase,  the  derrick  and  hoist  being  hitched  to  lever. 
On  this  Job  strips  of  wooden  batten  were  used  In  the  batten  or  the 
groove  between  each  two  steel  Piles,  and  In  this  way  the  coKer- 
dam  was  made  practically  watertight     So  much  so.  indeed,   thai 
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Eio   ordinary  diaphragm  pump  would  hav«  handled  all  the  water 
exc^t  for  what  came  up  from  the  bottom  of  die  pic 

The  pUtnK  was  found  to  b«  In  good  condition  after  bflng  pulled, 
only  two  pieces  being  In  bad  shape.  And  those  could  be  tlxed  up 
by  an  ordinary  blaokinnltli  at  a  coat  not  exceeding  one-half  of  the 
value  of  the  pieces. 

Now  as  to  the  coat  of  driving  and  poIllnB  the  piling.  Below  Is 
Btven  the  cost  record  on  the  third  pier.  Work  on  this  was  begun 
Oct  8,  1906,  and  completed  Oct.  11.  The  gang  and  rig  worked  a 
total  of  SB  hours  and  Unlshed  driving  the  piling  In  4H  daya  Some 
daya.  however,  the  gang  worked  for  IS  hours,  as  la  ahown  in  the 
labor  coat  below.  The  wages  of  laborers  were  from  17^  eta  to 
20  eta  per  hour,  depending  upon  proilclency  and  length  of  service. 
The  enctnemen  and  derridcmen  received  2S%  eta  per  hour,  and  the 
foreman  on  the  Job  for  which  the  data  below  are  given  was  paid 
2B  eta  per  hour.  The  low  rate  of  wages  paid  to  the  foreman  Was 
due  to  the  fact  that  he  waa  a  new  man  in  that  poaltlon  and  did  not 
have  to  assume  much  reaponalblllty,  Mr.  M.  C.  Andrews,  of  the  con- 
tracting Arm,  being  [n  cliarge  of  the  work  In  person. 

The  cost  of  driving  and  pulling  was  as  follows: 
Driving: 

Labor    I  93.00 

Use  of  machinery,  fuel,  etc.,  5  days IS. 00 

Total  for  driving 1108.00 

Pulling : 

Idbor    I  50.00 

Use  of  machinery,  fuel,  etc.,  8  daya 10.00 

Total  for  pulling t  60.00 

Aa  130  pilea  were  each  driven  11!^  ft,  or  a  total  o(  1,495  ft.,  thp 
cost  per  foot  of  pile  tor  driving  was  7.£  eta :  the  cost  per  foot  of 
pile  for  pulling  waa  4  eta,  making  the  total  cost  for  driving  and 
pulling  ll.i  eta.  As  Is  shown  In  the  table  below  this  11.2  eta.  also 
a  the  cost  of  straightening  bent  and  warped  pllea  The  labor 
t  of  driving  the  piles  can  be  further  summarized  and  In  the 
n  below  Is  given  the  rate  of  wages  and  the  hours  worked 
each  day  by  the  various  classes  of  labor. 

Labor            Drlv-         Stralghten- 
Bate.                                                    Cost              tng.            Ing  pllea 
Oct.     6 (13. B4  (13.54  


Oct  11 10.08  10.68  . ,.. 

Totals   193.01  181.39  tll.S2 

The  work  accomplished  each  day  was  as  follows;  Oct  6,  drove 
21  piles  and  worked  straightening  bent  piles;  Oct  7,  drove  2G  pile* 
and  (Inlahed  straightening  bent  piles;  Oct  f,  djrove  30  plies;  Oct.  10, 
drove  35  pllea;   Oct  II,  drove  19  pllea 

In  conclusion  we  would  call  especial  attention  to  the  Illustration 
showing  the  plle-drtving  plant     It  will  l>e  noted  thai  the  hammer 
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was  auq>«Dd«d  from  the  boom  of  a  dBnick,  and  that  the  eosloa 
used  to  operate  the  derrick  was  also  used  to  drive  the  plies.  The 
bamnier  is  shomt  outside  the  leads  of  the  pile-driver,  but.  In  drfvtns. 
It  Is  placed  between  the  leads.  In  fact,  the  same  engine  operated 
the  derrick,  shifted  the  driver  from  place  to  place,  placed  the  pile 
In  position  and  handled  the  hammer.  The  fall  was  not  usubUt 
Kreater  that  20  ft.,  and  consequently  very  little  damage  was  done 
to  the  derrick. 

The  steel  plUnK  used  on  the  above  work  was  made  by  tbe  United 
States  Steel  Filing  Co.,  of  Chicago,  111-  We  are  Indebted  to  Ibe 
William  P.  Carmlchael  Co.  for  the  iDformaClon  given  In  tills  anlde. 

Cutting  Off  Steel  Sheet  Piles  with  the  Electric  Arc.*— In  tbe  In- 
teresting paper  on  steel  sheet  piling  by  Mr.  Wm.  A.  F^rgo.  whldi 
was  published  In  our  Issue  of  Hay  1.  1907,  some  data  were  slvoi 
of  the  use  of  the  electric  arc  In  cutting  olT  steel  piles  at  the  New 
HotTman  House  foundation  work  In  New  York  City.  Since  the  pub- 
lication of  this  article  we  have  received  from  Mr.  Frank  C.  Perkloa 
Electrical  Engineer,  of  Buffalo,  N.  T.,  a  photograph  of  the  work  In 
progress,   together  with  a  brief  account  of  the  apparatus  emplaned. 

The  steel  piles  being  cut  are  %  In.  thick  In  the  web  and  3  Ina 
at  the  Interlocking  polnta  It  la  stated  that  the  time  required  in 
burning  the  K'In.  steel  Is  four  minutes  per  foot  and  the  time  taken 
at  the  Interlocking  points  Is  said  to  be  8  minutes. 

The  arc  light  carbon  Is  held  In  a  metal  damp  fastened  to  a 
metallic  rod  and  socket,  which  Is  in  turn  bolted  to  a  long  wooden 
pole,  the  cable  conducting  the  current  being  flexible  and  connected 
to  the  metal  clarap  of  the  carbon  termlnaL  The  steel  to  be  cut  ti 
connected  to  the  other  conductor  from  the  alternating  current  cir- 
cuit As  shown  In  the  Illustration  the  men  are  protected  from  tbe 
extreme  heat  and  terrlflc  glare  by  goggles  and  asbestos  masks  as 
well  as  gloves,  as  It  has  been  found  that  the  carbon  fiunea  pro- 
duced by  the  high  power  electric  arc,  affected  the  lips  and  other 
parts  of  the  face  and  handa 

About  1,200  amperes  are  being  utUlied  at  BO  votts  pressure,  alter- 
nating current  being  employed  stepped  down  to  the  above  voltage 
from  the  high  pressure  service  of  £,£00  votta  Single  phase  altera 
natlng  current  Is  employed,  taken  from  the  street  service  moliM 
thO'  frequency  being  60  cycles  per  second. 

Referring  to  this  work  Mi.  Fargo,  la  his  paper  says:  **rhe  coet 
of  cutting  steet  piling  with  current  at  10  eta  per  kw.  and  the  attend- 
ant at  SO  eta  per  hour.  Is  stated  to  b«  as  follows  per  foot  of  piling 


Cost  of  current ll.M 

Labor  0,40 

Total   iili 

'Engineering-CiHttracling,  June  iS,  1907. 
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This  iB  rather  hlBh,  and  tha  back-aaw  would  probabljr  bs  cheaper. 
However,  with  current  at  say  3  eta.  per  kw.-hour  the  coat  per  foot 
would  be  but  ¥1.17.  Bven  at  thla  rate,  with  labor  competent  to  uae 
»  hack-saw  at  25  eta.  per  hour,  the  saw  would  be  the  cheaper." 

Coat  of  Driving  Steal  Sheet  Piling.* — A  valuable  record  of  ex- 
perience In  drlvlDK  Bteel  sheet  piling  In  hard  soils  was  given  re- 
cently i>r  Mr.  Wm.  A.  Fargo,  CtvU  and  Hydraulic  Enslneer.  of  Jack- 
son, Mich..  In  a,  paper  read  before  the  Michigan  Engineering  Society. 
Through  the  klndneaa  of  Mr.  Fargo  we  have  received  some  addi- 
tional coat  data,  on  steel  sheet  piling  work,  and  these,  with  the 
original  paper,  are  printed  in  the  following  paragraphs: 

Steel  sheet  piling  Is  used  for  purposes  entirely  similar  to  wood 
■beet  piling,  but  Is  much  more  certain  in  results  obtained.  The 
principal  applications  of  steel  sheet  piling  are  as  follows:  <1} 
Cofferdams:  For  building  and  structure  foundations,  Including 
bridge  piers  and  abutmenta.  Also  for  mine  shafts  where  the  piling 
may  be  forced  down  In  tha  manner  of  a  calaaon  or  shield.  (£)  Dams: 
For  the  dam  Itself,  aa  for  low  dama ;  thus  requiring  no  other  coffer- 
dam or  pumping  out  of  the  foundation  pit.  Ah  b  cut-Oft  across  a 
valley  under  a.  dam  or  beneath  a  core  waiL  As  il  permanent  en- 
closing  wall  down  to  an  impervious  stratum  for  the  masonry  atruc- 
ture  o(  the  dam.  or  for  power  house  or  other  building  not  neces- 
sarily part  of  a  dam ;  or  as  a  downHtream  toe  protection  Only, 
(3)  Retaining  Wall:  Temporary  or  permanent  as  required  In 
building  footlnga  cloae  to  an  existing  structure.  This  use  la  essen- 
tially similar  to  the  cofferdam. 

The  types  or  varieties  of  steel  sheet  piling  are  as  follows:  (1) 
Special  rolled  sections,  composed  of  forms  requiring  special  rolls  tor 
producing  the  piling.  If  there  are  return  bends,  or  flanges  trancvprae 
to  the  plane  ol  rolling,  the  piling  must  pass  through  a  aerlea  of  spe- 
cial rolls.  (2)  Built-up  sections.  Vsuaily  built  up  from  sCanOard 
structural  steel  shapes.  These  may  consist  of  single  webs  with 
riveted  Interlocking  members,  or  of  double  parallel  webs  held  in 
relative  poailloD  by  bolts  and  pipe  separators.  The  double-web  sec- 
tions are  usually  driven  alternately  with  single  web  members.  A 
number  of  forms  of  steel  sheet  piling  are  shown  In  Fig.  1.  The  fol- 
lowing points  need  to  Iw  considered  In  selecting  a  design  ot  piling 
for  any  work: 

WateT-Ttehtnett, — In  deep  cofferdams  a  prime  requisite  Is  water- 
tightness.  The  clearance  of  interlock  ot  adjoining  piles  must 
therefore  be  reduced  as  much  as  possible  and  still  allow  of  driving. 
The  clearances  used  on  the  built-up  types  are  from  %-ln.  to  ^-In. 
all  around  the  Interlock.  In  bard  soils  U-ln.  Is  none  too  much.  In 
many  sections  of  piling  over  IE  ft.  or  SO  ft.  long  there  will  be 
found  such  kinks  and  crimps,  partly  the  reault  of  handling  on  and  off 
cars,  that  driving  with  a  tight  Interlock  Is  a  serious  proble.n. 
With  such  a  close  Interlock,  plies  not  true  or  perfect  In  alignment 
often  refuse  to  drive  when  there  Is  encountered  a  stratum  of  Iwrd- 
pan  or  layer  of  small  boulders.    Under  such  conditions  piling  often 

■BntrloaeHn^CoHtroettHp,  May  1,  ISOT. 
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refuses  under  the  li«B.vleat  drop  or  Meam  banuner.  If  drlvlns  1* 
persisted  In  It  will  result  In  tlie  crlppllnc  of  the  pile  either  at  the 
top  or  bottom.  CrlppUnK  at  the  bottom  meana  umally  an  eecap« 
from  the  Interlock  and  a  curvinc  to  one  side  exactly  like  a  clinched 
nail   oicepl   that   the   curve   of  the  clinch  may  have   se\-eTal   feet 


Tlfr    JT 


Fig.    3.— Representative  Steel  Sheet  Pile  Sections. 

Sllffneta. — In  locations  where  there  are  encountered  strata  of  hard 
material  such  bb  often  occur  In  river  vHlleys.  where  the  drift  has 
been  eroded  and  redepoBlted,  the  steel  piling  to  be  a  mccea*  must 
possess  conBlderable  Btlftneas  laterally  to  prevent  crippling-.    There- 
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}  radlua  of  trratlon  of  the  proposed  aeetlon  of 
pfllDK.  It  la  tha  writer's  experience  that  for  hard  driving  the  frae 
or  uneiiKased  cdKe  (see  X  in  No.  3,  Fig.  S)  of  the  pile  being  driven 
aliould  be  of  a  width  (at  right  oiiKlea  to  the  web)  of  one-third  to 
one-half  of  the  width  ot  the  eDBSSod  web  (see  7  In  section  No.  3, 
Fix.  S). 

Methoda  of  Drivfng. — The  friction  of  lonK  lengths  of  iteel  plUns, 
with  their  Inevitable  crimps,  will  make  necessary  a  heavy  hammer. 
My  a  4,tO0-lb.  ram. on  a  steam  rig  or  a  t,0O0-lb.  or  heavier  drop 
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fig.  4.— Cast- 


Bottom    Pl>n 
1  Follower  for  Driving  Stael  Sheet  Piles. 


hammer.  Most  of  the  writer's  eiperlenoe  In  driving  ateel  sheeting 
has  been  with  the  heavlrat  No.  1  Vulcan  Bteam  banuner  (4,600-lb. 
ram)  ;  total  weight  of  hammer  rertlng  on  the  pile,  lO.OOO  lbs.  Theae 
hammers  are  adjusted  to  strike  about  S$  times  per  minute  with 
3^-ft  stroke.  These  large  (No.  1)  Vulcan  hammers  are  prefen 
ably  fitted  with  a  "UcDermld  base"  consisting  of  a  l%-(n.  circular 
Bleel  plate  about  13  Ina  In  diameter.    These  plates  are  allpped  Into 
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a  Blot  In  the  baae  of  the  haminar  houaloK  and  receive  ih«  blow  at  tba 
ram.  The  Wood  strlkliiK  block  or  ciubloa  la  aet  Into  tbe  be&ir 
CBit-lron  follower  on  the  pile  and  project!  up  Into  tbe  aodnN  of  tte 
hammer  houiing  ao  that  the  McDermld  base  plate  resta  directly  en 
the  wood  block.  TheHe  wood  blockg  are  made  about  10  Ina.  lone 
15  Ina.  In  diameter  at  the  center,  and  are  hewed  to  about  II  iB». 
at  top  and  bottom  to  enter  reflectively  the  hammer  boualiv  and 
the  follower. 

In  driving  through  hard  clay  layers,  or  when  the  ptUns  Is  boind 
Bllghtly  by  crimps  In  the  Interlock,  the  blows  of  such  a  hammer  nay 
run  BB  many  as  SO  to  60  to  the  Inch  of  penetration  on  such  drlrlw 
In  hard  driving,  one  or  two  fresh  blocks  per  30-ft.  pile  are  often  n- 
qulred.  The  time  consumed  In  stopping  and  changing  blocks  Is  (itB 
two  to  five  minutes,  provided  the  block  Is  not  badly  split  aoJ 
wedged  In.  It  Is  necessary  to  watch  the  failure  ot  these  bk>cn 
closely,  as  with  a  crushed  or  broomed  block  tbe  efflclency  of  IM 
hammer  Is  very  low.  Therefore  the  blocks  are  removed  as  soflo  u 
they  Bhow  signs  of  failure.  The  crushing  usually  takea  place  towartl 
the  middle  of  the  length  of  the  block,  making  a  hot.  steaming  palp 
of  the  tough  oak  or  maple  flber  for  a  length  of  S  to  G  Ids.  ParUallr 
seasoned  swamp  oak,  rock  maple  and  blue  gum  have  given  the 
writer  tAa  best  service. 

The  form  of  cast-iron  follower  used  with  steel  piling,  and  AowD 
In  Fig.  4.  was  designed  by  the  writer,  and  patterns  are  owned  by 
the  Vulcan  Iron  Works,  Chicago,  III,  and  tbe  Jarvia  E:ngtr,e  A 
Machine  Works,  L.aiislDg,  Mich.  Fig.  S  shows  a  ateel  pile  beliw 
driven,  fitted  with  the  cast-Iron  follower  and  the  qilndle-Aapcd 
follower  block  above  described.  Flat- base  followers  are  aonw- 
tlmes  uaed,  but  do  not  hold  tbe  steel  pile  In  position. 

Frocesa  of  DHvhiB. — In  driving  steel  sheet  piling.  If  the  altenats 
sections  are  light  and  heavy  (that  la  the  heavy  piles  having  double 
webs  or  double  "Z"  bars),  drive  flret  a  heavy  section.  Oo  dowly  and 
take  great  care  to  have  the  Initial  pile  plumb  and  exactly  In  poalUim. 
Then  Interlock  a  light  section  with  the  first  one  driven.  On  bcooobI 
of  time  consumed  In  cutting  oft  steel  sheeting  weighing  SO  Iba  to  n 
lbs.  per  sq.  ft..  It  Is  always  desirable  to  back  the  driver  away  fmi 
the  woric  In  close  quarters  approachhig  a  wall,  or  In  the  end  of  » 
deep  cut  for  a  core  wall,  for  Instance,  this  Is  not  always  practicable. 
In  starting  small  coflerdams,  as  for  piers  or  fo'indatlons  on  build- 
ings where  close  adherence  to  the  line  is  required,  one  of  the 
manufacturers  of  piling  recommends  that  temporary  pilea  atnit 
1  ft.  long  be  driven  and  taken  out  one  at  a  time,  and  the  l<Hig  tdecee 
of  piling  substituted,  thus  Insuring  starting  correctly  with  tlie  long 
piling. 

Borings  In  casings  are  made  along  the  proposed  line  ot  steel  Aeet- 
Ing  at  say  SG-fL  Intervals,  and  the  steel  ordered  to  length  accord- 
ingly. Except  when  encountering  rock,  boulders  or  eitr«nely 
tenacious  hardpan,  the  piles  can  usually  be  driven  to  a  fairly  uni- 
form top  level.  When  the  objective  foundation  soil  or  rock  bottom 
Is  In  an  eroded  river  valley  which  has  again  been  rsHlled  with  drift 
the  hard  bottom  will  frequently  be  covered  wUh  a  generous  numbo 
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of  boulders  which  have  dropped  out  of  the  eroded  material  because 
too  heavy  to  be  washed  down  Htream.  This  boulder  stratum  Is.  of 
course,  quite  irregular  and  not  w>  desirable  a.  material  In  which  to 
terminate  sheet  piling  as  a  eood  cla;  or  slightly  diaintegr&ted  rock 


Pig.  (. — View  Showing  Arrangement  for  Driving  Steel  Sheet  Piles. 

(A)  Bottom  of  Steara  Hammer ;  (B)  Woctden  Block  ;   (C)  Cast 

Iron  Follower;   (D)  Steel  Pile. 

covering  sound  bedrock.  Oflen  too  sound  bedrock  Is  deeply  chan- 
neled and  filled  with  pot  holes,  so  that  piling  may  need  some  cutting 
If  it  cannot  be  allowed  (o  extend  above  grade,  as  Into  concrete 
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The  proceaa  ot  cuttlnx  neel  piling  by  meaaa  o(  Uie  electric  ait 
was  employed  on  Uie  couBtructlon  of  the  foundatloDB  lor  the  New 
Hoffman  House.  Broadway  and  25th  SL,  New  York  City-  The  com 
or  cutting  ateel  piling  with  current  at  10  cts.  per  kw.  uid  the  at- 
tendant at  SO  eta  per  hour,  ta  stated  to  be  as  folloire  per  Coot  of 
piling  cut : 

Coat  of  current I3.S6 

Total    92.36 

Thla  1b  rather  high,  and  the  hack-saw  would  probably  be  chcoper. 
However,  with  current  at  say  S  cts.  per  kw,-hour  the  cost  per  foot 
would  be  but  11.17.  Even  at  IhlB  rale,  with  labor  competent  to  UM 
e.  hack-sow  at  25  cla.  oer  hour,  the  saw  would  be  the  cheaper. 
The  current  used  was  at  GO  volts,  which  naa  stated  to  l>e  more 
aatltfactary  than  either  ZG  Or  lOG  volla.  Tests  showed  GEO  ampem 
consumed  at  [he  arc,  which  at  50  volts  equals  about  S3  kw. 

Boulders. — In  passing  a  line  of  steel  sheeting  around  a  boulder  ot 
large  size,  special  angle  or  bent  piling  sections  are  defl]ra,ble  to 
make  the  departure  from  and  return  to  the  line  as  planned.  Some 
ot  the  types  of  sheeting,  like  the  Qulmby  or  the  United  States,  adapt 
themselves  readily  to  such  changes  of  alignment  without  u>ing 
special  pieces.  Bending  a  K-ln.  or  K-tn.  web  longitudinally  to 
sliort  radius  in  the  field  Is  not  an  easy  matter.  When  using  rigid 
non-reversible  Interlocked  piling  In  quicksand,  and  on  work  ot  such 
character  that  close  water- tightness-  Is  required,  special  comer 
pieces  should  be  kept  on  hand  tor  emergenclea  In  some  soils  It  may 
he  permlsslbla  at  times  to  turn  corners  by  driving  outside  the  L'ller- 
lock  and  tight  against  a  projecting  flange,  placing  the  new  piling 
at  any  angle  required.  Sometimes  It  may  be  feasible  to  All  gaps  and 
nuike  closures  with  Bi>eclally  prepared  squared  wood  plle^  with 
points  beveled  to  make  the  wood  piling  hug  the  steel. 

In  hard  driving  among  stones,  only  a  type  of  piling  ol  great 
stiffness  laterally  and  with  perfect  Interlocking  features  wlU  insure 
success.  On  such  work  there  must  be  no  alternate  unsUlTened  >w- 
tlons  of  piling.  The  Interlock  must  be  perfect  and  confining.  dlfR- 
cult  to  open  up  and  permit  the  escape  of  the  Inside  member.  Cvoi 
with  the  htavlest  and  most  confining  type  of  interlocked  piling  now 
on  the  market  In  this  country,  this  opening  of  Inlerlook  will  aonw 
tlmes  occur  when  boulders  are  encountered.  Small  boulders  In 
gravelly  soils  are  usually  displaced  without  trouble.  SomeiimcB 
the  aid  ot  a  water  Jet  Is  a  help.  ITaually  steel  piling  wUl  drive 
easily  enough  In  ordinary  soils  without  a.  Jet.  In  hard  clays  a  Jet 
Is  not  of  much  assistance  and  Is  very  slow.  Obviously  It  Is  not 
Often  required  to  drive  steel  sheeting  far  Into  hard  claya 

In  driving  four  lines  of  steel  piling  across  the  valley  of  the 
Muskegon  River  In  Mecosta  and  Newaygo  counties,  Michigan,  the 
borings  showed  "floating"  masses  ot  clay  hardpan  sometimes  several 
hundred  feet  across;  and  from  1  ft  to  IS  ft.  thick.  Below  was 
quicksand  before  reaching  a  bed  of  hardpan  continuous  Bnt>aa  th* 
valley  at  a  depth  of  about  30  ft.     Hence  the  necessity  for  driving 
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tbrougb  the  floating  lutrdpan.  (Set  Fig.  t.}  The  hardpan  In 
question  conslswd  of  about  70%  of  bluish  clay  and  30%  of  ^harp 
aand,  well  mixed  and  compacted  by  water  depoaltion  and  pressure, 
to  the  texture  of  froien  soil.  In  this  hardpan  were  stones  from 
gravel  up  to  boulders  of  G  tons  weight.  This  material  cost  %3  per 
cu.  Yd.  to  trench,  and  angular  fragments  would  lie  for  monttu  In 
water  moving  with  a  velocity  of  E  ft.  per  second  without  material 
erosion  or  change  In  form.  This  was  at  the  Big  Rapids  dam  of  the 
Grand  Rapids  A  Muskegon  Power  Co.,  In  190E.  Lubricating  the 
piling  With  grease  before  driving,  and  with  a  stream  of  water 
under  pressure  when  driving,  seemed  to  be  of  no  spcctal  aid  In  (he 
hardpan  mentioned. 

On  the  work  at  the  Big  Rapids  Dam,  above  mentioned,  the  single- 
channel  Frlestoit  piling  frequently  buckled  and  recourse  was  then 
had  to  double  Z-bar  Frlestedl  sections  entirely.  This  piling  with 
two  Z-bars  on  all  pieces  weighs  about  E4  lbs.  per  aq.  f(,,  and  ta 
reduce  the  weight  the  writer  has  had  a  single  Z-bar  riveted  to  every 
channel    Instead    of    using    doubie    Z-bar    channels    exclusively    or 


Pig.  6. — Cross  Section  of  Huikegon  River  at  Big  Rapids  Dam. 


alternating  with  plain  channels.  The  slne^e  Z-bar  to  every  channel 
permits  always  having  the  tree  or  unlnlerlocked  edge  of  the  pile 
being  driven  stiffened  by  a  Z-biir.  On  this  type,  shown  at  No.  3  In 
Fig.  3,  the  writer  has  obtained  a  patent  and  has  used  over  1,000  tone 
with  satisfactory  results.  Nearly  all  of  this  was  driven  Into  hard 
soils.  On  the  Muskegon  River  work  one  carload  was  used  of  a 
^»ectal  rolled  type  of  piling  having  less  radius  of  gyration  than  the 
built-up  types  above  mentioned.  Of  this  piling  tutly  one-half 
buckled ;   It  was  thrown  away  and  replaced  with  the  other  type. 

Pulting  PtUng. — The  manufacturers  of  steel  piling  place  much 
stress  on  the  ability  to  pull  up  the  plies,  but  In  his  experience  In 
hard  soils  the  writer  has  never  l>een  able  to  get  jacks  enou|^  on  a 
piece  of  steel  piling  driven  12  ft.  In  the  ground  to  pull  It  ouL  In 
■oft  river  mud  and  silt,  pulling  with  heavy  tackle  can  be  done. 
Probably  a  hammer  strlklns  upward  blows  In  the  manner  similar  to 
that  used  In  pulling  pipe  casings  from  test  bore  holes  would  be  oper- 
ative except  in  cases  of  badly  crimped  and  bent  piles.  [Note. — Steel 
piles  can  be  pulled  with  stump  pullers,  as  descrllwd  In  the  sectlan  on 
Tlmberworic] 

Cost  of  PlHng.—ln  lots  of  GOO  tons.  EYlestedt  steel  piling  sold  In 
1901  and  lOOB  at  tl.>3  per  100  lbs.  on  cars  at  the  mill ;  this  on 
alternate  double   Z-bar  and   cluumel   and   plain   channel  type.     In 
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Va.y.  190E.  this  t7p«  iold  at  t£.OS.  and  (MS  with  &  Z-bar  o 
channel,   the  additional  price  belnK  on  account  of 
when  every  piece  baa  to  be  riveted.    The  plain  chani 
a  1-ln.  hole  punched  In  the  end  for  UfttoK. 

The  coat  at  driving  per  lln.  ft.  at  plUns  13U  ina.  net  width,  with 
a  ateam  hammer,  on  the  Muakeson  River  work  above  mentioned  rzn 
from  T>4  ct9.  to  20  eta  per  aq.  ft  In  place;  labor  at  SO  eta.  per  boor; 
foreman.  2i  eta  The  7%  ets.  cost  was  on  land  In  sand  and  srarei 
with  some  clay  strata ;  piling  20  to  40  ft.  long.  The  average 
amount  of  piling  driven  [>er  hour  In  (airly  ipxii  ground  la  40  to  it 
lEn.  ft.,  or  400  Co  BOO  lln.  ft.  per  day  of  10  boura,  including  itK 
time  of  moving  the  pile  driver.  In  general  the  coat  per  aq.  ft  tot 
driving  steel  sheeting  la  25%   less  than  for  driving  wood. 

Bpllcina  Piling.— The  longest  single  lengths  driven'  on  the  writer'* 
work  was  44  ft.,  but  apllced  lengths  up  to  5S  ft.  have  be«n  succeas- 
fully  used.  In  doing  spliced  work  It  Is  not  nacesaary  actually  to  bolt 
or  rivet  Che  splices,  the  procedure  being  to  use  two  lengtlia  ao  sa 
to  break  Joints  In  the  Interlock.  For  &3-ft.  piling,  suppoae  we  osa 
SS-(t.  and  Z2-(t.  lengtha:  First  drive  the  36-ft.  piece  down,  then 
move  thick  and  drive  a.  24-rt.  pile  down  within  a  foot  of  the  top  of 
the  S6-It.  piece;  now  move  forward  and  aet  a  aecond  2!-ft.  plere 
on  top  of  the  llrst  36-rt  piece  and  drive  both  down  to  fuU  depth. 
Now  move  back  past  the  24-ft.  pile  and  drive  a  IS-ft  piece  in  No.  I 
poaitlon ;  then  a  32-ft  piece  on  top  of  the  24-(L  piece.  By  moving 
hack  and  forth  so  aa  not  to  lose  the  Interlock  below  gnnind  (mly 
two  different  lengths  are  required. 

SurPLaMENTART     DATA. 

In  addition  to  the  coat  given  [ibove  In  the  ortglDal  pa(>er  tbe 
author  furnishes  us  some  figures  of  the  comparative  cost  of  op^'- 
atlng  pile  drivers  by  electric  hoist  and  by  steam  lK>l>t,  and  ala> 
further  flgurea  of  the  coat  of  aheet  pile  driving.  Ttieae  flgures  we 
give  below. 

Coat  of  Operattng  Pila-IMver». — The  following  figures  Aow  tb» 
relative  cost  of  operating  two  a.OOO-Ib.  drop-hammer  ptle-drtv«& 
one  equipped  with  electric  holat  and  the  other  with  st««lil  boiat 
These  drivera  had  3S-ft  leads  and  worked  aide  by  aide  under  UM 
aame  conditions  on  round  piling  In  sand  and  clay: 

Dairra  with  Elbctbic  Hoist. 

One  foreman,   at   tS t  J.0« 

Six  helpers,   at  12 12.04 

One  team  delivering  at  ^  day  at  11 t.OO 

Interest     on     investment    at     6%     (100     day' 

service)    1.00 

Depredation   1.00 

Superintendence   and    enBlneerlng 1.00 

Power 7. 2.00 

Total   tU.M 

In  ihia  driver  the  hammer  was  returned  In  the  leads  al  a.  apaad 
of  250  ft.  per  mines 
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Dbitms  with  SntAu  Hoist. 


Interest     on     Investmenf    aX     5%      (100    days' 

service)    

Depreciation   

SuperlDtendence  and  englneerlllK 

Fuel,   U  ton  coal,  at  *4 

Total    »2B.OO 

■In  thia  driver  the  hammer  was  returned  In  the  leads  at  a,  speed  of 
3E0  It.  per  minute- 
It  will  be  noted  that  the  electric  hoist  used  was  of  considerably 
slower  rope  speed  than  was  the  ateam  hoIsC  Mr.  Far^o  notes  that 
had  the  speed  of  the  electric  hoist  been  bb  great  a«  tliat  oF  (he 
steam  hoist  It  would  have  shown  a.  lower  cost  record  per  lineal  toot 
of  pflinK  driven  on  account  of  one  less  man  at  lower  pay  operating 
It-  He  states  that  any  ordinarily  bright  man  can  be  taught  to  oper- 
ate an  electric  hoist  In  a,  day's  time,  but  that  a  steam  rig  takes  two 
men  of  more  experience. 

Cost  of  Drivlnp  Ste*I  Sheetitiff  uriHi  Steam  Hammer. — The  follow- 
InK  Sgures  show  the  cost  per  lineal  foot  of  driving  steel  sheet  pIllnK 
In  clay  and  sand,  using  a  Vulcan  eteam  hammer,  with  a.  4,G00>1b. 
ram  and  a  total  weight  on  the  pile  of  10.000  lbs.  The  driver  had 
ee-It  leadB.  The  flgurea  are  for  a  lO-hour  working  day. 
Cost  or  Opebattko  DniraR. 

One  foreman,  at  13 t  3.00 

Four  helpers,  at  fi 8.00 


helpers 


l.TE 


service)    

Depreciation   

Superintendence   and    engineering. . 
Fuel,  1  ton  coal,  at  f  4 


Total    $!T.2E 

The  steel  piling,  conslstlDg  of  one  15-ln.  channel  and  one  special 
Z-bar  as  shown  In  sketch  3.  Fig.  1,  weighed  3B  Iba  per  lln.  ft.  and 
cost  delivered  Z.38G  cts.  per  lb.  The  record  for  IE  days'  driving,  S 
days  of  fairly  dlfllcult  work  In  strong  soil  and  S  days  of  fairly  easy 
driving  m  sandy  soil,  was  <,400  lln.  ft.,  or  400  lln.  fL,  or  IS, ZOO  Iba. 
per  day.    We  can  now  sununarlte  as  follows: 

Item.  Per  day.     Per  Un.  ft 

1E,Z0B  lbs.,  at  S.38EC tSEZ.GZ  (0.3063 

UnloadInK  from  cars,  at  He  per  lb.. .      Tfi.OO  0.1UOO 

Operating  steam  bammer Z7.ZG  O.OSEZ 

Total    (486.77  11.1146 


17*2  HANDBOOK  OP  COST  DATA, 

Cart  af  ciaanlna  Btaal  by  Sand  BiMf  «nd  PaintinB  tor  Csb- 
praiMd  Air— Dr.  De  Witt  C  Webb  kIvm  tba  AiUowlns: 

At  tbe  U.  a.  Nava]  Station,  Key  West,  Fla.,  are  two  larse  tttA 
cmU  abed*  whoae  vertical  aide  valla  are  compoaad  ol  14 -In.  MhI 
plateo,  and  are  (ram  II  to  20  ft.  hUch.  The  acUon  of  beat  and  tm- 
pnrttlea  In  tbe  coal,  combined  with  that  of  the  larse  quantltlea  of 
■alt  water  used  (or  eitlnKUlablng:  epontaneouB  combuatlon  Cm 
rapidly  corrodes  the  Interior  steel  work  snd  neceesltntes  Iti  Uur- 
ou^  cleaning  and  painting  every  time  tbe  eheda  are  eiapUed. 

Shortly  aner  the  writer  was  detailed  to  this  statloD  bla  atuatM 
waa  attracted  to  this  subject,  and  he  concluded  that  tlie  uae  ot  * 
portable  sand  blast  cleanlnK  and  spray  painting  outfit  would  L«  Ten 
Advantageous  In  point  ot  efficiency  and  time  u  well  as  coat.  TO) 
Idea  meeting  with  the  approval  of  the  Bureau  d{  Yards  and  DocU 
the  (ollowlng  outfit  was  purchased,  at  a  cost  of  t2,0R0.  delivered  at 
the  naval  station : 

1  lurliontal  gasoline  enKiae.  about  20  hp. 

1  air  compreBBOr,  capacity  about  90  (t.  of  free  air  per  miaul* 
compressed  to  a  pressure  of  SO  lbs.  per  aq.  in.  Li  one  ■(><<> 
belt  connected  to  engine. 
1  rolary  circulating  pump,  belt  connected  to  engine. 
1  galvanized  sleel  water  tank. 
1  air  receiver,  IS  x  G4  Ins. 

<The  above  apparatus  was  all  mounted  on  a  steel  ftsmed 
wagon  with  wooden  housing.) 
i  sand  hlaxt  machines,  capacity  I  cu.  ft  of  sand  each. 
1  paint   spraying   machines^   one   a   hand   machine   of    ^   ei- 
capaclty  (or  one  operator,  tbe  other  of  10  gala,  capacity  fw 
two  operators. 
100  lln.  ft.  of  sand  t>last  hose. 

too  lln.  ft.  of  pneumatic  hose  for  sand  blast  machlaaa. 
100  lln.  (t.  of  pneumatic  hose  for  painting  machlnea. 
100  lln.  ft.  of  air  and  paint  boss  for  painting  machine*. 

4  khaki  helmets,  with  mica-covered  openings  for  tlie  eyaa. 
100  lln.  (L  ot  2-In.  galvanised  iron  pipe. 

Previously  to  the  delivery  ot  this  matarlsl  shed  "A"  had  bMa 
emptied  of  coal  and  the  work  of  cleaning  tlie  Inside  aurfac«  c(  tb* 
vbII  platea  was  begun  by  hand  In  the  usual  manner.  About  7,l>M 
aq.  ft  out  of  a  total  of  9.000  were  thus  cleaned  at  a  coat  of  allgbUT 
over  4  cts.  per  sq.  ft.  On  the  arrival  o(  the  sand  blast  outfit  tbs 
hand  work  was  stopped  and  after  a  short  preliminary  trial  lb* 
machine  cleaning  was  started.  Tbe  work  proceeded '  rather  slowly 
until  the  men  became  accustomed  to  It.  yet  the  2,000  sq.  ft.  ot 
previously  untouched  surface  was  thoroughly  cleaned  and  the  T.OH  I 
sq.  (t.  of  hand  cleaning  was  alt  gone  over  and  much  Improvad  at  s 
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KaBoUoe  o(  IIS.IG.    The  forc« 

1  «iiglii»  tander f  S-Oi 

1  helper    (In   ch^xa  ol   Ul«   Work   and   tending 


Total   ttO.B< 

FVom  10  to  IE  BHJa  of  gnBOlIne  were  required  per  day  at  9  bouro 
(costing  19  ctB.  per  gal.  haru). 

For  the  painting  the  coal  tar  paint  originated  by  Civil  Englaeer  A, 
C.  CTunnlngham,  U.  S.  N.,  was  ueed.  This  paint  noH  prepared  With 
the  (ollowlng  proportlona  (by  volume)  :  Coal  tar,  i  parts;  keroaene 
oil,  1 1   Portland  cement,  1. 

The  Portland  cement  wae  tlrM  well  atlrred  Into  the  kerosene  oil, 
formlns  a  creamy  mixture;  this  mixture  was  then  carefully  stirred 
Into  the  coal  tar.  It  was  freslily  mixed  as  needed  and  kept  well 
stirred.  The  cost  of  this  paint  at  Key  West  Is  about  IE  eta  per  gal. 
It  was  found  not  to  be  so  well  suited  to  the  pneumatic  spraying 
machine  as  oil  paint,  but  worked  very  well ;  though,  of  eourae^ 
the  machine  used  considBrably  more  than  hand  worlc  In  all.  on  this 
shed,  S4^  gala  of  paint  were  reQUlred  for  9,000  sq.  ft.,  or  about 
1  gal.  to  140  sq.  fL  The  force  used  In  painting  was  the  same  as  bi 
cleaning,  with  the  addition  of  a  laborer,  who  followed  up  the  paint- 
ers with  a  long  handled  brush  and  spread  the  paint  uniformly.  The 
cost  of  painting  this  shed  was:  For  labor.  |28,16  ;  for  gasoline^ 
<a.BO. 

On  shed  "B"  a  total  area  of  12,500  sq.  ft  was  cleaned  and 
painted  This  steel  work  was  covered  with  a  scale  nearly  \i  In. 
thick  and  was  deeply  pitted.  The  scale  and  rust  were  very  tough 
and  extremely  hard  to  remove.  On  this  work  It  was  (ound  econom- 
ical to  keep  men  ahead  of  the  sand  blast  with  sledges,  loosening 
and  shaking  oH  as  much  of  the  scale  as  possible.  The  labor  coat 
of  the  whole  work  on  this  shed  (cleaning  and  painting)  was  t4SII, 
Including  the  cost  of  moving,  setting  up  and  removing.  Gasoline  cost 
tSl.  A  total  of  SB  gallons  of  coal  tar  paint  was  used,  covering 
about  146  sq.  ft  per  gaL  Total  cost  of  labor,  fuel  and  paint,  $GIi3.30, 
or  4.1  eta  per  sq.  ft  It  la  impossible  to  separate  the  cost  of  clean- 
ing and  painting  on  this  work,  as  only  amaii  areas  are  painted  at  one 
time,  the  painting  being  done  by  one  o|>erator.  the  other  working  the 
Band  hlasL  This  was  done  in  order  to  expose  the  cleaned  steel  to 
the  atmosphere  for  as  short  a.  time  as  possible. 

A  tine  silica  saijd  was  used,  that  being  the  only  kind  avallabla 
except  coral  sond,  which  was  tried,  but  found  to  be  too  soft-  A 
coarse  sand  would  probably  have  been  more  eRectlve.  The  sand 
was  all  saved,  dried  and  re-used  several  times.  Atiout  H  cu.  yd.  o( 
fresh  sand  was  required  daily.  The  sand  must  be  kept  i>erfectly  dry 
for  this  purpose,  and  there  are  patent  Band  driers  manufactured. 
Very  good  results  were  obtained  on  this  work,  however,  by  the  uaa 
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of  a  rtiMt  ot  boiler  plate  set  up  on  bricks  with  a  wooa  Are  under- 

No  claims  are  inads  ot  eitreme  economy  In  tlie  above  inwfc- 
The  extremely  thick  and  tough  scale  to  bo  remoTod,  the  fal^  fciel 
and  labor  coat  irf  compreaalnE  air  simply  for  this  'wotit,  and  (profc- 
ably>  the  lack  o(  the  bent  kind  of  sand  for  the  purpose,  ctunbbwd  it 
make  the  work  e^tpensive.  With  thcK  drawbacka  It  w«at  liowenr. 
considerably  cheaper  than  hand  work  and,  what  Is  mora  important 
the  cleaning  was  much  more  effective  and  thorough  than  could  no*- 
slbly  have  been  done  by  hand. 


SECTION   XIV. 
ENGINEERING  AND  SURVEYS. 

Ca*t  of  EngtnMrtng. — Wh«D  work  la  done  by  contract,  englDeer- 
liiK  coMa  tram  3  to  10%  of  the  total  cost  of  conEtructlon.  Tbla  In- 
cludes nirveys.  plans,  eatlmates  and  Ineiwctlon  durln;;  construction. 
The  major  part  of  tills  cost  Is  usually  the  siTpervlsion  and  Inspec' 
tlon  of  the  contractor's  work.  Hence,  If  the  Job  Is  snijtl.  and  If  Che 
work  dra^s,  the  cost  of  ensineerltiK  will  approach,  or  even  exceed, 
10%. 

ThroUEhout  this  book  are  given  actual  records  of  thp  cost  of  eogi- 
n«erlDK,  for  which  consult  the  Index  under  "BnnlTieerLnK." 

Englnesrlng   Charges   Tor  Services.' — The  followIuK  Information 
as  to  the  minimum  charges  for  engineers'  services  in  Iowa,  was  col- 
lected by  the  Secretary  of  the  Iowa  SoKlneerlnK  Society  and  printed 
In  the  Proceedings  of  the  Zlst  annual  meetInK  o(  the  society; 
Expert  Services ; 

One  day (50.00 

Each  additional  day t6.9» 

ESipert  teatlmony,  per  day 60.00 

SwVlces  of   hydraulic  or  sanitary   engineer    In   examinations, 

reports,   estlmatca,   per  day S6.40 

Construction  engineers  and  detail  work,  per  day 10.00 

Special   rates   for  corps  of   enslneerH  and   inspectors  to    lake 

charge  of  work  according  to  Importance  ajid  degree  of  skill 

required. 

Citv  Survevt  and  Oeneral  City  Work: 

Field  and  offlco  work,  per  day  of  8  hours 8.00 

Plrat  assistant,  per  day  of  8  hours f.OO 

Second  assistant,  per  day  of  S  hours £.40 

Time  taken  going  to  and  returning  from  survey  to  be  included 

In  above  S  hours.     Not  less  than  half  a  day  to  be  charged. 

Surveys  of  slngte  city  lots,  not  less  than S.OO 

Unless  previous  surveys  have  been   made  of  adjoining  lots  In 

same    plan,    then G.OO 

No  description  to  be  drawn  for  less  than 1.00 

No  charge  to  be  less  than l.OO 

Laying  out  of  additions  of  not  leas  than  20  acres,  tl-00  per  lot.  to 

Include  working  plats  and  plat  for  record:    but  owner  must  fur- 
nish the  design  of  plat  or  else  pay  engineer  tor  lime  consumed 

In  determining  method  of  division. 
All   expenses,   such  as  railway  fare,  hotel  expenses,  conveyances  Of 

any  kind,  pests,  monuments,  are  to  be  charged  for  as  extra. 
Cimntv  Land  Bttrveyt  bji  Count]/  Svniei/or: 
Fees  prescribed   by  law.     Surveyor,   GO  els,   per  hour;    asalstant^ 

20  cla  per  liour.     All  expenses  are  allowed  and  charged  for  as 
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There  seems  to  be  doubt  a>  to  what  conBtltutea  a.  day  for  a  Comttr 
Surveyor,  but,  as  the  law  prescrtbea  S  hours  in  oouniy  road  wnrit 
and  var[ou>  other  service.  It  la  safe  to  say  that  8  boura  is  a  le^ 
day,  and  It  h&a  been  held  so  In  the  courts. 

Cost  of  Engineering  on  City  work-^DurlnK  the  rears  IHI  ts 
190S,  toine  t2.133.0OD  were  spent  for  sewers.  watei-irorkB  and  pan- 
inents  In  Salt  I^ke  City,  Utah,  and  the  englneeriDB  cost  4.S%  of  ibti 
amount. 

Coat  of  Englnaaring  In  Rsservotr  Construction.* — Od  th«  bat 
Branch,  the  Carmel,  the  Tltlcus  and  the  Jerome  Park  reserroW 
for  New  York  City,  the  cost  of  englnecrlns  averaged  10%  of  the  cod- 
Btructlon  cost  of  19.532.000.  This  enelneerlnK  Includaa  all  mrwTii 
test  borlnRS.  designs  and  Inspection.  However.  10%  la  a  rery  Ufk 
percentage  of  cost  for  work  of  ouch  magnitude. 

Ratlona  for  Men  Camping. — In  the  rutea  (or  a  raUiray  localMs 
prepared  by  McHcnry  for  surveying  parties  on  the  Northem  PaiHftF 
Ry.,  the  following  list  of  rations  and  supplies  la  given :  The  toot 
Is  BUIBclent  to  support  11  men  st  least  30  daya 

400 


bs.  tapioca. 
bs.  barley. 


I.  baking  powder. 
A  lus.  soda. 
IS  packages  ytaat  cakea 
lEO  lbs.  sugar. 
£0  lbs.  sau: 
SO  lbs.  coftse. 
10  lbs.  tea. 
E  gala  syrup. 
1  gBl.   vinegar. 
400  lbs.  potatoea 
GO  Iba  beana 
20  Iba  onlona 
Z  cases  (24  qta)  tomato. 


I  case  ^errlea. 
t  cnses  TH>achea 
t  case  milk. 
1  case  coal  oil. 
I  Iba.  mustard. 


1  bottle  va 

E  bottles  picklea 
"  """"tlea  cataup. 

ties  Worcester  aatica 

Iba  bacon. 
Iba  dried  beef. 


i  box  ralalna 


IZ  boxes  mateli«*i 


The  total  net  weight  of  food  In  Ehia  list  Is  about  1,100  Iba,  or 
about  E  Iba  of  food  per  man  per  day.  on  the  bula  of  410  man-daya 
This  Is  certainly  ample.  In  fact  men  can  live  on  much  less  it  con- 
centrated food  that  swells  on  cooking  Is  used.    The  frilowlng  I*  ■ 

'BKBlnetrlnff-Cantraeting.  July  8,  If'f 
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Oatmeal    

Rice   

Beans  (dried)   . 


Condensed  milk   . 


lb* 

0.8S  lb. 

lb* 

0.21  lb. 

0.H  lb. 

Iba 

0,27  lb. 

lbs. 

0.«0  lb. 

lb. 

0.03  lb. 

0.07  lb. 

lbs. 

0.33  lb. 

lb. 

0.03  lb. 

lb* 

0.07  lb. 

lb. 

O.01  lb. 

0.07  lb. 

lb. 

0.01  lb. 

Total 


79  11 


2.63  Ib«L 


This  list  fumlshes  0,23  lb,  nltrogenoua  food,  D.30  lb.  faL,  asd  1.30 
lbs.  BtBrch  and  sugar  [Mr  maD  per  day.  Dr.  Pavy  fBncyclopedla 
Brltannlca)  states  that  a.  laborer  requires  dally  0.2S  lb.  nitrogenous 
food,  D.IO  lb.  fat,  and  1.18  lbs.  starch  and  sufrar  (carbotiydratea). 
I(  the  trip  Is  to  be  a  long:  one,  IK  okb.  of  Juice  of  Umo  per  man  per 
day  should  b«  taken  to  prevent  scurvy,  unless  potatoes  can  be  car- 
ried alonE. 

F.  W.  D.  Holbrook,  In  Jour.  Assoc.  Eng.  Soc.,  18S3.  p.  ISO,  gives 
the  following  rattons  tor  20  men  for  1!  days,  where  all  food  has  to 
be  packed  on  the  backs  of  men   (1,400  lbs.  of  food  far  244  roan- 


12  bottles  prepared  mustard. 


25  Iba  b 

170  1 


0  Iba  granulated  d 


I.  hnm. 
75  lbs.  canned  CDmbecf. 
GO  lbs.  mess  pork, 
too  Iba  flour, 
26  Iba  dried  applea 
2G  lbs.  dried  peachea 
SO  lbs.  pninea 
2G  Iba  ralslna 
10  lbs.  currants. 
12  lbs.  bakiuB  powder. 
10  lbs.  salt. 


n  sugar  for  syrup. 


ED  Iba   t 

ID  11 

IS  Iba  coffee. 

70  Iba  beana. 

2S  Iha  rice. 

%  lb.  ground  pepper. 

K  lb,  ground  ginger. 

1  lb.  ground  cinnamon. 
12  Iba  soap. 
IS  lbs.  candles. 

e  boxes  matches  (300  In  box). 


r  inuatard. 
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100  lbs.  freih  meat,  IncludiiiK  flih  and  poultry. 
>0  Ibi.  cured  meal,  canned  maat.  or  cbeeaa. 
IB  lb*,  lard. 

SO  Ib«.  flour,  bread  or  craclcera 
IE  lb*,  commeat.  cereals,  macBroni,  ngo  or  comMandL 

G  Iba.  baking  powder  or  yeaat  cakea. 
40  Iba  sugar. 

1  saL  molaasea. 
It  lbs.  coffee. 

2  lbs.  tea  or  cocoa. 
10  cans  condensed  milk,  or  EO  tit*,  tredi  milk. 
10  Iba  butter. 

10  IbH.  dried  fruit,  or  100  lbs.  fresh  frvlU 
20  Ibi.  rice  or  beans. 

100  lbs.  potatoes  or  other  Treah  veKetables. 

to  cans  o(  vegetables  or  fruit. 

4  Dis.  spices. 

4  oiB.  flavoring 

3  qtB.  plcklea 
1  qL  vinegar. 

4  lbs.  salt. 

Eggs  may  tte  substituted  tor  fresh  meat  in  tbe  ratio  of  S  eggs  t<* 
1  lb.  of  meat.  Fresh  meat  and  cured  meat  may  be  IntercbMiged  on 
the  basis  of  G  lbs.  of  fresh  for  2  Iba  of  cured.  Dried  vccetaNas 
may  be  substituted  for  treab  vegetables  In  ths  ratio  of  3  Iba.  of  tr«* 
for  1  lb.  of  dried. 

This  ration  weighs  E.I  Iba  per  day  per  man,  and  It  coots  about 
EO  eta.  per  day  per  man.  The  lUt  was  based  originally  on  tbe 
U.  a.  nrmy  ration,  but  has  received  eoms  modlQcatioiis  dictated  by 
experience. 

Cost  of  Rations,  U>  S.  neclamstlon  ftsrvlce.* — From  tbe  annoal 
report  of  the  U.  B.  Reclamation  Service  for  1904-S,  the  cost  tf 
rations  for  the  employes  of  that  tK>dy,  engaged  on  seversJ  of  tte 
reclamation  projects,  were  from  40  to  80  eta  per  man  per  day,  avar- 
aglng  about  GE  cts. 

Equipment  For  and  Cost  of  Railroad  6urveys.~Ur.  F.  Lavla  In 
his  admirable  book  on  "Railroad  Location,  Surveys  and  BstlmateK" 
has  given  valuable  Information  on  railway  surveying  and  e 
from  which  the  following  data,  have  been  abstracted; 

The  following  Is  a  list  of  the  camp  outfit: 
t  office  tent  with  fly,  14  x  IS  fL     2  draflhig  and  ofBce  t 
S  tents.  14x18  fl.  t  camp  chairs. 

I  cook  tent,   16  x  20  ft.  Map    Chest    with 

tlonery,  paper,  ete. 

*E»gl»etring-Contrw!tl)iff,  Oct.  14,  1)06. 
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DiNiKa  Tabu 

>  itatxt  as*ite  Wfu«  dinner  platea. 

3  down  acate  ware  cupa. 

I  doien  asste  ware  saucerH. 

lU  dOMD  steel  knivea 

a  H  dOMn  steel  lorks. 

2U   doien  Oerman  silver  teaBpoona. 

lU  doien  QenUHJi  silver   dea«ert   spoon*. 

1  aoien  GeTinan  silver  tablcspoona 

JA  doien  tin  salt  boxes. 

U  doien  tin  pepper  boxea 

U  dozen  round  SKate  ware  pana,  2  qt. 

U  doien  round  agate  ware  pans.  1  qt. 

1  doien  round  agate  wure  pans,  l  pt. 

1  carvInK  knife  and  fork. 

T  yds.  oilcloth,  4S  Ins.  wide. 

S  standard  trestles. 

S  boards,  12  by  IM  Ins.  by  18  It.   (dreased). 

COOKINO    UTKNHILa. 


8 -hole,    wrought-lron 


large  frying  pans- 


large  meat  forka 
chopping  knife. 


S-gaL     tin     bread    pan    with 


small  frying  pan. 

griddles. 

tin    pans    with    co 


1  nutmeg  grater. 

1   coffee  mill. 

1  spring  balance. 

I  galvanized  Iron  bucket*. 

E  tin   dippers    (one   for   each   tent 

and  two  In  cook  tent). 
S  can  opener*. 
I  corkscrew, 
I  broom. 

I  scrubbing  brush. 
I  alarm  clock. 
I  (able  <same  as  drafting  tables). 


MlBCBLl,AltBOOB. 

Vt  doien  Dleti  lantern*. 

2  large  galvaniied-lron  washtubs. 

1  washboard. 

1  Blbley   stoves    (4   lengths  of  pipe  with  damper%    It   lengths  of 

plain  pipe). 
a  water  kegs.  2  gala  each. 
S  washbasins. 


grindBtone  and  Dttlng*. 
monkey  wrench. 
pick. 

short  crowbar, 
hand-saw. 


4  chopplng-axea. 

U  dozen  axe  handlea. 

1  bundle  sail  twine. 

K   doten  sail  needle*. 

1  sail  palm. 

10  a**orted  ilies  wire  nail*. 

lOD  ft  nuuilla  rope,   %-ln. 


J 
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Ldnch  Box. 

1  doMn  agate  ware  dinner  platea. 

2  doxen  acate  ware  aaucera, 
lU  doien  iteel  knives. 

IH  dcaen  atael  forks. 
I H  doien  Oerman  silver  teaspoons. 
IH  doien  Oernian   itilver  deaaert  apoona. 
1  2-Kal.  cotleepot 

Each  locating  partr  was  organized  as  follows: 

liOcatEng  engineer   f  ICO  t«  tlTt 

AsslaCant  locating  engineer li:  to   HE 

TranalUnan    98  to    IM 

Level«r    S»  to      » 

Draltaman    St  to      9C 

Topographers,  two"   tO  to     It 

Rodman    SO 

Head  chalnman  SI 

Rear  chalnman 40 

Tapeman,  two*   ID 

Back  nagman 10 

Stake  marker 10 

Axemen  (three  to  Ave  as  necessary) 15  to     >• 

Cook    50 

Cook's  helper 10 

Double  teams  and  driver,  fumtah  their  own  feed,  driver 

board  In  camp SE  to      )0 


Eacti  man  was  supplied  by  the  company  with  > 
In  camp,  but  waa  required  to  provide  hImseU  with  an  army  cot 
and  sufficient  bedding,  and  advised  to  provide  a  subBtanllal  cannw 
covering  for  tho  latter,  an  ordinary  wagon  cover,  costing  from  IS  to 
IS,  being  the  most  easily  obtainable  and  most  aatlsfactory. 

Moat  of  the  lines  ran  through  a  rather  badly  broken  up,  rolling 
country  <IndlBn  Territory,  Oklahoma  and  Texas),  with  short  rrii— 
drainage,  about  TG%  being  wooded.  Topography  was  taken  SOO  ft. 
on  each  side  of  the  line,  a  hand  level  and  rod  t>elng  used,  dla- 
tances  out  were  placed,  and  E-fL  contours  located  and  skatdwd. 
The  average  amount  of  grading  was  100,ODD  cu.  yds.  po"  mile:; 
maximum  grHde,  O.E%  :  maximum  curve,  1*.  The  coat  of  tb*  au>^ 
veys  was  as  follow*  for  E6S  miles  of  prrilmlnary  and  ISS  oitlea  «t 
located  lines: 
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PUUMIHABT    LiINKI. 


".H     •'.K 


M 


Miles  run  and  topagrapliy  tnken, 
UUes  run.  no  topigraphy  tafcen 
Total  miles  prellmTnary  run... 
Total  number  payroll  days.... 
AverBgn  dally  number  of  men.  . 
Average  miles  per  day  per  part 
Average    dally     coat,    subslslen 

Average   dally   pay   per   man. . 
Dally  cost  for  teams 

Dally  coal  of  party 

Coat  per  mllo 


ST  days.    90  days.    Ill  days.  30  day*. 


Ldcaibd   Lines. 


4 S  days.    37  days.     S  daya     48  days. 

Hllsa  located &6.0  37. g  T.t  1E.fi 

Total     number     payroll 

days HOO  709  151  H9g 

Average  dally  number  of 

men    Z1.6  19.0  19.0  31.2 

Average  miles  per  day 
per  party O.SG  1.02  0.9$  0.89 

Average  dally  cost  sub- 
sistence          fO.ST  (0.39  t0.3S  (0.40 

Average   daily   pay   per 

man     1.72  1,«1  l.Sl  1,71 

Dally  cost  for  teams...        I.Ra  K.7E  S.I9  ■\0.3S 

Contingencies   

DaUy  coat  of  party 53. 90 


6!:67          44.'3S 

j?:ll 

11?    'Ifli 

n  by  Party  No. 

were  ove 

r  B  severe  coun- 

work  on  the  whole  llna 
Party  No.  3  also  had  much  dUHculty  In  getting  a  grade  between 
certain  points.  Party  No.  2  had  the  lightest  country.  Party  No. 
4  worked  only  a  short  tlin«  and  the  cost  of  moving  a  long  distancs 
from  other  work  la  Included.  It  is  probable  (hat  the  cost  of  work 
done  by  this  party  was  really  about  00%  more  than  the  others  per- 
mlle.   Instead  of  100%  more. 

On    the   locating  work.    Party  No.   1   had  an   expensive   sounding: 
party  consisting  of  a  man  In  charge,  4  or  G  laborers  and  a  tewn.. 
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pBTtlea  Nttu.  1  and  3  wars  combined,  after  each  had  run  i  iliort 
distance  of  located  line  Beparately.  which  Increased  the  unit  <«« 
of  the  located  llae,  as  ahown. 

The  total  coat  of  ISS  mllea  of  located  line  was  tlSl  per  mUe 
of  located  line,  and  thla  Includea  the  cost  of  ninnlnr  the  pnUni- 

Coat  of  2,000  Mile*  of  Railway  Survoyi^— In  ■  paper  by  Ur.  W.  B. 
UcPetrldse,  publlahed  In  Trsna  Am.  Soc.  C.  B.,  1901,  and  reprinted 
In  E<n^neeTing'C<nitTiKting,  May  19,  1909,  Ih  (iven  a  very  completa 
description  of  the  methods  of  maklnK  I.IOD  mllea  of  prelinUnoir  and 
100  mllea  of  location  ourveya  The  toIlowlnE  Is  a  veir  brief  aum- 
■nary  of  the  cost 

Field  parties  were  made  up  as  follows : 

Monthly  Salary. 

Aaalatant  engineer  In  charge f  12G  to  tlES 

Transltmao    SG  to   IM 

Iievelman   TE 


Head  chalnman  , to 

Rear  chalnman   4t 

Sear  nagman 40 

Stakeman    St 

Axeman   (from  two  to  Ave) tO 

Topographer    CE 

Tapemen   (two)    46 

Draftaman  (part  time) 00 

Camp  outflta  were  not  used.  The  parties  boarded  at  housei  aicag 
the  line.  This  was  often  a  disadvantage,  on  account  of  dUDculty  In 
getting  quarters,  eapeclollr  for  a  full  corps ;  but.  on  the  other 
band,  the  party  could  frequently  make  Its  headquarters  at  soma 
town  and  drive  to  and  from  the  work,  ao  that  probably  thla  metbad 
served  Just  as  well  as  fumlablng  camp  outflta 

It  may  appear  to  some  that  there  whs  much  tuuiecessary  location 
and  running  of  preliminary  lines,  but  In  rough  country  like  thla 
and  on  work  of  this  magnitude  (In  210  miles  of  thla  line  were  11 
tunnels,  the  longest  being  4,000  ft,  5  viaducts  from  400  to  1,000  ft. 
long,  and  more  than  100  ft.  in  height  besides  numerous  other 
bridges) ,  It  Is  time  and  money  well  Qwnt.  In  no  other  way  can  the 
exact  data  be  gotten,  sjid  It  leaves  no  question  as  to  the  available 
routes  and  the  gradea  obtalnabla  The  topography  was  taken  (on 
practically  all  Knee)  accurately  by  using  a  metallic  cloth  tape  for 
distances  and  a  hand-level  for  elevatlona  Only  In  this  way  can  one 
get  a  projected  location  to  correspond  cloaely  with  the  actual  ana 
The  topography  was  ordinarily  taken  tor  SOO  ft  on  each  side  of  the 
center  line ;  et  particularly  difficult  summits  or  similar  places  a 
strip  from  1.000  to  1,000  ft.  wide  was  often  shown.  The  lines  were 
plotted  to  a  scale  of  100  ft  to  1  In,  The  topography  was  platted  In 
the  field.  A  hollow  drawing-board,  IS  x  14  Ina  was  used.  Tba 
sheet  In  use  was  tacked  to  the  board,  and  the  additional  Aeeta 
were  carried  Inside.  A  strap  around  the  shouldera  of  th* 
topographer  served  to  carry  the  board,  and  formed  a  tupport  whila 
olotting  (Wellington's  method). 
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Colt.— The  Kreatest  nunib«r  of  mites  of  prellmlaaiT  Uae  run  la 
one  day  by  one  parCy  was  T,  and  of  location,  4^.  The  locstloB 
averaged  allghlly  more  than  1  mile  per  day  i>er  party,  ascept  on 
two  lines,  wtiere  It  averaged  %  mile.  Stakes  were  set  every  100  n. 
on  tangents,  and  every  SO  fL  on  curves.  Special  pains  were  taken 
with  the  instrument  work  and  measurements,  in  ordar  to  avoid  tin 
chance  of  serlaus  errors  In  the  center  line  after  construction  ana- 
menced.  The  speed  of  location  parties  was  usually  limited  by  the 
amount  of  clearing  that  could  be  done,  but  the  number  of  cuma 
and  the  rough  character  of  the  ground  were  also  large  factors  la 
limiting  the  speed. 

Bach  party  coat  from  t3E  to  fiO  per  day.  being  ullowed  all  ex- 
penses In  addition  to  salsrlea 

Table  I  gives  the  cost  per  mile  of  the  completed  uirveys.  It  Is 
to  be  noted  that  this  Is  the  total  cost,  and  Includes  oOIce  rent, 
purchase  of  Instruments  and  Bupplles,  general  expenses,  all  asl- 
arles.  Held  expenses,  and  the  preparation  of  llnal  maps,  plaoA 
profiles,  and  estimates,  with  everything  in  readiness  to  make  con- 
tracts for  the  line. 

Column  T  gives  the  cost  per  mile  of  actual  location,  including  pre- 
liminary llnea  Columns  S  and  i  show  that  there  wen  from  3  to 
5  miles  of  preliminary  lines  run  for  each  mile  of  location,  except  on 
one  line.  Table  I  also  Includes  302  miles  of  check  levels,  the  cost 
being  distributed  among  the  various  accounts  The  data  for  the 
Parkeraburg  Bridge  and  Tennlnal  line  Include  surveys  and  aousd- 
iDgs  for  the  Ohio  Itlver  Bridge.  The  cost  per  mile  Includes  the 
topography  on  practically  all  lines,  except  one  where  It  was  taken 
only  on  the  located  lines. 

The  cost  shown  in  Table  I  being  the  total  charge  against  engi- 
neering from  the  Inception  of  the  project  to  the  beginning  of  con- 
struction, conlalns  a  tew  Items  which  might  well  be  charged  ta 
other  accounts  than  location.  Instruments  purchased  could  be  a 
credit:  some  elalMrate  property  surveys  and  bridge  surveys  could 
be  charged  to  construction,  but  they  probably  are  not  large  enough 
to  have  much  effect  on  the  cost  per  mile.  If  taken  into  account, 
they  would  reduce  the  cost. 

A  line  run  In  midwinter  may  easily  cost  one-quarter  more  thaa 
It  run  during  more  favorable  weather. 

Average  Cost  of  One  UII& 

Of  pre-  Of  Of  location  indtid- 

Company —  Ibnlnary.  location.      iiu[[gellmlnary. 

L.  K.  R.  R. »26  I  74  %  99 

Z.  M.  ft  P.  R.  R. 2S  79  10» 

B.  4  E.  R.  R. S5  105  HO 

B.  ft  N,   R.    R ai  94  115 

The  Agures  in  Table  II  Include  all  expenses,  as  In  Table  L 
Table  I  shows  a  large  variation  In  the  cost  of  surveys  on  different 
divisions,  the  cost  varying  from  1128  to  flSB  per  mile.  With  <Ui  aver- 
age of  IIEI.     On  the  assumption  that  lines  located  for  comparison 
or   similar  purposes  should  be   Incltided  in  the  average,  ene-third 
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Should  ba  added  to  these  tunounta,  aa  prevtoualr  noted ;    the  con 
would  then  be  aa  loDowa: 

Low    H71  per  mile 

Hlsh     2S1  per  mile 

Average    20!  per  mile 

Throwing  out  of  tho  account   the   mlleace   o(  abandoned   Unaa, 
bTMich  llne%  etc,  and  cbartlDg  the  entire  coat  to  the  main  line, 
t»t,lES.2a 

tenninuB  to  tenninua^  would  give  =  (278.23  per  mile, 

32S 
which  would  be  rather  expensive.  This,  however,  la  not  a  fair  aa- 
•umptlon,  and  should  not  be  considered,  twcauw  many  miles  of  lines 
not  needed  to  determine  the  main  line  were  located  for  other  reason* 
and  purpose*.  Therefore,  the  plan  of  throwing  out  only  duplica- 
tion*, for  comparisons,  as  shown  In  the  precedlnK  paragraph,  (tves 
tiM  correct  average  cost  per  mile  for  the  development  of  tho  coun- 
try. Including  actual  comparative  locations  where  needed.  It  should 
alio  be  t>ome  In  mind  that  a  large  proportion  of  this  duplication  was 
Decenary,  owing  to  the  laws  of  West  Virginia,  which  require  an 
actual  line,  located  on  the  ground,  and  a  complete  map  and  pronie 
of  that  line  to  ba  Oled  with  the  Secretary  of  State,  and  at  the 
eounty  seat,  before  a.  railroad  (company  has  any  rights,  of  priority 
or  otherwise,  to  that  route  or  tine.  This  required  complete  locations 
tor  all  proposed  branch  lines,  a  large  number  of  which  were  located, 
and  also  a  complete  location  over  any  route  tor  which  It  was  de- 
sired to  obtain  rlghla  For  these  reasons,  the  lines  located  account 
Cor  the  excess  of  the  mileage  over  the  actual  length  of  the  main 
line. 

On  the  basis  of  Table  II,  It  may  be  assumed  that,  where  the  route 
has  been  previously  determined  within  such  narrow  llmltB  that  the 
preliminary  and  location  lines  are  of  equal  length,  the  surveys  will 
cost  from  tlOO  to  (110  per  mile.  This  Is  bonie  out  by  the  results 
on  the  Buckhannon  anci  Northern  line,  where  the  location  and  pre- 
liminary lines  were  practically  equal  and  the  cost  was  1127  per  mile. 

These  two  statements  may  be  combined  and  put  In  the  following 

To  locate  one  mile.  Including  an  equal  length  of  preliminary 
llnea,  cost  from  (JOO  to  (140;    average (IIB 

To  locale  one  mile,  Anal  location.  Including  from  two  to  five 
times  as  great  a  length  of  prellnitnary  lines,  coat  from  (IZg 
to    (188;     average ISl 

To  locate  one  mile,  flnat  location.  Including  from  two  to  five 
times  ns  great  a  length  of  preliminary  flne*,  and  one-third 
of  a  mile  of  location  for  comparison,  cost  from  (ITl  to  |iSI  ; 


A  tabulation  of  the  mileage  of  the  Buckhannon  and  Northern  line, 
with  reference  to  the  actual  length  of  line  to  be  built,  and  showing 
how  the  results  agree  with  the  averages  deduced  from  Table  T,  Is 
as  follows,  the  Buckliannon  and  Northern  line  being  useil  because 
the  conditions  there  make  It  the  best  average  of  "all  condition*" 
encountered  on  the  various  tines. 
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Total   mllm  ItKiatsd ISl.H 

Hlle*  of  main  tine  contracted  for SO 

Ulles  of  main  line  not  contractea  for t 

Ulles  of  connecting  line  located,  but  which  may 
or  may  not  be  built,  about It  11>M 

UaJtlna   actual    mlle« 110 

Leaving  dupltcstlons.  comparisons,  etc iLti 

110  miles  coat   II3,S43.84  =  flTG  per  mile. 

Coit  of  a  Railway  Survey,  Canada.*— The  following  data  rtVl 
to  a  Hurvey  made  In  Canada  In  1906  for  the  Grand  Trunk  PkUc 
Ry.  The  lines  were  run  through  gently  rolling  prairie  countnr.  all^ 
three  rather  difficult  river  crossings.  The  topography  was  lata 
SOD  ft.  on  each  side  of  the  tine,  locating  G  ft  eontoura.  The  mui- 
mum  grade  was  0.1%.  and  the  maximum  curve  was  1*.  Some  ralbf 
faat  work  was  done  In  the  survey,  for  on  Oct  10  II.IS  miles  of  IM 
was  located  In  S  hours  and  20  minutes.  An  average  of  8.4  mlW 
per  day  was  bIho  made  In  22  days  worked.  The  organisation  of  W 
partr  and  wages  paid  were  as  follows : 

Permootli. 

Locating    engineer    1    ITG.OO 

Tranaltman    lOO.Ot 

Levelnmn   7(.W 

Topographer    7S,B0 

Draughtsman    75.00 

Head  flag  4».»» 

Level   rodman    4fi.0l 

Head   chalnman    4S.0* 

Rear  chalnman   30.«* 

Topog.    chalnman    10.00 

Topog.  rodman   S0.0» 

Rear  flagman    30.00 


Axeman    JO.OO 

Cook   eo.oo 

Cookee    80.00 

One  saddle  horse 30.00 

Three  teams  at  $100 300.00 

Total      |I,KSK.OO 

The  following  Is  a  record  of  the  cost  of  the  survey  and  ths  wort 
ac«ompll8hed : 

Prelim  Inar]'.     LocstloA 
24  GO 


Total  miles  location  and  alternative  location 

Total   miles  prellmlnaiy   run 1TS.3 

Total  number  payroll  days tS4.0 

Average  dally  number  men IB.O 

Average   miles  per  day 7.S 

Dally  cost  of  ■ubslstence  per  man f  0.4 

Average  dally  pay  per  man 1.81 

Dally  cost  tor  teams I0,«' 

Contingencies    18.01 

Dally  coat  of  party 47.8; 

Coat  per  mite C.bI 

*BtiffinetriitB-ContraeUng,  Feb.  IE>,  IS08. 
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The  survey  was  niade  under  the  direction  at  Itr.  C.  J.  Seymour, 
Kansas  City,  Ho.,  to  whom  we  are  iDdebted  for  the  above  Infor- 
mation. 

Cost  of  RsconnalMsnc*  Survey  for  Railway  In  Alaska.* — Ur.  Fred. 
LavlB  Is  author  of  the  IoIIowIiik: 

The  followlDK  costs  of  a  reconiuiiasance  survey  for  railroad  loca- 
tion in  Alaska,  in  the  winter  of  190C-T  were  tumUhed  the  writer  by 
Mr.  H.  R.  Qabriel,  LocatInK  BnilQeer,  Katallo,  Abuka.  The  pay- 
roil  was  ae  follows: 


The  survey  covered  a  route  2T0  miles  long  between  Fairbanks  and 
SAWord.  Alaska,  and  woe  made  between  Jan.  1  and  May  £5,  1907. 
For  Oi  period  of  three  weeks  do  work  was  done^  the  temperature 
nmsing  from  10°  to  TD°  below  lero,  but  work  was  carried  on  when 
the  temperature  was  it*  below.  The  doss  were  worked  in  four 
teams  and  on  newly  broken  trails  hauled  EDO  lbs.  per  team;  they 
were   ted   on   bacon,    rice   and   flah    whlcb    cost   40    eta.   per   day 

The  camplnK  equipment  was  very  light,  conslsttnK  of  one  IDx  It 
fL  and  two  14  x  IG  ft.  tents,  two  Tukon  stoves  and  but  very  few 
dishes. 

The  average  distance  between  camos  was  lO  miles,  and  but  4  or  S 
days  were  spent  in  each  camp. 

The  following  la  the  liet  of  rations  allowed : 

'Bnginteriitg'ContraeHiiff,  Dte.  9,  IIOI.     - 
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Flour  per  man  per  day 1  to  1.26 

Beans  per  man  per  day 0.2C  (o  O.GA 

IUc«  per   nun   per    day 0. 1 1 

Bacon  per  man  per  day O.IS  to  0.2C 

Ham  per  man  per  day l.Oft 

Dried  fruit  per  man  per  day O.ZO  to  0.2S 

Dried  corn  per  man  per  day 0.19 

Busar  per  man  per  day «.]» 

Butter  per  man  per  day O.IC 

Salt  per  man  per  month 0.75 

Pepper  per  man  per  month 0.45 

Other  apices  In  proportion  to  pepper- 
Tea  par  man  per  month 0.G9 

Coffee  per  man  per  month O.si 

Cocoa  per  man  per  montli 0.3S 

Dried  potatoee  per  man  por  day O.OS 

Rolled  oals  per  man  per  day •.OS 

Corn  meal  per  man  per  day 0.08 

Canned  milk   (can)  per  man  per  day 0.16 

Uacaronl  per  man  per  day 0.14 

Cheese  per  man  per  day G.08 

Idrd  per  man  per  day O.OK 

CryatBl  eggi  per  man  per  month O.Sl 

Baking  powder   1.6    Iba  per  GO  lbs.  Hour. 
Teait  cakea.   12  men  par  month,  10  okga. 

Soda.   12   men  per  month.   I  pkK-     Sour  dough  bread 

was  used. 

Conoenlraled    vinegar,     12    men    0    months,    one  C~<is. 

Mustard*,  12  men  S  months,  4.l>  Iba 
Olive  oil.  12  men  1  month.  0.1  eal. 
Beef  tea.  12  men  1  month,  20  Jars. 

TblB  reconnalBsance  was  a  stadia  survey,  all  dlslancea  ttoth  ver- 
tical and  horlEontal  being  meamred  with  the  transit,  no  level  was 
used :  topography  sufficient  lo  make  a  rough  projected  location  and 
fairly  accurate  profile  where  tt  varied  from  the  main  line  ruo.  ««■ 
taken  with  a  clinometer. 

It  win  be  noted  that  all  the  Information  necessary  lo  make  a 
fairly  accurate  projected  location  was  obtained  on  this  hurrey  at  ■ 
comparatively  small  cosL  It*  value  lies  aoraewhere  between  the 
ordinary  reconoBlBsance  and  the  eo-called  preliminary  location  wblch 
should  properly  be  a  preliminary  survey. 

A  preliminary  survey  of  this  line  If  properly  made  vrould  have 
given  more  accurate  detailed  Information,  but  Its  cost  would  have 
been  between  t2i(l  and  (3^0  per  mile  according  to  atalementa  of 
actual  costs  at  pretlmlnnry  surveys  In  Alaska,  made  by  Uessra. 
Cryderman  and  Kyle  In  a  paper  read  before  the  Pacific  Korthweot 
Society  of  Engineers  early  this  year. 

The  stadia  furnishes  accurate  (within  the  really  necossary  prac- 
tical limits)  Information  as  to  distance^  direction  and  elevatloik 
which  can  be  obtained  In  no  other  way  aa  cheaply,  and  without 
any  one  of  which  It  la  Imposaltrle  to  form  any  reliable  estimate  ol 
the  practicability  of  any  line  or  Us  cost,  the  addition  of  a  varr 
limited  amount  of  topography,  taken  by  an  experienced  topocraplwr 
enables  a  projected  location  to  be  made  which  should  be  well  wltbla 
a  clow  Bpprozlmatlon  of  the  flnal  line, 
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In  regard  to  the  aalarlea  given  they  seem  too  low.  The  tranrit- 
man,  topographer  aad  draftaman  were  not  paid  &ny  more  than 
(ood  men  get  la  the  older  partii  of  the  United  Statei  where  condl- 
tlona  of  eilstmce  are  not  so  rigorous;  without  Inteudlns  any 
reflection  on  the  men  composing  the  party,  the  writer  belleveH  that  In 
these  poBltlona  competent  men  would  be  worth  at  lea>l  60%  more 
than  was  paid  on  this  survey. 

Cost  of  Locating  Two  Rillraad  Unas  In  Michigan  and  Wisconsin.* 
One  line  was  located  from  Traverse  City  to  Elk  Rapids  and  from 
Williamsburg  to  Petosky.  The  survey  was  begun  SepL  1,  18S9, 
and  finished  Hay  1,  1890.  The  country  was  covered  with  heavy 
hardwood  and  hemlock  timber  and  dense  cedar  swamps.  The 
ground  was  alternately  flat  and  very  rough.  In  sections  of  I  to  10 
miles  In  length.  About  2S  miles  of  the  01  were  located  on  the  shores 
of  small  lakee  bounded  by  steep  bluffs  which  came  down  close  to  the 
shore,  the  latter  being  very  Irregular.  The  wlnler  was  a  light  one, 
except  In  February,  when  the  snow  Wits  3  ft.  deep,  which  consid- 
erably reduced  progreSB. 

The  following  was  the  organliatlOQ  of  the  part,  and  the  monthly 
cost  of  making  the  survey: 

Per  month. 

Chief  of  parly t    lOO.OO 

Transltman     76.00 

Leveler   100.00 

Bodmun    10.00 

Chalnroan,  head  <0.00 

Chalnman.  rear !O.0« 

Back  flagman   30.00 

4   aKemen  at   (30 120.00 

Cook 40.00 

Cookee  16.00 

Team    and    driver 90.00 

U    time  of  Division  Eng.,  at  flZG 82.60 

EfipenH    of    camp 270.00 

Total    $1,012.60 

The  survey  occupied  S  montha  mahlng  the  total  cost  18,100.  which 
Is  equivalent  to  fS9  per  mile  of  located  line,  there  being  OI  miles 
located.  The  total  number  of  miles  of  line  run.  Including  prelim- 
inary lines,  was  260  miles.  Stated  otherwise,  there  were  nearly 
t  mile*  of  preliminary  line  run  to  each  mile  of  located  Ilna 

In  all  there  were  208  working  days,  but.  In  moving  and  on  ac- 
count of  bad  weather,  20%  of  this  time  was  lost,  thus  reducing  the 
Actual  numtier  o(  days  worked  to  188.  The  following  was  the 
amount  of  line  nm  per  day : 

Ulles. 

Total  line  per  day  <208  days) 1.20 

Located  line  per  day  ( 208  days) 0.44 

Total  line  per  day  (188  days) 1.83 

Located  line  per  day  (188  days) 0.48 

It  win  be  noted  that  there  were  14  men  and  a  team  of  horses, 
and  that  the  expense  for  food.  etc..  was  1270  per  month.     Counting 


'BnglneerlnB-Coniraellnff,  January,  1900. 
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each  harM  as  the  tqulvalent  o(  a  man  In  expense  of  reeding  n  ba>« 
a  dally  expenac  of  Blightl)'  leaa  than  S>  eta.  per  man  per  da;  lor 
food.  That  Is  a  liberal  estimate  for  present  conditions,  but  oo  Uk 
other  hand,  salaiiea  and  wages  are  somewhat  higher  now  than  Ibv 
were  IE  years  ago. 

Another  line,  317  miles  long,  was  run  In  Novemt>er  and  DecRO- 
ber  of  18>1,  for  the  Saginaw  A  Western  B.  R.,  from  Spivta  to  How- 
ard eitr-  The  country  was  In  part  very  rousfa.  The  tbntKr  was 
principally  very  light,  with  some  bruah.  The  ground  wai  genenllr 
covered  with  logs  and  stumps.  Considerable  of  the  line  was  In  oM 
pine  chopping^.  No  team  was  provided  for  carrying  the  ntcai  to  aad 
from  the  work.    The  following  was  the  monthly  payroll : 

Per  month. 

Assistant  engineer tllS.AO 

Traneitman     lOO.M 

I«veler    lOO.OO 

Sodnian   40.00 

Chalnman,   head    HM 

Chalnman,  rear  SO.M 


Flagman    . 
Cook  . 


»0.i)« 


Total     iSKM 

The  party,  which  was  composed  of  11  men.  was  paid  tor  IS  wort 
days.  The  actual  number  of  days  worked,  however,  was  U.  Sun- 
days and  rainy  days  accounting  for  the  other  IS.  The  party  wu 
in  camp  tor  42  days:  on  the  remaining  I  days  they  lioarded  and 
roomed  at  hotels.  The  total  cost  of  the  fleld  work  was  tl.lPT.SI. 
divided  up  as  follows; 

Payroll     IS7S.00 

Supplies   1(7.77 

Board  and  hotel  bill SO.IS 

Axes,   grindstone,   etc. I«.00 

UlBcellaneouB  expenses   >S.7t 

To  the  coat  of  the  Held  work  must  be  added  the  cost  of  the  otSee 
work  for  maps,  profiles  and  estlmatea  This  amounted  to  I^lS.'a. 
making  the  total  cost  of  the  survey  tl.GS1.T2.  A  total  of  71.1  miles 
of  line  wae  run.  of  which  48.7  miles  was  prellmlnnry  line  and  11.7 
miles  was  located  line.  The  actual  number  of  days  worked  on  the 
preliminary  line  was  2G ;  actual  number  of  days  on  located  lint-  was 
II.  The  following  table  gives  the  average  amount  of  line  run  per 
day  worked: 

Stations.         HUea 

Preliminary    line    101.8  1.947 

Location    IDS  2.DC1 

Average  Una  per  day 104.7  1.9SJ 

Average  line  per  day  out 7S.G  I.iSC 

Location   line   per    <3S   days) SS.3  <I.<S4 

Location  per  line  (48  days)  out IE  0.471 

The  coat  of  the  survey  per  station  and  mile  was  as  follows: 
Per  station.     Per  mile. 

Iileld  work   tl.OB  fST.GO 

Office  and  Held  work 1.T7  67.17 
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Am  was  auited  previously,  the  party  was  composed  of  II  men  and 
was  In  camp  tor  42  days.  The  total  cost  of  food,  supplies,  etc. 
Including  the  cook's  wages  for  this  lime,  amounted  to  t22S.70.  Tba 
coat  per  man  per  day  for  supplies  only  amounted  to  3B  cts. ;  Includ- 
ing tbe  wages  of  the  cook,  the  cost  per  man  per  day  nas  49  cts. 

Cost  of  8  Rallrosd  Re-Survey,  Cansda.* — In  a  paper  read  before 
the  Ontario  l.and  Surveyors'  Aasoclatlon,  Mr,  W.  H,  McMuUen,  de- 
scribes a  re-survey  of  tlie  Canadian  Pacific  Ry.  line  In  New  Bruns- 
wick, and  the  following  notes  have  been  taken  from  his  paper :  The 
general  scheme  of  the  survey  was  to  make  a  center  line  traverse 
and  tie  In  right-of-way  fences,  lot  lines,  parish  and  county  bound- 
aries, locate  tbe  propenles  of  the  various  owners  along  the  line. 
nui  rail  levels,  obtain  approximately  the  original  ground  line,  and 
note  the  dimensions  of  culverts,  etc  For  the  Held  work  two  box 
cars  were  fitted  up.  The  one  with  bunks  and  a  drawing- table,  and 
the  other  with  a  dlning-table.  stove,  and  quarters  for  the  cook.  The 
party  was  composed  of  an  engineer  In  charge,  transltman  and  two 
plcketmen,  a  draftsman,  a  leveler  and  rodman,  and  three  chalnmen. 
who  went  ahead  and  paint-marked  one  rail  every  hundred  feet. 
These  last  could  cover  eight  or  nine  miles  a,  day  without  much 
trouble,  and,  after  getting  their  work  well  ahead  of  the  party,  were 
recalled  to  locate  right-of-way,  fences;  culverts,  etc  The  leveler 
would  cover  about  4i4  miles  per  day.  and  When  he  got  too  far 
ahead  of  the  transit  was  recalled  and  ran  a  spare  transit  for  a  while. 
Tho  transltman  was  paid  tT5  per  month  and  draftsman  the  same ; 
leveler,  (60,  and  the  others,  most  of  them  engineering  students,  tl.35 
per  day.  The  cook  got  (40  per  month.  Tha  average  progress  of  the 
field  work  was  a  little  over  two  miles  a  day,  and  the  average  cost 
of  the  Held  work,  exclusive  of  car  furnishings  and  inclusive  o( 
wages  and  board,  was  |14  per  mile.  The  cost  ot  fitting  up  the  cars 
with  stoves,  bunks,  blankets,  mattresses,  tables,  dishes,  etc,  amount- 
ed to  about  1150. 

Cost  of  Two  Rsllway  Resurveys.t — The  resurvey  of  a  railway 
Is  a  task  which  may  Involve  little  or  much  work,  depending  on  the 
comprehensiveness  ot  the  records  required.  When  the  task  f* 
merely  that  of  retracing  alignment  and  locating  tracks  and  struo- 
tures  the  work  Is  simple.  When,  however,  the  task  comprises  in 
addition,  the  topographical  mapping  of  the  line,  right  of  way.  build- 
ings and  structures  and  the  recording  of  all  co-ordinate  Informa- 
tion, an  organization  of  the  highest  character  and  efficiency  Is 
absolutely  necessary.  In  the  text  which  follows  we  give  from  actual 
records  the  methods  adopted  In  resurveylng  GSl  miles  of  the  Chi- 
cago &  West  Michigan  Hy.  and  3SB  miles  of  the  Detroit.  Orand 
Rapids  &  Northern  Ry.  These  methods  are  not  only  of  Interest  In 
themselves,  but  they  are  lent  particular  value  by  the  figures  Of  cost 
which  accompany  them.  In  studying  these  figures,  however.  It  must 
be  kept  In  mind  that  they  represent  wages  and  prices  ot  1B93  to 

itn. 
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Chicaoo  a  Wbbt  Hicuiqan  Suktct. 

In  1S93  the  ChlcaKO  A  West  Hlchlsan  Ry.  started  a  r 
tta  road.  Tbe  object  of  the  aurvey  was  to  obtain  data  tor  tba 
preparation  of  a  set  of  maps  to  show  In  as  complete  and  accuiate  a, 
nuumer  ai  possible  all  of  the  company's  track,  rlf^t  of  way.  baOd' 
IngB  and  other  property,  and  all  Such  other  Information  relating  IS 
these  items  as  could  be  obtained.  The  purpose  was  also  tg  obubi 
similar  [nformatlon  relstlve  to  the  track  and  proi>en7  of  otMr 
roads  at  Junction  points. 

Field  Force  and  Outfit. — The  field  party  conaiBted  of  three  mea: 
the  aniatant  engineer  In  charge  of  the  worli  and  two  rodmen.  Ibei 
were  supplied  nith  the  following  outfit :  one  double  velocipede  car.  a 
tran^t,  two  100-ft.  steel  tapes,  one  BO-tt  steel  tape,  one  GO-ft  cloO: 
tape,  one  small  hand  Inatrument  (or  taking  fence  ans'le^  etc..  u 
axe,  a  maul,  a  sat  of  branding  Irons,  a  set  of  steel  dies.  a.  tlnna'> 
stove,  a  paint  pot  and  brush,  a,  spade,  a  pick  and  a,  stoclc  oZ  pickeu 
The  men  boarded  at  hotels  or,  when  more  convenient,  at  privait 
houses  and  usually  moved  every  10  or  IS  mileB  accordingly  aJ  1: 
was  convenienl  to  gel  board.  Very  little  use  was  made  of  trains  la 
get  to  or  from  work;  the  party,  however,  generally  moved  by  tnln 
when  golns  to  new  headquarters. 

Chaining  the  Line. — The  flrst  work  was  to  chain  the  track.  Thli 
was  done  very  carefully,  and  one  of  the  lOO-fL  steel  tapes  iras  re- 
served for  this  work  alone.  Ten  (3/lG-ln.  dlam.>  12-in.  ctialDinc 
pins  were  used,  and  at  every  tally  an  Sd.  nail  was  driven  Into  tlir 
ballast  or  Into  a  tie  for  reference  In  case  a  pin  was  lost  or  nut- 
placed  in  the  next  1,000  fL  The  chain  was  carried  In  the  center 
of  the  track  and  the  haif-gaga  was  laid  off  from  the  rlght-hSBd 
rail  at  each  station.  For  thia  purpose  a  B-fL  picket  was  arrangol 
With  a  luK  on  one  end  and  a  center  mark.  No  correctlona  were 
made  for  grades  or  tempera turea 

A  paint  mark  was  put  on  the  flange  of  the  right-hand  rail  i^po- 
slte  evl^ry  station  and  at  every  GOO  ft.  a  stake  was  driven  5  ft.  to  tbt 
left  of  the  center  line.  These  stakes  were  of  oak,  3  z  S  x  30  tas. 
with  8-ln.  points,  and  were  purchased  already  sharpened.  TIkt 
were  distributed  by  freight  train  In  lots  to  suit  the  distances  coverel 
by  the  fleld  party  from  the  various  headquartera  All  the  stakH 
used  from  any  one  headquarters  were  marked  at  one  time ;  far 
this  purpose  there  were  provided  a  Qrepot  or  tinner's  stove,  as  noted 
above,  and  a,  set  of  from  0  to  9  cast-iron  branding  irons  Axed  to  a 
handle  of  round  Iron  same  IG  Ina  long.  Section  men  usually 
helped  to  deliver  the  stakes  between  station  stopa  The  stakes  wen 
driven  so  as  to  project  from  i  to  G  Ina  above  ground  and  with  the 
branded  face  toward  the  track. 

It  may  be  noted  here  that  this  work  furnished  Incidentally  an  op- 
portunity to  study  the  advantage  of  using  stakes  treated  with 
some  preservative  from  decay.  The  stakes  placed  in  1S93-1  were 
untreated  and  those  placed  in  1S9E  were  dipped  hi  hot  coal  tar  siid 
pitch.  Similar  stakes  used  on  the  Detroit,  Orand  Rapids  A  Nortbero 
Burv^   In   189S   to   1S9S   were   treated,   those   used   Id   ISSfl   with 
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"Woodlllne"  used  cold  and  those  used  In  1897-8  bj  dipping  In  hot 
Carbollueum.  It  was  (oimd  upon  examining  In  ISilS  the  atakes 
placed  In  1833  that  fully  one-third  were  rotten  or  mlaatiMt,  and  all 
ol  them  had  to  be  removed.  It  was  also  found  tbat  none  of  the 
treated  stakes  set  In  1S9E  showed  any  signs  of  decay. 

The  stakes,  as  before  stated,  were  spaced  500  ft.  apart.  At  every 
mile  a  piece  of  T-rall  G  ft.  long  was  set  SO  fL  to  the  left  of  the 
center  line,  with  the  base  facing  the  track  and  marked  with  the 
mile  niunber  by  means  of  a  steel  Htenclt.  Station  and  mile  numbers 
were  both  continuous  and  read  from  the  actual  end  Of  the  rail  at  the 
terminal  where  the  survey  was  begun. 

Retracing  Aiignment. — The  alignment  was  retraced  by  means  o( 
a  transit,  but  not  by  running  a  continuous  line.  On  tangents  the 
direction  was  checked  otten  enough  to  And  all  swings,  by  setting  the 
tran^t  over  the  gage  side  of  the  rail  and  taking  a  back  sight  on  the 
rail  and  then  reversing  and  sighting  on  the  rail  ahead.  If  any 
change  In  direction  showed  It  was  noted  as  an  angle.  When  a  curve 
was  reached  a  point  was  marked  In  Che  center  oC  the  rail  at  or 
back  of  the  point  of  curve,  and  then  deflection  anslee  were  read  to 
such  station  on  the  curve.  When  the  transit  had  to  be  moved  up  Che 
vernier  was  set  at  zero  for  a  back  Bight  on  the  last  point  and  then 
the  angles  ahead  were  read  on  as  before,  ntien  the  point  of  tangent 
was  reached  a  point  was  worked  In  the  center  of  track  between 
rails  at  or  Just  ahead  of  the  point  of  tangent;  the  angle  was  read 
to  this  and  then  the  transit  was  moved  up  and  the  angle  from  the 
last  rail  point  or  chord  to  the  tangent  ahead  was  read.  The  direc- 
tion of  tangents  was  kept  as  azimuth,  south  being  assumed  as  sero 
and  angles  recorded  around  by  Che  wesC  or  clockwise. 

Azimuth  was  determined  by  Polaris,  atatlona  tor  observations 
being  selected  so  that  the  meridian  would  Intersect  a.  tangent.  The 
angle  to  the  tangent  was  then  measured.  An  observation  was  taken 
about  every  IG  miles  and  the  course  of  the  tangents  calculated  from 
the  angles  measured  along  the  center  line.  The  two  usually  lacked 
from  0°  to  0°-I0'  of  checking,  and  the  dlRerence  was  distributed 
among  the  angles  around  the  curves.  The  method  of  determining 
the  true  meridian  from  Polaris  was  the  one  in  the  manual  Issued  to 
surveyors  by  the  Government  Land  Ofllce.  and  known  as  the  hour 
angle  method.  Whenever  the  dilference  In  the  longitude  Of  two  ob- 
servations exceeded  about  b  miles  the  correction  made  necessary  by 
the  divergence  of  the  meridians  was  Introduced.  This  amount  was 
dllstrlbuted  over  the  line  by  adding  or  subtracting  from  the  azimuth 
of  Cangents  at  their  ends.  By  reason  of  this  a,  long  tangent  which 
was  In  reality  straight  would  have  a  dilference  of  azimuth  at  its 
two  enda  The  determining  of  the  aslmuth  of  the  line  at  different 
points  was  Intended  only  as  a  check  on  the  transit  work,  but  prob- 
ably the  course  of  each  tangent  was  correct  with  O'-l'  or  0°-2'. 

Tovography. — The  topography  was  In  nearly  all  caeee  taken  by 
measurements  referred  directly  to  the  center  line.  All  structures 
belonging  to  the  permanent  way,  such  as  bridges,  were  recorded  by 
plusses  to  each  end  or  by  a  plus  to  the  center  and  siie.  The  length, 
•lie  and  kind   of  pipe  or  other  culverts  and  of  trestles,   bridges. 
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open  mlTerta  and  cattle  luards  were  recorded.  Right  of  way  fencM 
were  carefully  located  by  statlona  and  plussea  on  line  and  by  illa- 
tance  out  at  all  point*  where  any  chanse  In  direction  or  distance  out 
occurred.  Track  alsns  were  located  in  the  oanie  way  and  umally 
the  tennB  used  to  note  them,  as  "Wh.  Post,"  "Mile  Board"  and  "Hr- 
Cross.  Blsn,"  indicated  the  use  and  conatrucUon  In  each  case.  Prop- 
erty line  tencei  were  ehown  by  noting  by  stations  and  pliuaBS  the 
points  at  which  they  would  Intersect  the  center  line  and  by  nmsm- 
Ing  the  angle  at  Intersection.  HlKhnays  and  tann  roads,  blgtiwar 
crosalDgs;  (arm  craselnga,  gates,  side  drains  at  crOBStngs,  and  dltcbei 
were  all  shown.  The  kind  and  make  □(  rail  and  the  date  of  roUlos- 
Wlth  a  description  of  Joints  and  fastenings;  the  kind  and  condliKa 
at  the  ties;  the  kind  and  quality  of  the  ballast;  the  kind  of  tcaet. 
and  the  location  and  number  of  wires  In  the  telegraph  line  were  all 
shown  and  noted  at  the  points  where  any  change  occurred.  Tt* 
kind  of  switch  stand  and  kind  and  slie  of  frog  were  noted.  For 
buildings  belonging  to  the  company,  the  clasa^  use,  kind  of  faVDdsllaa 
and  point  were  noted.  If  possible,  note  was  also  made  of  the  data 
of  erection.  Water  stations,  interlocking  plants,  etc.,  were  usually 
described  In  detail. 

Section  lines,  property  lines  and  street  lines  were  determined  ss 
accurately  as  possible.  All  monumenta  that  could  be  found  wvfc 
located,  the  usual  method  being  to  produce  the  lines  aa  Indicated  br 
the  monuments  to  an  Intersection  with  the  center  line  and  rword 
the  angle  with  the  distance  measured  along  the  monument  line 
For  the  purpose  of  tying  tlie  line  to  the  village  plots  the  Held  party 
was  furnished  wltli  copies  of  all  recorded  plots,  and  with  the  aid 
of  these  sufllclent  tie  lines  were  run  to  form  a  network  on  wbldi 
the  streets  and  lots  could  be  plotted  on  the  maps  Any  addllhmal 
Information  as  to  the  company's  right  of  way  that  could  be  fouoJ 
was  secured.  In  these  tie  lines  and  also  for  all  cross  lines  that  Id- 
lersect  the  center  line  on  curves,  the  angle  waa  read  with  the  chord 
between  the  two  adjacent  transit  points,  but  the  plusaca  and  dis- 
tances out  are  from  the  actual  center  line  Intersection.  No  attonpi 
was  made  to  show  the  natural  topography  except  In  case  of  ■treeiiu 
and  of  some  very  prominent  ravines  that  Intersected  the  Una. 

Mapping. — The  maps  were  drawn  on  sheets  of  mounted  ecg-Aell 
paper;  the  map  sheets  were  lSx43  Ins.  and  were  bound  In  books 
containing  about  SS  to  30  miles  of  line.  Three  scales  were  used 
In  mapping,  2,000  fL,  200  tt,  and  GO  fL  to  the  Inch.  The  2.000-fL 
scale  was  need  for  an  Index  map  bound  In  the  front  of  the  book  a* 
a  title  page.  On  this  sheet  the  railway  was  de^gnated  by  a  blue 
line  on  which  tenth  statlona  were  numbered  and  mile  posts  Aowa 
by  red  lined  blocks,  with  numbers  referring  to  the  particular  large 
scale  map  (200  ft.'  or  GO  ft)  on  which  the  post  cama  Tbs 
maps  on  the  200-ft  scale  showed  everything  In  the  opea 
country,  but  In  clUea  where  the  nme  territory  was  cov- 
ered by  maps  on  the  EO-ft.  acala  much  of  the  detail  was  left  off 
in  order  that  (1)  what  the  company  owned,  (Z)  all  recorded  plots 
and  (!)  the  lines  to  monuments  In  those  plots  might  stand  oat 
clearly.     As  a  rule,  all  buildings,  etc.,  were  put  on  and  all  flgtm* 
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left  on,  tb«  latter  belnx  confueluB  while  outlines  are  not.  Eveir 
flflh  atatlan  waa  Indicated  by  ti  red  dot  Ttie  center  line  of  tlie 
railway  was  ahown  by  a  ruled  red  line.  Any  territory  shown  also  on 
the  60'ft.  scale  map  was  enclosed  by  a  broken  line  In  blue,  with  a 
dealKTiatln?  number  inside  correspondliiK  to  the  number  of  the 
special  map.  These  Hpeclal  or  detail  sheets  were  Inserted  Imme- 
diately after  the  general  sheet  referrinK  to  them.  On  the  bO-tL  Bcale 
maps  It  was  attempted  to  show  everything  that  appeared  In  the  note 
books;  center  lines  were  drawn  In  solid  red  and  base  lines  In  solid 
black. 

Tba  stHtlons  on  all  maps  were  numbered  from  right  to  left  In 
tbs  upper  right -hand  corner  ot  each  sheet  was  lettered  the  llrst  and 
last  station  number  Included  In  that  sheet  and  also  the  number  ot 
the  note  book  and  Its  page  numbers  where  the  notes  corresponding 
to  the  map  data  were  to  be  found.  The  number,  length,  total  angle 
and  degree  was  written  near  each  curve.  Reverse  curves  counted 
as  two  curves.  Station  numbers  were  written  across  the  center  line 
and  the  numerals  designating  angles  were  written  on  an  arc  connect- 
ing the  two  legs.  Aximuths  were  noted  at  each  point  of  curve 
and  point  of  tangent. 

An  abstract  of  such  deed  and  Indexed  paper  tor  right  o(  way  rep- 
resented on  any  sheet  was  written  on  that  sheet.  In  this  abalracl 
the  following  order  was  fallowed  where  possible :  ( 1 )  Kind  of 
deed  and  numtier  by  which  It  Is  known:  (2)  grantor;  (3)  grantee; 
(i)  date  of  transfer ;  (G)  description;  (S)  consideration;  (T)  agree- 
ment, and   (8)   date,  book  and  page  recorda 

The  coloring  used  on  the  maps  was  as  follows:  For  fences,  yel- 
low lines;  for  water,  blue  lines;  for  frame  structures,  gamboge; 
for  brick  structure^  tight  red;  for  stons  structures,  a  neutral  tint; 
for  platforms,  sidewalks,  farm  crossings  and  for  Iron  and  steel 
bridges,  Payne's  gray  ;  for  railway  property.  Lake  red;  for  streets, 
Vandyke  brown.  The  tinting  on  the  200-ft.  scale  maps  was  ruled, 
but  on  the  GO-ft.  scale  maps  only  a  narrow  wash  around  the  edges 
was  used. 

Time  and  Coit  of  Burvei/. — The  resurvey  described  was  begun  In 
April.  1903,  and  was  completed  In  October,  1906,  the  work  In  the 
Held  occupying  only  eight  months  of  the  year.  Paying  the  asslst- 
1  charge  IIIS.SI  per  month,  rodman  $65  per  month. 
I  160  per  month,  the  following  records  of  time  and 
cost  of  surveying  1112  miles  were  obtained: 

Days.  Cost. 

Cbatnlng  and  setting  stakes SSU  1379 

Topography,  taking  notes &7{4  Bfil 

Running  section  lines  and  comers...     Z«  3tT 

Survey  ot  station  grounds 28%  231 

Running  lines  to  vtllage  plots 20%  204 

Total 20E  tlMi 

The  totals  give  the  labor  cost  per  mile  surveyed  as  tlO.22,  ex- 
clusive of  leveling.  The  labor  cost  ot  leveling  12T.B  miles  was  %1M, 
making  the  cost  per  mile  tl-SO>  and  tbs  time  required  for  the  work 
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■wa*  20  days.    The  total  coat  of  labor  and  materlala  for  mrvartnK' 
Ggl  milsa  waa  oa  follow*; 

Total         P«rinii«. 

Fieldwork.  on  nirvey %  G,13B              f  1.01 

Fleldwork,  material 191  0.«i 

FIsldwork.  aettlng:  monumeDta 899  l.GS 

Uaterlal.  Bettlne  monumeata 415  C.11 

Office    work,    plDttlng    maps 5,64t  9.S4 

Office  work,  materlala 44(  0.T7 

Crying  village  plots  at  county  afflcea.  7EZ  1.30 

Office  work,  copying-  notes,  tables,  etc...  l.OEO  1.81 

TotaJs tl4,7SS  (35.38 

A  total  of  S09  monumenta  were  set  at  a  unit  cost  of  %l.t6  for 
labor  and  44  eta  for  materlaL 

Detroit,  Grand  Raphw  *  Nobtbswj  Sorvbt, 
The  resurvcy  of  the  Detroit,  Oraiid  Raplda  ft  Northern  Ry.  tor 
389  miles  twgan  la  July,  1896,  and  wbb  completed  In  December. 
1898.  The  method  of  work  waa  the  lame  as  that  doKrlbed  tor  tbo 
Chicago  A  West  Michigan  Ry.,  and  the  wages  paid  were  the  mitic 
except  that  the  engineer  In  charge  received  tlOD  per  moatli.  The 
total  cost  of  the  survey  and  mapping  waa  as  follows : 

Total.         Per  mile. 
Fleldwork.  on  survey tS.ifil 


Fleldwork.   setting  monuments TSG 

Uaterials.   setting  monuments 285 

Office    work,    plotting    maps 3,333 

Office   work.    materlalH ST9 

Cniylng    village    plots tlS 

Office  work,  copying  notes,   tables,  etc...  234 

Fleldwork,   running  levels.  351   miles 437 

Fleldwork.    plotting   pronies. . .-. t2S 


.36 


Totals    $9,364  124.06 

Cost  of  Railway  Survcyt.~In  making  a  railway  survey  along  the 
Columbia  River,  In  open  rolling  country,  my  records  show  that  a 
topographical  party,  consisting  of  1  topographer  and  3  rodmen. 
averaged  I  'A  miles  a  day,  taking  a  strip  400  (t.  wide,  contours  5  ft 
apart.  A  hand-level  and  tape  were  used.  In  this  same  country  a 
leveler  and  rodman  could  readily  run  t  miles  of  profile  levels  lo  a 
day,  although  It  was  safer  to  count  on  4  mile*. 

On  another  similar  survey  In  southern  New  York  state,  In  com- 
paratively level  country,  a  transltman,  3  chalnmen  and  a  stake 
artist,  averaged  2  miles  of  transit  line  per  8  hra  Station  stakes 
were  set  every  100  ft  This  same  party,  later,  took  a  belt  of 
topi^raphy  £00  ft.  wide,  at  the  rate  of  1 U  miles  a  day.  setting  a 
transit  up  at  each  station  and  taking  telemeter  readings  for  dis- 
tance and  level  readings  for  elevation  with  long  bubble  of  transit. 

The  cost  of  a  preliminary  rallToad  survey,  near  Lake  SSrIe,  was 
as  follows,  using  stadia  measurMnents : 

Chief  of  party 1  6.00 

Transltman    1.00 

Recorder    3.00 

6  rodmen,   at   fl 10.00 

Total  salaries  per  day t>l-00 


ENGINEERING  AND  SURVEYS  llfn 

This   party  Tan   46   inllea   In    SO   daya,    aeveTal   of   which   waT« 
atonuy,  and  they  took  a  bolt  of  topography  800  ft  vrtda.    The  co«  . 
waa  about  tl4  a  mile,  or  190  a  pcnuire  mllo  for  tha  field  work. 

fJal&K  the  chain  method  U  took  a  party  24  daya  to  ma  45  mile*. 

In  Tmna  Am.  Boc  C.  EL,  Vol.  31,  p.  81,  Mr.  M.  L.  Lynch  atatea 
that  one  mile  of  Una  a  day  la  a  fair  averaice  In  partly  timbered 
country,  for  prellmloary  work.  Ha  glvei  the  average  coat  of  eurveya 
at  t*0  a  mile  of  located  line. 

Mr.  Kenneth  Allen  atales  that  In  Kansas  pralrlei  he  ran  Z\i  miles 
of  itadla  tine  In  G.T  montha,  or  £.1  inllM  per  day,  a  party  coatins 
as  follows  per  day: 

Trandtmon  f  6.00 

Leveler     4.90 

i  rodmen,  at  $2.E0 6.00 

Axtnan     I.OD 

Teamster  and  team S.OO 

Total  per  day fSO.OO 

The  coat  was  III  a  mile.  Bench  levels  were  run  ahead  of  the 
transit.     The  best  day's  run  was  8  mllea. 

Tha  Cost  of  Transit  Lines  In  Heavy  Timber, — In  running  transit 
lines  through  the  dense  timber  of  western  Waahington,  for  roads 
and  railways,  I  have  found  that  a  party  of  6  men  (conalstlnr  of  a 
transltman,  two  chalnmen.  two  azmcn  and  a  nagman.  who  also 
served  as  on  axman ).  averaged  about  1,800  ft.  of  line  run  [wr  10 
hours.  It  was  exceptional  that  2.000  fL  were  averaged  even  for  two 
or  three  daya  No  treea  more  than  a  toot  In  diameter  were  chopped : 
but  the  Krowth  of  great  flrs  and  cedars  (occaMonally  one  was  10  ft 
In  diameter),  and  the  maaa  of  fallen  Umber  under  foot  made  the 
advance  alow.  Where  the  timber  was  not  so  dense.  It  waa  possible 
to  run  from  3.000  to  6,000  ft.  a  day.  aettlng  station  stakes  every  100 
ft.  In  running  a  traverse  along  a  country  road,  where  there  waa 
no  tree-chopping  at  all,  the  Eame  party  would  run  6  miles  a  day. 

In  running  profile  levels  over  these  transit  lines,  a  leveler  and  rod- 
nuui  would  average  4.000  fL  a  day  In  rough  and  densely  wooded 
country:  and  6.OD0  ft.  In  wooded  country  where  tha  fallen  timber 
did  not  retard  walking  so  much.  In  all  cases  the  actual  time  either 
on  transit  or  level  work  averaged  S  hrs.  per  day,  and  about  i  hra. 
per  day  were  consumed  In  going  to  and  from  camp. 

The  foregoing  records  apply  to  lines  BBgre^tlng  several  hundred 
mllea  In  length,  and  are  given  partly  from  memory  as  my  ortgloat 
detailed  notes  were  lost  in  a  fire. 

Coat  of  Topoflraphle  Burvay  for  1tO>Acr«  Park. — In  the  Btate  of 
Washington  the  author  was  in  charge  of  a  survey  for  a  small  ctty 
park  of  160  acres.  Tha  work  waa  dona  In  August,  1802.  with  a  partjr 
of  G  men.  whose  dally  wages  were  as  follows; 

Transltman    I  G.OO 

Recorder   1.00 

2  chalnmen,  at  t2.G0 6.0* 

1  aunan   S.OO 

Total  per  day (16.00 
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Thla  party  was  enKased  H  days  In  Qeld  work.  In  addition,  a. 
dra^timiui  and  comcuter  was  engaseil  lor  40  days  rsducloK  the  nolea 
and  plattlnK  the  map  to  a  acale  ot  100  ft  tj>  the  Inch.  umtourB  10  ft. 
apart.    The  co»t  of  tha  mirver  and  maii  waa,  therefors,  as  followa; 

Field  work,   t«  daya,  at  tlE tS90 

Office  work,  10  d&yB,  at  tS 110 

Total,  160  acrei,  at  13.20 fSlO 

Thla  1b  at  the  rate  of  tS.040  per  sq.  mile.  Thla  high  cost  was  due 
to  the  rouKhuesB  of  tha  BTOimd  and  to  the  fact  that  about  half  the 
area  waa  densely  Umbered.  The  area  aurreyed  was  a  hill  about  330 
ft.  high,  cut  up  by  a  number  of  gulchea.  A  traverae  llne^  1  mile* 
long,  was  first  run  to  enclose  the  talll,  station  stakes  bebiK  set  every 
100  ft,  ualnK  a  tape  and  transit.  Then  10  parallel  cross-llnas  were 
run  along  ridges  throu^  the  woods  over  the  hill,  using  tape  and 
translL  The  aggregate  length  of  these  cross-llnca  was  3  miles. 
Pronie  levels  were  taken  with  a  T-level  along  all  the  transit  lines. 
Contours  were  Icwated  by  means  of  the  stadia,  the  transit  being  set 
upon  hubs  on  the  transit  lines.  The  density  of  the  timber  greatly 
retarded  the  stadia  work,  due  to  the  axe  work  neceasary.  "Were 
1  to  repeat  this  woik,  t  should  run  a  traverse  around  the  area  as 
before,  chaining  and  leveling :  then  all  the  necessary  cross-lines 
over  the  hill  would  be  run,  using  the  stadia.  Where  woods  are 
heavy  It  Is  necessary  to  run  such  cross-llnGS  close  together.  I  Aould 
Increase   the  number  of  axmen,   and   have   rodmen  also   serve   aa 

Cost  of  Topographle  Survey  ot  St.  Louis, — Ur.  Oliver  W.  Connet 

gives  the  following:  The  area  covered  by  triangulatlon  was  30  aq. 
milea,  the  average  length  of  the  sides  of  the  triangles  being  I!4 
miles.  About  92%  miles  of  precise  levels  were  run  In  duplicate  at 
a  cost  ot  130  per  mile,  four  benches  per  mile.  The  stadia  method 
was  used  for  topography,  contours  being  3  ft  apart,  about  100 
points  being  located  by  a  party  In  a  day.  The  party  consisted 
of  1  topographer.  1  recorder,  3  stadia,  men,  and  1  utility  man.  The 
average  was  3.65  points  per  acre  The  time  of  a  party  occupied  In 
field  work  for  23<4  sq.  miles  was:  Triangulatlon,  62  daya:  preclas 
levels.  111  days;   topography,  248  days;   total,  424  daya    The  coat 

Triangulatlon    |l,S12or  11% 

Precise  levels 2,T«I  or  16% 

Topography 8,060  or  36% 

Office    work    (reduction   of    notes   and 

plotting) 6,286  or  IT% 

Total |I6,»«0  or  100% 

This  Is  equivalent  to  %^^B  per  sq.  mile,  or  t1-13  per  acre. 

The  average  cost  of  the  peJ*tr  per  day.  Including  tranapoitktiM, 

Triangulatlon |2>.tE 

Precise  levels 14.1B 

Topography     14J10 
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Cost  ar  m  Stidia  Survay,  Baltimore. — Ur.  B.  A.  MacGregor,  tn 
Trans.  Am.  Soc  C.  a.  Vol.  4i,  p,  lia,  glvoe  the  rollowlny  on  the 
coat  of  a  atadla  Burvey  of  the  City  of  Baltimore,  Mi  The  map  was 
plotted  on  a  scale  of  ZOO  ft.  to  the  Inch,  and  fences,  roads,  houses 
(With  aome  details  of  housea),  G-It.  contours,  wooded  and  cultivated 
oreaa,  creeks,  etc.,  were  shown.  E^rerythinK  was  plotted  In  the  field. 
The  average  error  of  closure  was  1  In  TOO.  The  averagie  number 
of  shots  was  6,100  per  sq.  mile.  The  number  of  shots  per  Oar 
averaKed  IgD,  the  maximum  was  340,  all  the  plotting  and  altetchinK 
being'  done  in  the  Held.  The  ahota  were  taken  and  recorded  by  the 
recorder,  and  plotted  by  the  draftsman,  who  stood  nearby ;  the 
topographer  In  charge  did  the  aketchlng.  The  cost  of  thla  Held  work 
alone  was  tS50  per  sq.  mile  for  a.n  area  of  83,3  sq.  milea 

Cost  of  Topographic  Survey,  Westchester  Co..  N,  Y,— Mr.  Q.  U 
Christian,  In  Trans.  Am.  Soc.  C,  B.,  Vol,  i4,  p.  116,  e\vea  the  cost  of 
niaklng  a  aurvey  In  July,  1898,  of  a  67-acre  tract  of  land  in  West- 
chester County,  N.  Y.  Three-fourths  of  the  tract  was  wooded,  with 
much  thick  underbrush.  The  land  waa  much  broken,  having  a  total 
rise  of  150  ft.,  with  slopea  of  2%  to  40%.  The  transit  lines  (12,750 
ft.)  covered  the  controlling  polnta  stakes  being  set  every  BO  ft.,  and 
profile  levels  taken  with  T-level.  Prom  these  lines,  with  a  hand 
level  and  tape,  the  E-ft  contours  were  located.  The  map  waa  plotted 
on  a  scale  of  100  ft.  to  the  Inch.  The  cost  per  acre  was  as  follows: 
Bunning  transit  tinea tO.40 

Bunnlng  T-levela 0.19 

Contours  with  hand  level O.SJ 

Stakes    O.OT 

Plotting  transit  lines 0.13 

Plotting  contour  lines O.IB 

Total  per  acre (I.IT 

This  Is  at  the  rate  of  tS.40  per  sq.  mQe. 

cost  of  Topographic  Survey  Near  Baltimore.— Mr.  Kenneth  Allen, 
in  Trans.  Am.  Soc.  C.  K.,  Vol.  44.  p.  113,  gives  the  following  rela- 
tive to  the  cost  of  stadia  surveys  made  for  the  Baltimore  Sewerage 


Contour  Interval   6  fL           B-ft.  B  ft.          2.B  ft.  3.6  ft. 

Scale  of  map 1"=800'  l"i=800'  1"=400'  l-=300'  lOsrSOO' 

Area,  sqtiare  miles 3.04          2.T6  4.33          0.823  0.733 

Area,  timbered 47%          27% 

Area,  water  surface Z%          12%  18% 

Area,   per   day,   water 

surface    0.1)7          0.131  0.OT9          0.OE3  O.OES 

SOL  per  sq.  mUe tS4.90       (78.00  1140.20  |S23.ei  I26E.Z1 

Exp.  per  sq.  mile 11.91          1S.4S  2S.E4          30.73  13.E0 

Cost  per  sq.  tnUe tS«.81        194.49     (168.74      (354.34       (360.71 

These  costs  do  not  Include  niapplng  done  In  the  ofilce,  but  do  In- 
clude maps  made  In  the  Held.  In  surveys  1  and  V  the  ground  had 
gentle  slopes;  In  III  the  range  of  elevation  waa  126  ft.,  but  In  the 
other  areas  it  did  not  exceed  40  ft.  Comparing  I  and  TT  shows  the 
Increased   cost   where   2.B-fl.   contours  are  located.      Coraparlns   1 
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and  II  diowa  tlie  ecoaomr  of  readlns  bearlngB  wttb  a  cotnpoa  (In- 
>te«d  ot  with  a  TertUer)  and  MtUnx  up  on  alteniate  point*  niilcta 
wa«  done  in  surTar  L 

Ur.  Kenneth  Alien,  In  Trans.  Am.  Soc  C  K.,  VoL  SO,  p.  614, 
Slvra  tfaa  folIowlnK  data :  A  Madia  survej'  made  for  the  Pblladdphla 
Water  Deinrtment.  In  ISS4,  covered  44S  equare  mllea  and  occupied 
16i  dara  Held  work  In  the  PnUomen  Water  Baslit  in  BuclM  Mont- 
gomery  and  Lehigh  Countlea.  The  contours  were  10  ft.  apart 
plotted  on  a  scale  of  400  It.  to  the  Inch.  All  roads,  tmUdbiBa  and 
timber  outlines  were  ahown.  The  party  consisted  of  1  tranMtntan 
and  1  rodman  ;  the  averaKc  area  covered  per  day  taking  notes  Id  the 
field  was  0.434  square  mile;  the  average  area  covered  per  day  plot- 
ting In  the  field  was  O.Sl  aguare  mile. 

On  a  survey  In  the  Connellsvllle  coke  region,  a  surrey  sbnllar  to 
the  above,  but  more  detailed  and  plotted  to  a  scale  of  SM  n. 
to  the  Inch,  contours  10  (L  apart,  covering  an  arm  of  1(8  square 
nttles.  cost  tlK  per  square  mile,  Including  the  locBllon  of  farm 
boundaries,  coal  outcrops  and  areas;  and  the  reduction  of  an  pre- 
vious surveys  to  the  same  scale.  The  coat  of  the  field  work  on  the 
topography  alone  was.  however,  only  |4D  per  square  mile,  or  about 
one-third  the  total  cost  The  cost  of  engravlns'  and  publlAInK 
was  about  fSO  per  square  mEle  more. 

Coat  of  Three  Stadia  Topogrsphie  Surveys^ — Hr.  F.  R  Maltby, 
In  Jour.  Assoc  Bng-  Sac,  1B3G,  has  an  article  on  "Methods  and  It«- 
sulta  of  Stadia  Surveying,"  from  which  the  following  abstracts  hav« 
been  made: 

A  party  should  conelat  of  an  observer,  a  recorder,  and  I  to  4  rod- 
men.  A  good  observer  In  open  country  can  locate  BOO  polQta  a  day 
for  a  map  of  600  ft.  to  the  Inch.  This  meana  about  GU  or  t  bra.  ot 
actual  observing,  and  gives  an  average  of  I  ^  ahota  per  mlniite. 
Two  men  using  the  Colby  protractor  (one  calling  off  and  one  plot- 
ting) plotted  Sit  shots  per  hour,  as  the  average  of  IG^  hra 

A  stadia  line.  IE  miles  long,  over  which  levels  were  run,  cheddtig 
on  each  stakft  showed  discrepancies  between  consecutive  stakee  a« 
high  as  0.S  ft,  but  the  total  error  for  the  IE  miles  was  Ion 
than  1  ft 

The  coat  of  atadla  surveys  varies  widely.  The  topograpbtcal  sor- 
vey  of  Baltimore,  for  topography  alone,  excluding  trlangulatlon  aDd 
precise  levels,  cost  fl.SD  per  acre.  The  scale  of  the  map  ts  IDS  ft. 
per  in.,  and  all  buildings,  street^  alleys,  etc,  are  located.  The  cost 
of  the  topography  of  the  survey  of  St.  Louis  was  Tt  eta.  per  Bcrci, 
scale  of  map  the  same,  but  few  buildings  and  few  etraet  comer* 
were  located.  A  topographical  survey  of  1,000  acres,  near  Madi- 
son, IlL,  In  1893,  cost  60  eta.  per  acre  Including  mapping;  scale  waa 
400  R.  per  In.,  and  all  bulldlnga,  fences  railroads,  etc.,  were  located. 

Several  different  tracta  of  land  near  SL  Lout^  of  100  to  100  acr«K 
were  surveyed  for  10  to  40  eta  per  acre.  In  theae  caoes  a  scale  oC 
400  ft.  par  In.  and  a  3-ft.  contour  Interval,  and  only  tba  conflgora- 
lon  of  the  ground  were  required. 
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A  Burvey  of  S.SOO  acrea  Id  southweat  Texas,  In  1S91,  waa  made; 
i-tU  coutours;  and  400  ft.  per  in.  scale;  ground  was  rolltng  and 
partly  c«veied  with  brush;    condition  favorable;    cost,   7  cts.   per 

Topographical  work  on  tho  Mlsslsalppl  River,  tn  1891,  oast  |SS 
per  sq.  mile;  on  the  Hiasauri  River,  In  1895,  |31  per  sq.  mile,  or  B 
to  6M  cts.  per  acre.  Bcale  was  1,000  ft  per  la,  contours  6  ft.  apart, 
all  buildings,  roads,  fences,  limits  of  culture,  etc.,  located.  This 
coat  Includes  a  vstam  of  tertiary  trlangulatlon,  but  does  not  Include 
mapping. 

Cost  of  Surveys,  Erie,  C«nal.~Hr.  D.  3.  Howell  gives  cost  of 
making  surveys  for  the  Mohawk  Ship  Canal.  90  miles  along  the 
Hobawk  Valley  from  the  Hudson  River  westward  to  Herkimer.  The 
work  was  done  by  stadia  parties,  conriatlng  of  1  chief,  1  observer, 
1  recorder  and  4  rodmen.  The  area  mapped  Was  47,400  acres.  Of 
Which  8,600  are  river.  The  average  coat  was  86  cts.  per  acre.  Includ- 
ing soundings  of  the  river,  field  and  otRce  work,  but  excluding  teat 
pits  and  borings.  Contours  were  2  ft  apart:  map  acale  1  In  2, GOO. 
A  oroaa-country  survey,  ZS  miles  long,  embracing  7,600  acrea  (no 
vlllagea  or  cities),  cost  27  eta  per  acre  for  the  field  notes  eind  tl|e 
reduction  of  the  notes  ready  for  plotting.  The  coat  of  the  plotting 
was'  eetlmated  to  be  about  £3  eta.  per  acre  more,  making  the  total 
coat  about  SO  cts.  per  acre.  The  men  were  well  trained  and  the 
weather  was  favorable  on  thia  2E-mlle  atretch. 

Hr.  William  B.  Landreth.  In  Trans.  Am.  Soc  C.  EL,  VoL  44.  p. 
92,  discusses  the  methods  and  cost  of  stadia  topographic  surveys 
made  to  determine  the  location  of  reaervoira  and  conduit  lines  for 
the  Rome  level  of  the  Deep  Waterway  on  the  Oswego-Mohawk- 
Hudson  Route.  The  surveys  mere  made  between  Aug.  1,  1898.  and 
June  1,  1890,  acarcely  any  time  being  lost  from  bad  weather.  A 
party  conalated  of  I  engineer  In  charge,  1  transltman,  1  recorder.  } 
or  more  stadia  rodmsn,  i  or  more  oxmen.  1  draughtsman,  and  1 
computer.  Bach  rodman  waa  given  a  particular  claae  of  work,  one 
tallowing  atreams,  another  taking  roads,  another  woods,  and  so  on. 
When  convenient  all  rodmen  kept  on  the  aame  aide  of  the  transit. 
Contour  Intervals  were  10  tL  on  the  Salmon  River  and  the  Black 
River  surveys,  and  E  fl.  on  the  Pish  Creek  line.  At  the  close  of 
each  day  the  field  party  reduced  the  stadia  notes.  The  scale  of  the 
Salmon  River  and  the  Black  River  maps  waa  1 :  10,000.  and  of  tho 
Flah  Creek  map,  1 :  6,000.  About  6G%  of  the  Salmon  River  area  Is 
covered  with  amall  second  growth  timber  and  swamps.  The  counlry 
is  rough.  The  Black  River  Valley,  between  the  vlllagea  of  Carthage 
and  Lyons  Falls  was  surveyed  up  to  the  79a-ft  contour.  Only  26% 
of  the  area  is  wooded,  and  the  country  la  not  very  rough.  The  Flah 
Creek  Valley,  from  2  mllea  above  WUllamatown,  to  Z  miles  below 
Taberg.  a  distance  of  21  mllea.  was  surveyed,  the  survey  covering 
the  valley  and  a  portion  of  the  side  slopes  to  an  elevation  of  TS  ft. 
above  the  creek.  The  ground  was  moatly  grailng  and  farm  land, 
it%  of  which  waa  timbered.  The  cost  o(  the  three  surveys;  Includ- 
ing finished  maps,  traveling  expenses,  eta,  was  as  follows : 
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Black  F\A 

,^ ^„i^  .p^ j»>*  mlln IK 

Set-upa  . 


River  Hirer. 

Atmu  aqtMr*  mils IE  8E 


3,838  11,16*  11.77C 

SqiuiM  mllM  per  day 0.31  i.Sl  0.46 

Ffeld  vork   per  square  rolle ffiC-OO  tl6.5Q  tS4.0S 

U«p  work  per  aquare  mile U.OO  7.00  SE.OO 

Total  per  aguare  mile fSD.OO  fSS.EO  |T3.oe 

Note. — The  coat  o!  the  baae  line  mrveys  tor  tbe  Salmon  RItbt  and 
Flah  Creek  work,  and  for  one-third  o(  the  Black  River,  la  not 
Included  Id  the  coau  above  given:  the  ooats  Include  no  le<vaIlaK 
but  only  the  atadla  field  work  and  mapping,  ezceiitlns  on  the  Bladi 
Blver  where  baae  lice  and  leveling  coats  for  two-thlrda  the  tenl- 
tory  are  included. 

Coat  of  U.  S.  Deep  Waterway*  Survey,  N.  Y.— Mr.  A.  J.  Hlmea,  la 
Trana  Am.  Soc.  C.  E.,  VoL  44,  p.  105,  Klvea  the  following  data  oa 
the  U.  B.  Deep  Waterways  Surveys  for  a  30-tL  canal  along  the 
Oawego  and  Mohawk  Rlrera,  a  distance  of  91  miles.  A  sufllcleDt 
number  of  stadia  readings  was  taken  to  develop  2-ft  contours. 
About  83%  of  the  area  waa  mapped  on  a  acale  of  1 :  E,000 ;  the  other 
17%,  on  a  acale  of  1:2,E00.  There  were  12  aq.  mllea  of  soundlngi 
made  In  Oswego  Harbor  and  Oneida  L«ke,  and  plotted ;  and  an  ana 
of  about  73  sq.  miles  of  Onei  la  Ldke  and  Oswego  Hsrt»or  waa  de- 
termined by  trlangulaCIOD.  There  were,  besides,  121  sq.  mlle«  of 
land  topography  taken.  All  buildings,  roads,  railroads,  property 
lines,  streams,  orchards,  awampa.  etc.,  were  located.  A  stadia  party 
consisted  of  1  Inatrumentman.  1  recorder  and  S  rodmen.  with  aome- 
tlmea  1  laborer  tor  cutting  bruab  or  rowing  a  boat  E^ch  night 
the  party  reduced  the  stadia  notes  and  calculated  the  co-ordinates. 
The  error  of  doaures  was  readily  kept  wHhln  I  in  700:  and  errors 
In  elevation  seldom  exceeded  1  ft.,  being  usually  leas  than  0.5  ft. 
Sights  2,000  ft.  long  were  often  taken.  Charts  were  found  to  be 
much  better  than  tables  for  stadia  reductions.  The  work  was  beeun 
Oct  33,  1B3T,  and  finished  Nov.  G,  1898.  In  no  month  were  more 
than  5  days  lost  on  account  of  bad  weather.  The  average  number 
of  readings  was  1,440  per  eq.  mile.  The  minimum  average  area 
covered  per  day  by  one  party  on  a  single  piece  o(  work  waa  O.OSS 
sq.  mile.  The  maximum  was  0.2E7  aq.  mile.  The  average  for  the 
whole  survey  was  0,123  sq.  mile  per  party  per  day.  The  cost  waa  a* 
follows  per  sq.  mile: 

Fleldwork   (ITS 

Mapping   101 

Total  pec  sq.  rolle fZSO 

This  Is  exclusive  of  swamps  and  lakes  not  sounded. 
Coat  of  Qovemment  Topographic  Surveys, — Mr,  Marcus  Baker,  to 
Trans.  Am.  Soc  C.  K,  Vol.  30,  p.  613,  gives  the  cost  of  Qovenuneot 
topographic  surveys  In  many  European  countrlea  to  which  the  read- 
er Is  referred.  The  U.  S.  Qeological  Survey  of  New  lersey  waa 
begun  In  1877  and  finished  In  1S87.  covering  an  area  ot  7,894  aqoare 
mllea.  with  contours  10  and  20  ft.  apart  The  cost  was  |S.93  per 
square  mile,  which  Includea  all  ezpensea  In  producing  a  map  read; 
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tor  tba  engraver.  The  engraved  map  Is  on  a,  scale  ol  ab«nt  1  mils 
per  Incb.  A  dmljar  Burver  of  MaHBachusetts,  made  1SS4-1SS8, 
contour  Interval  20  ft,  coat  |13  per  sq,  mile.  A  oimllar  survey  of 
Bhode  Island,  made  1S88-18H9,  cost  fs  per  sg.  mile.  A  similar 
survey  of  Connectlrut,  E,D04  sq.  miles,  made  1809-1890,  on  a  scale  of 
1  mile  per  Inch,  20-tt.  contours,  cost  $9. SO  per  sq.  mile  for  map 
ready  for  engraver. 

A  topographic  map  of  the  banks  of  the  Ulsslaslppl  Rtver,  from 
Cairo  to  the  Oulf  of  Mexico,  was  completed  by  the  Qovernment  In 
1B84,  at  a  cost  ot  (51  per  aq.  mile  for  1,064  sq.  miles  of  land  and 
water  aurface.  The  manuscript  map  waa  on  a  scale  of  1 :  10,000, 
embracing  Che  river  and  a  strip  ot  land  %  mile  wide  on  each  side. 
The  river  was  carefully  sounded. 

lit.  Baker  glvea  estimates  of  the  coat  of  surveya  made  by  the 
Coast  Survey,  but  these  eatlmates  are  stronRly  disputed;  more- 
over they  are  of  minor  value  Co  eDgineers  In  general  practice,  ao  the 
reader  la  referred  to  the  Transactions  for  the  data. 

The  N.  T,  State  Engineer's  Report,  189T,  gives  the  cost  ot 
topographical  surveys,  tor  Che  Dept.  of  Che  U.  S.  Qeol.  Survey,  as  fol- 
lows per  square  mile,  contours  30  fC.  apart,  and  map  on  a,  scale 
of  about   ]   mile  Co  Che  Inch :  Sq.  mile. 

Triangulating   (1,370  sq.  miles) (2.00 

Topography    8.  TO 

Offlce  work 0.60 

111.30 
The  total  cost  of  IG.llS  aq.  miles,  for  field  and  office  work,  had 
been  111.08  per  aq.  mile.  A  table  giving  the  cost  of  2,200  sq.  miles 
shows  a  range  ot  (4.36  to  (25  per  sq.  mile,  the  average  being  tI0.05 
for  field  and  offlco  work,  of  which  tS.43  was  the  cost  of  field  work. 
The  cost  of  office  work  ranged  from  (1.16  to  (4.05  per  sq.  mile,  and 
averaged  tl.82. 

Cost  of  Triangulatlon  and  Piana  Table  Survey*.*— During  the 
spring  of  190S  a  trlangulaCion  system  consisting  of  48  signals  and 
controlling  about  IGO  square  miles  was  Installed  on  the  Qrand  Val- 
ley Project  (U.  8.  Reclamation  Service),  and  during  the  field  season 
ot  the  same  year  a  plane  table  survey  of  approximately  127  square 
miles  was  made  and  mapa  prepared  on  a  scale  of  1  In.  to  1,000  ft. 
with  lO-tt  contour  intervals.  A  careful  record  of  expenditures  waa 
kept  and  the  Itemised  costs  are  shown  below. 

In  the  triangulation  survey  Che  stgnela  consisted  of  3  by  4-1d. 
posts  14  fC.  high,  erecCed  over  pieces  ot  K-ln.  gas  pipe  driven  from 
IS  Co  24  Ina  In  the  ground  and  held  erect  by  three  guy  Wires  to  each 
posC.  The  signals  were  arranged  2  M  miles  apart  and  i^ere  Stations 
were  required  more  frequently  or  section  ties  were  required  out- 
side ot  the  area  mapped  the  charge  for  such  work  waa  made  against 
Che  topographic  mapping.  The  costs  of  triangulatlon  survey  shown 
Include  Che  cost  of  measuring  base  lines  and  of  making  Polaris  ob- 
•ervatlons.  No  camp  was  established,  and  subsistence  was  obtained 
at  hotels  and  farm  houses  In  the  vicinity. 

'Bnffhteminn-Cimtractine,  May  £6.  1909. 
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Coat  or  TsiANODL,ATioM  SuBTBT,  Okand  TAim  Fmofwcr. 
&v.  time 


per  aq.  R&te  Coat  per 

m&tt,  daya      per  day-       tR.  mile. 


DUtrlbnthm. 
Traiultnuiit 0.11  fT.SD  tO-8» 


Bocorder   

Flaaman    

Computer 

Hired  horaei ■.■,■.'.■,■.■.■,'.■.■.■.■.'.'.■ '.','-'.'.'. 
Govenunent  hortea  (depreclatloo) . . 
Depreciation  of  equipment 


Supplies,  mlaceilaneoua .11 

Supplier  atahes  aod  mooumenta ....  .li 

SuppUea,  repairs .n 

Supplies  forage   .11 

Total  coat  per  square  mile IS.C1 

In  the  plane  table  survey  tlie  field  party  umally  conslBted  of  1 
plane  table  man,  1  recorder  and  3  rodmen,  but  at  times  a  drinr 
va>  necessary  lor  teams  used  by  level  and  topographic  parties.  T&t 
camp  teamster  hauled  the  supplies  necessary,  but  the  men  fumlibcd 
their  own  subsistence  by  orBBnlilng  a  club.  The  cost  of  hay  wsi 
116  per  ton  and  of  oats  ft. SO  per  hundred  weight.  The  area  mailed 
was  lalrly  rouKh  on  the  average,  but  the  cost  was  quite  Taiiabia 
On  level  mesas  the  cost  was  as  low  as  |1B  per  sq.  mile,  but  wbera 
the  area,  mapped  consisted  of  small  fruit  farms  with  aumaroos 
buildings,  roads,  fences  and  Irrlgatfon  and  waste  ditches,  the  coat 
ran  as  bigh  as  fTS  to  ISO  per  aq.  mile. 

Cost  or  Pi^ni  Tabic  Topooraphic  Bvmt,  Ommp  vai.lvt  pmoimar. 
Av.  time 
per  sq.  Rate  Cost  pa 

Distribution.  mile,  daya    per  day.       aq.  nOlft 

Project  office  expenses fl.tl 

Transltman  0.0!  «.SS  .91 

Flagman    01  2.00  .01 

Levelman    47  1.00  1.41 

Level  rodman 51  t.IE  l.lt 

Driver    SI  J-M  .« 

To|M>grapher   i.tO  3.04  8.<S 

Recorder   3.M  3.»  B.» 

Stadia  rodman   O.IE  3.00  13.33 

Hired  horses   G.8)  .SO  2.t3 

Oovemment  horses  (depreciation)...     4.31  .IE  1.31 

Computer     4S  3.1G  ].«3 

Draftmnan  (chief  of  party) Si  S.SS  !.«■ 

Camp  cook  and  teamster 3.70  1.00  7.41 

Depreciation  of  equipment t.<l 

Veterinary   service    ....  .04 

Supplies,  miscellaneous   ....  l.l( 

Supplies.  Btakes  and  monuments .<S 

Supplies  repairs   ....  .SI 

Suppllen,  forage ....  4.B0 

Supplies,   shoeing    .  •  ■ ,  .SI 

Traveling  expenses  tor  field  party ....  .01 

Subsistence    for   field    parties   remote 

from  camp   ....  .41 

Total  cost  per  square  mile IGT.Ti 
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CMt  or  TcposraphicBl  Survey,  Texas.*— The  survey  covered  about 
900  acTce  of  rolllns  hills  near  San  Antonio,  Tex.,  the  raoKe  ol  ele- 
vations being  somethiiiK  over  100  ft.  The  srouod  nas  heavily 
wooded  with  mesqulte  brush.  Three  roads  In  each  direction  which 
had  been  previously  stalled  and  cleared,  urovldad  a  skeleton  lor 
horliontal  controL  Ijeveli  were  run  from  a  dletance  of  two  mllesi 
and  bench  markt  eatabllihad  at  Intervals  of  one-third  ot  a  mile 
alonx  the  mads,  the  proQlea  of  the  latter  being  takeo  elmultaaeoualy. 
The  details  were  then  flUed  In  by  random  stadia  lines,  nin  by  com- 
pass and  with  short  coursee  In  such  a  manner  aa  to  avoid  clearing. 
No  permanent  marks  were  used  at  set  up  points  and  only  the  altei^ 
nate  points  were  occupied  by  the  Instrument.  The  whole  survey 
was  made  by  a,  party  conslstlnE  of  Inetrumentman  and  rodman. 
Five-foot  contours  were  obtained  and  the  tract  was  mapped  on  a 
scale  of  iOO  ft.  to  the  Inch. 
The  Itemized  cost  of  the  survey  and  mapping  was  as  follows : 
?l«lif  iBorfc;  TotaL       Per  Bcr«. 

Party  of  two.  7  days,  at  17.20 tE0.4D 

labor  extra 2.00 

Total     tBi.40  tD.0G8 

Office  iBork; 
Platting  and  mapping,  1  man  lO'dayB.tSB.DO 
Otnce  expenses  and  materials E.SO 

Total    140.80  {"-''^S 

arand  total   (91.00         fO.lDt 

For  the  above  Information  we  are  Indebted  to  Ur.  Terrell  Bart- 
lett,  C.  E. 

Cost  of  Two  Small  Surveying  Jobs.t— The  flrst  Job  consisted  of  a 
transit  traverse  up  Town  and  Hanging  Kettle  Creeks  In  Clay  County. 
Miss.,  the  work  being  done  In  November,  1807.  A  summary  of  the 
work  Is  as  follows : 

Number  courses  Town  Creek 34 

Total  distance    1.97  miles  (10,416.4  ft) 

Number  courses  Hanging  Kettle  CredE 19 

Total   distance    12SmU«a  («,6t9.3  ft) 

Number  of  courses  In  both  creelts GS 

Distance,    both   creeks i.iS  miles  (17,044  tt.) 

Average  course S21.7  ft 

In  the  Held  work  3  ^  days  were  spent ;  while  the  office  work, 
computing  and  mapping  was  6  days  The  working  day  was  9  hours. 
The  cost  of  the  field  work  was  aa  foUow*: 

Instrument  man,  at  f  G )17.E0 

Two  cbalnmen,  at  fl 7.00 

Two  rodmen,  at  11 7.00 

One  f»»Tnm,  at  f  1 3.S0 

Total.  SU  days fSB.OO 

•Enffineerlng-ContracUne,  Nov.  11,  1908. 
\Bnffii%€erinii-Contractina,  Aorll  22,  ISOS. 
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Tha  office  work  cost  f30;  a  draftBman  and  cMUpnter  at  ft 
being  employed  for  6  daya  The  total  cost  was.  therefiire, .  (85.04. 
and  (ta«  con  per  mile  was  120.12.  The  I/lt  section.  %  aectloa  and 
sectioQ  lines  had  been  run  acrooa  creeks,  and  tlea  were  made  to  aJl 
such  Unea.  All  lines  were  run  with  transit  and  steel  lap«  uid  all 
ang'lea  and  lEnas  checked  before  areas  were  computed.  The  map 
■hows  the  acreage  on  each  side  of  center  line  of  creek  in  irh  1/I( 
•ectlon  (10  acres)  crossedi.  The  traverse  was  made  on  one  banki 
the  creek  being  too  deep  to  cross.  .The  countiy  was  Oat  with  scat- 
terlng  woods  and  bushes.  The  second  Job  consisted  of  tbe  surver 
of  a  convict  farm  In  lUsslssIppI,  far  a  lumber  company,  tb*  wort 
being  done  durbig  January,  1908;  a  summary  of  tbe  worii  to  a* 
follows; 
Cultivated  tand: 

Number  cuts   E8 

Smallest  acreage  per  cent fi       acraa 

Largest  acreage  per  cent 16.G4  aarea 

Total  acreage  414.TT  acres 

Average  acreage  per  cut T.IG  acres 

The  time  In  the  field  was  S%  days,  and  the  time  In  office,  cem- 
putlng  end  mapping,  was  G  days;  an  S-hour  day  was  woriied.  nie 
cost  of  the  field  work  was  as  follows: 

Surveyor,  at  tS tI7.S0 

Four  helpers,  at  |I H.09 

Total,    3H    days Itl.GO 

The  office  work  cost  t^G,  a  draftsman  being  employed  for  E  day* 
at  tG  per  ^^V'  ^%e  total  coat  was,  therefore,  tEO.GO,  or  ll.G  eta.  per 
acre.  For  the  above  Information  we  are  Indebted  to  Mr.  Charles  U 
'Wood,  C.  B. 

Cost  of  a  Level  Survey  for  ■  Drainage  plsn.'—In  August.  ItM.  the 
U.  B.  Department  ol  Agriculture  had  a  level  survey  made  In  Clay 
and  Yankton  Counties,  South  Dakota,  for  the  purpose  of  itvtitipbit 
a  plan  lor  the  drainage  ot  the  bottom  lands  of  the  Missouri  River 
In  those  counties.  A  description  of  the  manner  In  which  this  sumy 
was  made  was  given  In  the  Annual  Report  of  Irrigation  and  Drain- 
age Investigation  B  of  U.  S.  Department  of  Agriculture  and  Is  repro- 
duced herewith. 

The  first  step  wni  to  collect  such  Information  concerning  tbe 
land  in  Question  as  could  be  obtained  from  the  county  reoorda 
Convenient  plats  for  field  use  were  made  upon  land  office  townablp 
blanliB  on  a  scale  of  2  Ina  to  the  mile.  Upon  these  were  traced  all 
land  office  data,  and  such  roads,  ditches,  and  alougha  as  were 
shown  on  the  county  mapa  A  day  was  then  spent  In  making  a  gen- 
eral reconnolssance  by  driving  over  the  area,  in  order  to  become 
somewhat  familiar  with  Its  general  topography.  In  this  reconnols- 
sance It  was  seen  that  the  section  lines  could  be  easHy  foUcwed,  as 

*Bnffi't«erlnff-Cmimctina,  Sept.  II,  190«. 
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wh«re  they  were  not  tnarlnd  by  bJcfaways  th6r«  wen  tenoea  or 
turnloK  rowB  locatAd  on  th«m,  and  nearly  all  the  OD«-<iuartsT  and 
one-rixteenth  section  Unei  could  be  approximately  located  on  the 
srouDd  by  fence  or  Held  lines. 

From  the  reconnolsBance  and  the  field  plot*  It  waa  found  that 
flela  meanirementi  could  be  obviated  by  uBlnf;  land  Unea  for  loca- 
tlon^  and  all  additional  data  neceaaary  could  be  obtained  by  run- 
ning levels.  The  plan  decided  on  and  carried  out  conalated  In  run* 
nhitc  levels  alang  imrallel  north  and  aouth  aectlon  linea  two  mllea 
apart,  eitendlns  from  the  rldie  which  marks  the  fal^-water  bank 
of  the  Missouri  River  to  the  toot  of  the  bluff.  A  permanent  bench 
mark  of  the  Hlssourl  River  Cammlsslon  survey  furnished  the  datum 
lor  the  levels:  Levels  were  recorded  at  each  one-quarter  mile  along 
the  lines  surveyed,  the  Instrument  being  set  midway  between  tbe 
one-quarter  mile  tumlnc  points.  Turning  points  were  taken  on  short 
wooden  pegs  driven  to  the  natural  aurface  of  the  ground.  A  target 
rod  waa  uaed  and  read  by  both  levelman  and  rodman. 

A  light  Iwo-horae  rig,  with  driver,  was  kept  on  the  line  and  used 
to  convey  the  rodman  from  one  turning  point  to  another.  As  the 
rodman  moved  one-quarter  mile  at  a  time  and  there  was  usually  a 
good  road,  there  was  a.  considerable  saving  of  time  In  the  use  of  the 
rig,  which  WQB  also  used  for  conveying  the  party  to  and  from  work 
and   for   carrying  water,   lunch,   and   such  survey   stakes  as  were 

From  five  to  ten  miles  of  level  lines  were  run  per  day.  The  growth 
of  high  grass  and  weeds  often  retarded  the  work.  The  number  of  side 
shots  which  were  necesaary  to  secure  desired  data  alio  cut  down  the 
days'  run.  Side  Unea  were  alao  run  to  the  lowest  points  in  sloughs  or 
depressions  one  mile  each  side  of  the  main  line.  Where  there  woa 
water  In  the  sloughs  the  elevation  of  the  water  surface  was  taken 
and  the  depth  found  by  sounding  from  a  boat  or  wading. 
The  level  of  the  surface  of  the  water  of  both  Missouri  and 
James  Rivera  was  alao  obtained.  The  high-water  marka  were  alao 
obtained  from  points  located  by  resldenta  and  the  low-water  marks 
were  determined  from  the  plots  of  the  Missouri  River  Commission. 
Bench  marks  were  established  at  nearly  all  section  comers  and  were 
made  by  driving  SO-penny  spikes  Into  comer  fence  posts  or  telephone 
poles  at  the  surface  or  the  ground,  a  blase  being  made  about  t  ft. 
above  the  spike  and  the  elevation  marked  upon  It.  Sach  night  the 
elevations  were  recorded  In   their  proper  locations  upon   the  Seld 

After  the  completion  of  the  level  work,  the  line  between  the  culti- 
vated and  wet  land  was  sketched  upon  the  fleld  maps  by  personal  In- 
spection. After  the  data  had  all  been  collected  and  platted  the 
interior  watershed  boundaries  and  Unea  of  proposed  ditches  were 
located  on  the  fleld  mapa  A  corrected  map  on  a  scale  of  one  mile 
to  one  Inch  was  afterwards  made  up  from  the  fleld  mapa  The 
coat  of  thla  survey  (8S  mtlea  of  level*)  was  aa  fallows: 
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Survev:  Per  mtlB. 

Binslneer,  leveling,  at  16  per  day tl-OI 

Boslneer,  aiwclaJ  fleld  eiajnlnatfom,  at  tt  P«r  day...   0.4B 

Rodman,  at  fl.TB  per  day O.tl 

I>tv«ry  hlrn,  team  and  driver,  at  |t  per  day e.TI 

Railway  far«    O.OS 

Total  con  ot  lurvsy tl.lt 

Plan*: 

BtDKlneer,  offlee  work,  at  %i  per  da7 t*.tt 

DrBltlng  auppllei    O.Olf 

Total  coBt  of  plana fB.SSI 

Total  coat  of  aurvey  and  plans fl.43 

Regarding:  thla  preliminary  survey,  It  dunild  be  Bald  that  only 
sufficient  work  was  done  to  tumlsh  the  tntormation  required  for 
developing  a  general  plan,  yet  all  level*  are  a 
nected  with  and  checked  upon  Qovemment  i 
marka  A  list  and  description  of  bench  marko,  which  were  llied 
at  each  section  comer  of  the  surveyed  Unas,  accompany  the  report 
and  map  which  were  filed  with  the  auditor  at  C^ay  County,  tiM  ex- 
pense of  which  Is  not  Included  In  the  above  memorandum.  Tbs 
survey  was  Inexpenalve,  yet  sufflclently  full  lor  forming  a  coaipre< 
henslve  plan  for  the  drainage  of  70,000  acres  of  land,  and  estsb- 
Ilahod  a  EulDclent  number  of  points  from  which  future  surveys  tor 
detail  and  construction  work  can  C>e  made  whenever  required. 

Cost  of  Sounding  Through  Ice.— Mr.  Joseph  Ripley  g^vea  the  fol- 
lowing relative  to  the  use  of  an  ica  boring  machine,  operated  by 
bevel  gear,  for  boring  3-ln.  holes  throuf^i  1c&  Before  the  um  of 
this  machine,  holes  were  chopped  by  axes  at  a  cost  of  about  8  eta 
per  hole  through  1  ft.  of  Ice.  With  the  machine,  operated  by  two 
men.  the  average  time  was  leas  than  ^  min.  per  hole,  through 
it  Ina  of  Ice,  overlaid  by  3  ft  of  anow,  including  all  delays.  The 
time  of  actual  Iwrlng  was  about  8  seconds  per  hole.  The  Bounding 
party  conelsted  of  1  chief,  recording  soundings,  2  men  sounding,  t 
men  operating  three  boring  machines.  3  men  moving  tag  lines  and 
marking  places  for  holes.  S  men  shoveling  away  snow  after  boles 
ware  Iiored.  1  gage  observer  and  1  cook.  Such  a  party  averaged 
3.000  holes  per  day  of  8  hrs.  at  a  cost  of  tl.OOO  per  moDtli.  the 
working  day  being  S  hra  With  25  working  days  in  a  month,  the 
cost  Is  lu  cts.  per  hola 

In  U.  S.  Eng'  Report.  1903,  VoL  10.  Part  2,  p.  IS9S.  the  follow- 
ing Is  given : 

Ah  ice  boring  machine  will  bore  a  ZH-ln.  hole  through  Z  ft.  of 
solid  lee  in  B  seca  A  party  can  take  300  soundings  per  hr.  through 
ice  S  ft.  thick.  In  water  St  ft.  deep,  holes  spaced  10  ft.  x  50  ft. 
Ths  best  record  for  S  hrs.  was  i.T49  soundings.  Ice  being  IS  Ina. 
thieic    The  cost  of  soundings  was  I  eta  each  for  OtlA  woH^  Includ- 
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PriM*  of  Material*,  SuppIlM  and  Plant.— Prlcea  are  aubject  to 
sucb  fluctuation  that  1  prefer  to  prepare  a  complete  schedule  an- 
nuallT.  whlcb  la  publlahed  Id  Bnglneerliig-Contracllna,  the  flrst  laaue 
In  Aiirlt  of  each  year.  Ratea  of  wagea  of  different  claaaea  of  ifork- 
men  In  different  parts  of  America  are  alio  given  In  that  Issue. 

The  Coat  of  Fences.— A  barbed  vire  fence  was  bunt  under  the 
tollowlDK  apeclflcatlone : 

"Posts  to  be  ooli  or  tamarack,  G  Ina  diameter  and  8H  ft  lonf, 
«pBced  IfA  ft  ainrt,  c  to  c.  and  set  SM  ft.  deep  in  the  ground. 
The  height  of  fence  to  Iw  4  ft.  ft  Ina.,  formed  of  four  lines  of  4-barb 
-wire,  apaced  12,  14,  IG  and  19  Ina.  apart  measured  from  the 
ground  up." 

Per  mile. 

SGO  posts.  Including  braceat  at  10  eta. t  3E.00 

LGOO  lbs.  «-polnt  barbed  wire,  M  6  eta. TS.OO 

10  lbs.  staples,  at  E  eta. S.OO 

Labor  41.00 

Total    tlSG.00 

ThiB  10  cts.  per  post  was  a  very  low  price,  due  to  the  fact  that 
posts  were  cut  from  trees  near  the  work.  Poets  ore  Crequentlr 
G  to  10  cts.  per  lln.  tL  of  post,  where  they  are  Imported  by  ralL 

Where  rail  fences  are  built,  the  posts  are  uana,llr  spaced  S  ft 
apart  c  to  c.,  and  set  at  least  S  ft  deep.  The  fencing  apecUlad  by 
the  Mass.  Highway  Conunlsslon  consists  of  cedar  or  chestnut  posts, 
not  less  than  B  Ina  diam.  and  fi  ft  long,  set  S  ft  In  the  ground, 
-and  placed  8  f I.  c  to  c,  bark  peeled  off.  A  top  rail,  4x4  Ina.,  and 
a  side  rail,  3x0  tna,  are  speclQed  to  be  ol  dressed  spruce ;  and  both 
rallB  are  notched  Into  the  poats  and  spiked-  The  fence  Is  painted 
with  one  coat  of  white  lead  and  olL  The  usual  contract  price  for 
such  a  fence  In  Hassachusetta  Is  IE  eta  per  lln.  ft,  or  |H9D  per  mile. 
There  are  SSO  posts,  and  IS.SOO  ft  B.  H.  of  ^ruce  per  mile. 

The  wire  fences  of  the  Louisville  A  Nashville  Ry.  have  posts  T  ft 
long,  with  seven  wires  spaced  4,  4,  G,  B,  10,  12  and  12  Ins.  froni  the 
ground  up.  For  one  mile  of  fencing  the  following  materials  and 
labor  are  required: 
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a  barbed  hoK  wires  (T.T  Ibi.  per  100  (t) l.aiglbK 

X  barbed  cattle  wires  (7.14  lb&  per  100  tL)..    TS4  Iba. 
1  plAiu  ribbon  wires   (C.SO  lbs.  per  100  ft>..     704  Iba. 

Total  wire  per  mile S,6Tt  lb«. 

SUptea    1»  lbs. 

Poets.  10  ft.  apart SSS 

BracInK  1 1  8-^  yellow  ptna,  ft  B.  M. 440 

LeitoT    tIDE 

In  aoft  soil  a  good  workmsji.  using  an  8-ln.  post  hole  dlKC<er,  win 
dig  100  poBt  boles.  2  It-  deep,  per  day  of  14  hra 

Cost  of  Bsrbad  Wire  Fences.* — The  practice  In  spadnK  poats  k 
variable,  sometimes  being  IG  ft.  centers,  aomellmea  S4  fL  V^unieta 
usually  space  fence  posts  a  rod  apart  (ISVi  It.),  When  the  pasta 
are  spaced  SO  ft.  apart  It  Is  customary  to  support  the  wlrea  between 
the  posts  by  means  of  two  wooden  slats  or  wire  stays,  each  4  ft. 
Ions,  and  spaced  about  T  ft  apart.  These  slats  or  stays  prerent 
animals  from  spreading  the  fence  wires  apart  In  their  efforts  to 
get  between  them. 

Bill  of  Maletlal. — The  standard  fence  used  on  the  O.  R.  A  N.  baa 
posts  7  f(.  long,  20  It  c  to  c.,  and  bedded  ZS  Ins.  In  the  groondV 
The  flrst  wire  Is  13  Ins.  above  the  ground  and  the  rest  are  1)  las- 
opart  except  the  space  between  the  upper  two,  which  la  14  ina. 
The  bill  of  material  Is  as  follow*  per  mile  of  fence; 
S65  posts,  TxT-In-xT-fL,  spilt  cedar. 
630  slats.  1  z  S-ln.  x  4-(t  flr. 

21.1S0  lln.  ft,  or  1,410  lbs.,  twi>.polnt  galvanised  cattle  wtie. 
16  lbs.  staples,  m-ln..  No.  9  polished. 
!«  lbs.  staples;  IK-ln.,  No.  0. 

The  following  Is  a  bill  of  materials  and  their  estimated  coat  (not 
including  labor)  for  the  standard  "second  doss  fence"  on  the  N.  P.. 
per  mile: 

1,S40  Iba.  (21,110  lln.  ft.)  galr.  barb  wire,  at  1^  eta (M-IE 

SSO  Iba   No.  T  galv.  wire  stays   (A7G  stays,   4  ft  long),  at 

2.S    cts.    T.S4 

16  lbs.  2-ln,  gslv.  wire  staples  (9S0  Maples),  at  2.3S  eta..     «.ll 

2,80Q  galT.  anchor  fence  clamps,  at  80  eta  per  M t-U 

10  diagonal  braces,  4  x  4  In.  x  12  ft.  160  ft  B.  U.,  at  $1E . .     !.4I 

liG  cedar  posts  (8^n.),  T  ft.  long,  at  10  eta Ill* 

<  Iba  60d  nails,  at  Z.2E  eta C.14 

I  Eureka  tubular  gate,  (4 10* 

Total  materials tlS.»S 

VOT  the  laal  ten  years  tlie  contract  price  for  the  labor  of  bnM- 

Ing  such  fences  as  this  bos  not  varied  much  from  171  a  mile  In  tha 

far  West. 

We  Bhall  now  give  the  actual  cost  of  a  number  of  loba  of  t«Ma 

work  on  a  western  railway,  showing  the  range  of  oosts : 

Cost  of  a  Beven-mie  Fence. — This  fence  was  T  mile*  lonK  taOt 

'Bngineering-Contraetinii,  Atig.  21,  HOT. 
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on  sronnd  that  waa  rather  rooky,  maktnc  the  oewt  o(  dlgslns  post 
kales  Quite  high.    The  cost  at  the  fence  was  as  lollowe  per  mile : 
Jfalartato:  ,   .,  ,, 

1,300  lbs.  barb  wire,  at  S,6B  cts. f  J*-4B 

40D  ll».  fence  stays  (ISO),  at  1-TB  cts. 11.00 

90  lbs.  lenca  clamps  (3,S0O),  at  B  eta 6.40 

18  ataples   (1.390),  at  3.70  cts. _  -*; 

S52  posts  (IE  ft.  c  to  c),  at  11  eta. SS.Tl 

It  lbs.  40d  nails,  at  2.2E  cts, .87 

Total     I  50.17 

Labor:    Loadtna  niut  Moving: 

t  bra.  foreman,  at  26  cts. t       .7S 

IS  hre.  laborers,  at  IB  cto. i.M 

Total    %  8.1S 

Bamoving  Brtuh; 

1  hr.  foreman,  at  36  eta t  -15 

19  hrs.  laborers,  at  IS  cts. 4.B0 

Total     ; .i  'i.l6 

Dtatributtnit  Fence  Material: 

t  hrs.  foreman,  at  IS  cts. t  .76 

10  hra  laborer,  at  16  Cts. 1.60 

Total   t     I.  J6 

Building  Fence: 

i»  hrs.    foreman,    at   IE   Cts. t     *-60 

140  hrs.  laborsr,  at  15  ctB. SS.OO 

Total     t  4B.60 

Orand  total  labor }  GE.S5 

Cost  of  labor  and  materials tl45.3Z 

It  will  be  noted  that  the  cost  of  moving  the  gang;  of  men  once  on 
this  Job  wa*  ta.lE  per  mile  of  fence,  or  121  for  this  one  more.  In 
tost  time  of  men.  Such  losses  aa  this  should  not  be  forgotten,  eq>e- 
clallr  In  estimating  the  cost  of  small  Joba 

Co*l  of  a  tfiOO-Ft.  Fe%eB. — This  was  a  short  fence  with  poats  16  ft 
apart.  4  wires  to  the  poaL  The  exact  length  of  the  fence  was  I,B31 
ft.,  or  120  panels  of  14  ft,  exclusivQ  of  1  gatea  There  were  4 
posts  used  tor  the  gates  and  8  poets  used  for  braces.  The  cost 
of  this  1,031-ft  fence  was  as  follows: 
ITatertal.- 

129  codar  posts,  7  ft,  at  T  eta |  ».03 

7,766  ft  barbed  wire.  426  lbs.,  at  2  ct& g.Et 

600  fence  staples,  S«L  Iba,  at  l.TE  ct*. 11 

160  stays  <4  ft),   122  lbs.,  at  3. IE  cts l.St 

*  140  fence  clampii  36.6  lbs.,  at  S.26  ctiL 1.39 


Total  for  1,932  ft S2S.11 

Two    gatet: 
cedar  posts  (7  ft),  at  7  eta.. 


1.11U  lEoce  cjampi 
Frel^t   on   posts. 

Total  for  1,9! 
Two    gatet: 

4  cedar  posts  (7  ft),  at  7  eta 

11  pes.  1 1  6-ln.  X  lS-/t  =  16  ft  B.  U,  at  flG. 
4  van.  104  nails,  at  2.81 

Total  for  1  galea %  1.33 

1.6  days  fer^nan,  at  12.60 |  6.60 

7.S  days  laborers,  at  11.60 11.70 

Total  labor  tl3-20 
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Bxcludlnc  the  gatea,  the  coat  of  th«  materlaJs  was  169.40  per  mUa^ 
cod  the  coat  at  th«  labor  was  t4>.70  per  mile,  or  a.  total  at  |119.1» 

CmI  of  a  SfiOO-Ft.  Fence. — Thl>  fence  waa  of  the  mmu  dialgii  a* 
Uw  ooe  Mat  deacrlbed.  tbe  actual  lensth  belnc  g,S71  IL 
The  materiala  aait: 

1,154  lbs.  barb  wire,  at  2.T6  ct |  IS9.4t 

Ht  lbs.  fence  nays,  at  2. 75  eta. IT. 86 

149  Iba.  fence  clamps,  at  6.95  eta 8.87 

i6  IbB.  (BDce  sCaplea,  at  2.70  eta. TO 

BT7  poata,  at  11  eta. 8J.47 

16  lbs.  40d  nalla,  at  Z.iG  ct& 84 

1  lb.  lOd  nallB,  at  2.10  eta. 01 

2  Iba  5d  nalla.  at  Z.26  eta. 06 

14  pea.  l"xS'-ie'  192'.  at   18.60 1.01 

Total  coat  of  material 8162.18 

Thia  makea  a  coat  of  tSS.SI  per  mile  of  fence.  Including  farm 
gates,  there  being  4  aucti  saCea  In  tlie  9.0OO  tL  An  additional  coat 
was  32  posts  uaed  for  anchoring  and  for  bracea,  the  IB  Iba.  of  40d. 
were  alao  used  on  tbe  anchors  and  braces.  All  the  fence  material 
had  to  be  hauled  from  one  to  two  milea  on  push  cars  by  the  crew 
to  distribute  It.  and  some  bruah  had  to  be  cleared  away  to  build  the 
fence.  This  and  the  other  labor  coata  were: 
DiatHbuttna  Matgrtal  for  Pence: 

Foreman,  7  days,  at  $6E I  1.61 

IdborerA    9   days,    at    (1-50 18.60 

Ciearlng  Bntth  to  Build  Fence: 

Laborer,  1  day.  at  tl.SO Lf) 

BuUdtng  Weu>  Fence: 

Foreman,   3.3  days,  at  886 7.16 

lAborera  ll.i   days,  at  81-60 1E.95 

Puttinn  Vp  Farm  Gate; 

l&borers,  2  days,  at  tl->D 8.00 

Total  labor fSl.Sl 

A  cost  per  mile  of  $43.80,  makliiK  a  total  coat  for  materials  and 
labor  of  813823. 

<7o«t  of  a  tfita-Ft.  Fence. — ThIa  fence  was  of  the  same  deatgn  aa 
those  previously  given  posts  18  ft  apart,  with  4  wires.  The  fence 
was  eiacUr  hall  a  mile  long,  but  the  costs  have  been  redaced  to  tlw 
VMt  per  mile  tor  convenience  of  oomparlson. 

Materlala:  Per  mile. 

]1,IRD  fL  barb  wire,  1,282  iba.,  at  2.6E  cts. f  SS.9S 

ST8  fence  stays.  394  Iba.  at  2.75  cts. 10.84 

S.9I2  fence  clamps,  88  lbs.,  at  5.86  eta. 6.61 

1.204  fence  staples,  IS  Iba,  at  2. TO  eta 4S 

33D  fence  posts,  at  11  cts. 88.80 

Total  materials  per  mile I  87.41 

Labor;    DieMbutltig  Fence  Ualeriat: 

i  iaye  labor,  at  1150 f     8.00 

_JErsctfi»  Fence: 


I  days  llOremaa.  at  88.60.. 


10  days  labor,  at  81.60 88.00 

Total  labor  per  mil*. . 
Total  materia)  and  labor.. 


Total  labor  per  mil* 1  41.00 

— -' {ltl48 
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Labor  OoatM  on  Four  Different  Fmctt. — Ifoviiir  given  tha  coata 
of  mateiiala  tuid  labor  on  Beveral  (encea,  we  ehall  now  omit  the  ma- 
terial Item  and  give  only  the  labor  coats  on  fences,  all  of  which  had 
poatB  vaced  16  ft  apart,  and  4  wlrea  to  tlte  poit.  The  flrat  of 
theae  waa  Z.aOD  ft.  long  and  tlie  labor  of  et«ctlng  It  coat  at  the 
following  rate  per  mile : 

Bauling  Out  J'enee  Material:  Per  mile. 

1.2  days  foreman,  at  tt.60 (  3,00 

12  days  laborer,  at  tl.GD IB.OO 

Total     121.00 

BuittUng  Fe»ee; 

1.1  daya  foreman,  at  tZ.GO t  S.&O 

14.8  daya  laborer,  at  tl.BO 2B.20 

Total    128.70 

Grand  total fta.lO 

Thla  did  not  Include  19  of  loat  time  moving  the  ganx  from  another 
lob  to  thi«  one. 

The  next  Jab  was  the  building  of  a  fence  2.800  ft.  lon^.  The 
ground  was  rocky,  niakinK  It  necesatry  to  anchor  most  of  tha  posta. 
The  labor  coat  at  the  following  rale  per  mile : 

Clearing  Bniek:  Per  mlla. 

)  days  labor,  at  fS t  4.00 

Building  Fenat; 

i  days  foreman,  al  IS 8,00 

S4  daya  laborer,  at  (2 18.00 

ToUl     t7(uio 

In  addition  It  coat  $18  for  the  lost  time  of  moving  the  men  from 
another  }ob  to  this  one.  Two  farm  gBtea  were  erected,  and  the 
cost  of  each  was: 

farm  gate  tO-90 

Vr'-  -■  ■-    '- 


La^ 


placing  gate T '.','.'.'..'..'.'..'.'..'.   2.01 


Total    ta.io 

The  next  Job  was  a  fence  2,300  ft.  long.     The  labor  coat  at  the 
following  rale  per  mile: 

DUtrtbutiHff  Ftnce  Uatertal:  Per  mile. 

l.I  day  foreman,  at  tS .1  3.30 

13.S  days  laborer,  at  tl.BO 20.70 

Total    f  34.00 

Clearing  Broth: 

3.4  dey>  laborer,  at  ll.GO «  t.SO 

Building  Fence: 

1.1  day  foreman,  at  t> t.30 

31.8  days  laborer,  at  fl.SO 32.70 

Total    t3(.00 

Grand  total  labor ffil.eo 
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In  addition  to  this,  the  loat   tlms  mavlns  to  thia  Job 
to  110. 

The  next  Job  w«s  a  fence  5,700  ft.  lonr.  and  tti«  labor  ooM  a 
toUowtnK  rate  per  mile: 

Diatributiiia  Fe»ee  Material:  Fermlla 

I.S  days  laborer,  at  ll.EO I  E.TO 

Biitldtng  Fence. 


i  days  foreman,   at   |S.. 
•  -■— -  '-•- at  J1.60.. 


K.6  days  laborer  at  tl.tO 14.90 

Loading  Barb  Wirt  on  Can 

O.B  day  foreman,  at  (2.50 l.IE 

S.G  dayi  laborer,  at  tl.tO t.1) 


Grand  total  labor . . 


ZSE  Iba   fence  Btays,   a.Te tO.IE 

SB  lbs.  fence  clanipa,   6.26   ct& 6,00 

II  Iba  fence  ataplCB,  2.20  ota » 

1  lb.   40d  nallB,   l.I  ctB. 01 

1  pcK    S'ze*-16't8',  111.50 Gl 


IE1.14 

Lftbor  ooat  aa  fottowa : 

Foreman,  I  days,  at  ¥48.75 1  9.07 

lAborera    IB    days,   at   11.50 17.00 

tlCOT 
Haklns  a  coat  per  mile  for  material  of  fES.lS,  for  labor  tJS.(t. 
and  a  total  coat  tS4.4g.    ThIa  Includes  one  sata 

Coat  of  a  Wire  Fence.*— Mr.  F.  W.  Doollttle  rt^ea  the  foUowlnc 
data  on  S.S5D  ft  of  4-wlre  fence,  poata  apaced  16  ft.  aa  built  re- 
cently about  the  top  worka  of  a  coal  mine  near  Denver,  Coto.  Tba 
work  waa  done  t>y  resvUr  employea  on  Idle  daya  duiins-  tba  aam- 
mer,  which  account*  tor  lack  of  uniformity  In  day  WH«ea,  and  a)n 
for  a  comparatively  high  labor  coat.  No  apeclal  Iteni  of  aap«1i»> 
tendenoe  la  charired  as  the  force  waa  so  amaJI  that  tba  overseer  aln 
made  a  hand.    The  cost  of  the  6,650  ft.  was: 

Sun-eying  line,  3  daya.  at  tS.GO |     7.60 

DIkbIdk  holes,  14  days,  at  varloua 16.00 

SetUna:  poata,  7U  daya  at  12.50 18.7E 

ettretchlnK  wire,  ^14  daya,  at  Tartoua 13.60 

ToUI  labor t  SE.7E 


(Included  In  wire) 


Vnii{n«»rins-Contractlna,  Not.  IE,  1908. 
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An  S-lir.  day  wai  worked.  The  Item,  dlsElnK  holM,  iDclude*  t 
day,  mao  and  team,  at  tS.GO,  and  Uie  llcm  wUlnK  IKMU  Includaa  11^ 
days  at  (2.60,  aettliis  braceg.  The  holea  nere  dUB  with  poat  auger 
to  a  depth  of  about  13  Ins..  where  the  ground  was  too  hard  for 
further  proBTeaa  The  holes  were  then  filled  with  water,  atter 
which  they  could  be  deepened  to  from  20  Ina  to  i*  ins.,  or  as  lax 
as  the  earth  had  been  dampened. 

Wires  were  stretched  aa  follows;  The  reel  woa  mounted  on  back 
of  wason  box  and  several  hundred  feet  of  wire  reeled  off.  Tbe 
back  end  of  woson  was  then  raised  off  tbe  sround  and  a  post  placed 
between  the  rear  axle  and  the  ground  to  prevent  the  wagon  run- 
ning back.  Tbe  rear  wheel  was  used  as  a  tightener  by  taking  a 
couple  of  turns  of  wire  about  bub  and  turning  wheel  around  by 
band,  or  by  a  bar  throutb  spokes  against  wagon  bed. 

A  comparative  coat  per  mile  at  tbe  above  fence  and  the  fence  at 
Ban  Antonio.  Tex.,  described  by  Ur.  Tyrrell  Bartlett,  In  our  Nov.  11 
Issue  is  as  follows: 

San  Antonio.         Denver. 

XaterlaU:  Per  mile.  Per  mile. 

Posts   I  GB.SO  t   8G.30 

Wire  and  aUpies 48.20  50.8O 

Total  materials I104.B0  tlSB.OO 

Digging  holes  I  40.10  «  18.84 

Set  ting      posts,      tamping      posts, 
-■ringing   -  '  - 


IB   wl; 


TotaJ  labor t  TG.9D  t  88.60 

Qrand  total    tl80.40  t201.80 

The  chief  difference  lies  in  cost  of  posts,  those  used  near  Denver 
costing  611%  more  than  those  used  at  San  Antonio.  At  San 
Antonio  6-ln.  cedar  posts,  set  30  Ina  deep  and  IE  ft.  on  centers, 
were  used,  with  tour  strands  of  wire.  The  labor  on  the  holes  was 
paid  by  the  hole  according  as  each  was  in  earth,  part  In,  or  all  In 
adobe,     Other  labor,  tl-EO  per  day. 

Cost  of  Dleging  Port  Holes  (or  a  Fsnce.* — In  building  the  levees 
along  the  MlulsalppI  River  to  retain  the  waters  within  it*  banks, 
fences  are  erected  on  both  the  land  and  river  slda  The  price  paid 
tor  this  work  is  included  In  that  for  excavation. 

The  fences  are  built  with  poata  &  ina  square.  T^  ft.  long.  2H  ft 
being  In  the  ground.  These  posts  are  of  oak,  mulberry,  black  locust 
or  eassotraa  cut  In  the  local  timber  lands.  They  are  spaced  IS  ft. 
apart.  Four  galvanised  barbed  wires  are  stretched  and  attache^,  to 
the  posts. 

Along  the  UlsslssippI  at  present  foremen  are  paid  |I0O  per 
month  and  board,  while  laborers  are  receiving  tl.7G  for  a  12-hr. 
day.  The  materials  and  labor  give  a  cost  of  a  idngle  line  of  tenc* 
per  mile  of  $126,  which  Is  quite  low. 

'Enffinetrlna'Contractttia,  Aug.  28,   I90T. 
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Tbe  poM  bo)«a  ara  due  with  post  hole  anKers,  tlw  holM  beinc 
9  Ins.  In  dlamctor  and  1 H  (t.  davp.  In  ths  soil  that  ocoura  alonr 
tlM  riTer,  one  man  with  a  8-ln.  auger,  woiidiiK  II  tira.,  will  die  on 
an  average  100  hole*.  Thia  mauie  a  coat  of  IK  cts.  for  labor  for 
digging  a  hole.  and.  as  there  are  140  holes  to  a  mile  of  fence,  the 
coat  of  digging  the  holes  per  mile  will  aggregate  fT.TO. 

Prom  each  hole  la  excavated  H  cu-  't-  of  earth,  nod.  with  a  t-ln. 
auger  digging  to  a  depth  of  2H  (t,  the  cost  of  eicavatInK  a  cuMc 
yard  of  earth  ts  ttyi  eta 

Assuming  that  for  a  10-br.  day  a  man  wonld  do  proportionally 
the  lame  amount  of  work,  with  wages  at  |I.6D  par  diem,  we  then 
have  8*  bolea  dug  In  a  day,  making  a  cost  of  1.8  eta  per  hole,  and 
coot  per  mile  of  tT.91.  With  the  natlonnl  government  anforclng  the 
8'hr.  law  on  the  levae  construction  that  1«  to  ba  done  under  United 
States  engineers,  the  number  of  holes  dUK  &  day  may  b«  decreased. 

Coat  of  Dlgglna  Post  and  Pole  Holes.*— A  post  hole  digger  may  ba 
termed  a  tool  that  does  Its  digging  by  being  driven  Into  the  ground, 
and.  as  it  loosens  tbe  earth,  picks  It  up  so  It  can  be  taken  out  of 
the  hole. 

An  auger  Is  not  driven  into  the  ground  like  a  digger,  but  Is  forced 
down  Into  tha  ground  br  a  man  pressing  on  It.  while  at  the  same 
time  he  turns  It  as  a  carpenter  does  an  auger  In  boring  a  hols 
through  wood. 

When  dlgElng  a  hole  with  a  shovel  and  bar.  It  Is  seldom  less  tluui 
IZ-ln.  wide  at  the  top,  but  It  loses  about  one-third  of  Its  diameter 
as  it  la  token  down,  when  the  holes  are  not  over  I  fL  deep.  This  Is 
due  to  the  fact  that  the  shovel  used  for  this  purpose  cannot  be 
worked  In  a  smaller  hole.  Time  la  lost  In  bard  ground  by  having  to 
change  from  the  ahovel  to  tbe  bar,  as  It  la  necessary  to  use  Uie 
latter  to  loosen  the  earth. 

We  are  enabled  to  give  a  record  of  digging  some  post  boles  by 
hand  with  the  bar  and  ordinary  long  handled  shovel.  The  tme» 
posts  were  TA  It.  long,  Z^  ft.  tielng  put  Into  the  ground.  The 
diameter  of  tha  post  was  6  Ina.  The  aoll  waa  a  red  clay.  The  b 
being  SM  ft.  deep,  were  II  Ina  In  diameter  at  the  top,  but  k 
ID  Ina  This  mode  1%  cu.  ft-  of  excavation  for  each  hole.  Tlie 
wages  paid  to  the  laborers  were  tl-GO  for  a  ID-hr.  day.  A  man  dug 
40  of  these  holes  per  day,  thus  excavating  about  I  cu.  yda  of  earttl 
each  day.  This  made  a  cost  of  3%  cts.  per  post  bole  dug,  and  a  cost 
of  TS  eta  per  cu.  yd.  of  excavstloiL  With  440  post  holes  to  a  mile 
of  fences,  posts  being  on  Il-ft-  centers,  this  cost  per  post  gives 
a  cost  per  mile  ol   tIS.GO. 

A  comparison  of  this  with  the  cost  of  similar  work  done  wttb  an 
auger  will  no  doubt  be  o(  Interest  In  Bnglntrrinii'ContTOeUtB  fbr 
Aug.  18,  19DT.  page  133,  are  given  some  costs  of  digging  post  boles 
with  an  auger.  On  that  Job  G-ln.  posts  were  used,  and  the  bolas 
were  dug  with  a  6-in.  auger,  the  boles  being  t^  ft  deep.  Onlr 
ti  cu.  ft  of  earth  was  thus  excavated  from  tbe  hola  as  compared 
to  IK  cu.  ft     One  man  In  a  10-hr.  day  vrlth  wages  at  tt.TG,  dlg- 

■Bn^nasrtnff-ConlmoHaff,  Dec.  18,  HOT. 
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glag  81  taolei,  made  a  coat  ot  I.S  cU.  p«r  bol«,  or  a  com  i»«r  mile, 
440  holw,  of  fl.tt.  Thus  11  la  wen  that  with  a  highar  wage  the  coM 
was  more  than  60%  leas,  which  naeda  no  comment  in  eBtlmatlng  the 
value  of  tb«  patent  dlsser  and  auger. 

Another  example  of  the  coat  of  Olgging  holes  by  band  was  In 
makinK  holea  for  some  11-ln.  ateel  channela  that  were  to  be  used 
as  tbe  poata  for  a  large  itorage  bin  for  ooaL  The  ll-ln.  channela 
were  S4  ft.  long,  and  4  (L  of  than  were  to  be  tnirled  In  the 
ground,  embedded  In  concrete.  For  this  reason  the  holes  were 
made  2  ft  In  diameter  and  4  It.   deep. 

The  tools  used  In  dlKB<nK  the  holes  were  a  dUnring  bar,  a 
■hovel  and  a  spoon.  The  holes  wars  kept  2  fL  diameter  to 
the  bottom,  the  spoon  allowing  this  to  be  dona  Prom  each 
bole  HH  CU.  ft.  was  excavated.  One  man  dug  3  holea  of  tills 
kind  a  day.  The  ground  was  a  stltt  clay,  and  all  ol  It  had 
to  be  loosened  with  the  bar.  With  wages  at  m.50  per  lO-hr.  day 
the  cost  per  hole  was  EO  cts.  In  a  day  a  man  excavated  1.S9  cu. 
yda  of  earth,  which  made  a  cost  per  cu.  yd.  of  fl.OS.  Some  of  tbe 
patented  diggers  are  adapted  to  this  work  and  would  no  doubt 
have  reduced  this  coat. 

Cost  of  DIeeIng  KM)  Trolley  Pole  Holea.*— Holes  for  trolley  poles 
are  generally  dug  by  hand.  Under  most  speclflcations  they  ar«  not 
paid  for  by  the  hale,  but  are  Included  In  the  price  of  other  Una 
work.  For  thla  reason  few  records  of  the  cost  of  digging  these  holes 
have  been  kept.  Poles  used  In  large  cities  are  generally  of  Iron,  and 
embedded  In  concrete,  while  those  nsed  In  the  smaller  towns  and  on 
■uburban  roads  are  ef  timber.  A  different  else  hole  Is  needed  for 
each  kind,  so  tbe  cost  ot  the  holes  varies  somewhaL 

In  this  article  we  will  give  the  coat  of  digging  more  than  600 
boles  for  trolley  poles  on  a  suburban  line.  The  overhead  construc- 
tion was  of  two  klnd«  span  wire  which  needs  a  pole  an  each  aide 
of  the  track,  and  alngle  polsa  with  a  bracket  to  hold  the  trolley  wire. 
Thla  divided  the  work  Into  two  groups,  and  the  span  wire  eonatruc- 
tlon  was  further  divided  Into  double  and  single  track  woHc.  The 
class  of  material  in  which  the  holes  were  dug,  aa  well  as  the  alse 
of  the  butt  of  the  pole,  made  additional  division  of  the  work.  Ths 
cost  of  the  work  will  be  elven  under  five  groupa 

A  10-hr.  day  was  worked  and  the  foreman  was  paid  fS.OO  per  day 
and  the  laborers  tl.GO.  The  work  was  done  during  the  months  ot 
February  to  July.  The  gang  of  men  worked  at  digging  the  holes, 
raising  the  poles,  and  other  overhead  Work  during  thla  period  ot 
time,  but  the  coat  of  each  Item  of  work  wbb  kept  aeparate.  In  dig- 
ging the  holea,  the  tools  that  the  men  used  were :  A  digging  bar, 
see  Fig.  t :  a  round  point  shovel,  see  Fig.  £.  and  a  spoon,  see  Fig. 
S.  The  length  of  the  handles  on  these  was  8  ft.  The  holes  were 
spaced  as  follows:  Par  tpe.n  construction  on  tangents,  the  poles 
were  110  ft,  apart.  On  13*  curves  or  leas  they  are  from  SO  to  110  tt. 
apart,  while  on  curves  of  ISO  ft.  radlu*  or  less  they  were  placed 
from  40  to  EO  tt.  apart. 

•Cnfffaesrtnp-Conlraotlntr,  March  4,  IBOB. 
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—Id  thi*  lot  SI  bale*  w«re  iug.  It  was  for  npaa  coo- 
'  4,7TG  ft.  of  double  track.  Tbe  pol«a  were  trora  II  to  IS 
lam.  la  dl«met«r  at  the  butt,  K  tbe  holes  were  dur  about  8  ft.  In 
diameter.  Tbe  depth  of  the  bole  was  Kovnued  by  the  speelflcatlona, 
which  celled  for  all  holes  to  be  6  fl.  deep,  this  deptb  to  tw  In  tbe 
natural  KTOund.  Hence,  where  there  was  on  embaubment,  tbe  bole 
had  to  be  as  much  deeper  than  S  ft.  aa  the  betght  of  the  embsnk- 
ment  was  above  the  natural  ground  at  the  place  where  the  pole 
was  to  be  planted. 


Tbia  U  an  Inatance  of  where  conditloiu  Burroundlng  work  ta»j 
change,  Tet  nwclflcatlona  are  not  changed  ta  suit  the  new  condltlauB. 
When  these  qjeclUcationa  were  flrit  drawn,  all  the  poles  on  subur- 
ban lines  of  the  company  In  question  ware  not  placed  eQul-dlstant 
from  the  center  line  oT  the  trade  In  cuts  they  were  so  spaced,  but 
wherever  embantanents  occurred,  longer  pole*  were  used,  as  the 
poles  were  placed  outside  of  the  toe  of  the  slope  of  the  embank- 
ment. This  prevented  having  the  poles  In  line,  which  made  the  line 
of  poles  appear  unsightly,  and  It  also  added  to  the  length  of  tbe 
■pan  wire.  For  these  and  other  reasons,  the  arrangement  of  poles 
wss  chaoKed  and  they  were  set  equl-dlstant  tram  the  center  line 
on  the  embankment  as  well  as  In  the  cut.  Under  these  clreutn- 
■tancee  where  the  embankments  had  settled  and  were  made  of  good 
material,  there  was  no  need  of  making  the  holes  more  than  t  ft^ 
but,  as  the  specld cations  called  (or  a  greater  depth,  the  holes  were 
BO  dug'.     They  vaHed  from  <  to  II  ft.  deep.     In  this  ^raup  40  pole 
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holes  were  dug  6  ft  deep,  the  rest  being  from  9  to  12  tL,  SO  hole* 
belnE  of  the  last  muned  depth.  The  roadbed  on  this  section  was  all 
embankment,  made  of  cinders  ai^d  slag  from  a  ateel  plaot.  In  dlg- 
Klng  the  3D  deepest  holes  the  clnden  and  slag  kept  running  Into  the 
holes,  causing  about  three  to  four  times  as  much  material  to  be 
excavated  as  would  otherwise  have  been  taken  trom  the  hole.  It  was 
estimated  that  this  doubled  the  yardage  eicaveted  from  the  Si  holes. 
In  order  to  brace  the  polea  under  ground,  an  8-ft.  second-hand 


Pig.   4. 

aawed  lie  was  cut  Into  two  pieces,  one  S  fL  long  and  the  other  E  ft 
long,  and  placed  as  shown  In  Fig.  4.  The-ehort  piece  was  put  In 
the  bottom  of  the  hole  and  the  large  pieces  at  the  top.  This  also 
Increased  the  amount  of  material  that  was  token  from  the  boles. 
This  extra  material  averaged  4  cu.  ft.  for  each  hole,  and  the  con< 
tractor  was  paid  extra  for  this  work.  When  holes  were  dug  ol  a 
greater  depth  than  the  length  of  the  shovel  hoodie,  a  foot  or  tnor* 
of  earth  was  dug  out  of  the  surface  at  the  grotmd  at  the  side  of  th« 
bole,  and  the  workman  stood  In  this  depression,  thus  allowing  him 
reodll)'  to  reach  with  his  shovel  and  spoon  to  the  twttom  of  the 
hole. 

The  cost  of  digging  the  8!  holes  was: 

Foreman    t  ZT.90 

laborers    9S.1E 

Total     1123.16 
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Th«  unit  coat  waa  as  folIowB; 

Per  cu.  yd.  Per  bcde. 

Foreman     (0.13  %0.H 

Lattorera    0.1T  l.K 

Total lO.eO  ll.SO 

The  high  cost  was  due  to  the  cinders  as  previously  explained. 
The  cost  per  lineal  loot  ol  double  track  for  tbe  hole  dlxKlns  was 
S.e  cts. 

Group  II. — All  of  these  hole^  S8  In  number,  were  S  ft.  deep. 
The  poles  were  a  little  heavier  than  those  In  Oroup  I,  so  the  holes 
were  i\i,  ft.  In  diameter,  i:ach  hole  had  28  cu.  ft.  of  earth  In  It, 
thus  malcinK  91  cu.  yds.  for  all  the  holes.  Thla  waa  the  first  work 
done,  and  the  men  were  not  accustomed  to  handling  tbeir  tone 
handled  shovels. 

The  cost  of  diKKlQK  the  holes  was : 

Foreman    %  2S.I0 

Laborers   S3.1B 

Total    1 10S.1« 

This  cave  *  unit  cost  of  the  following: 

Per  cu.  yd.     Per  bole. 

Foreman     tl}.2G  (0.27 

Laborers    0.91  0.94 

Total    tl.l«  ll.*l 

As  there  was  4,590  lln.  It.  of  double  track,  the  cost  of  dlnhiK 
holes  per  lineal  foot  was  2.3  eta 

Group  III, — This  was  span  wire  construction  for  single  track 
work,  there  being  17,t«0  lln.  ft  of  track.  In  all  S2I)  pole  holes  Were 
dug.  The  holes  averaged  314  ft.  tn  diameter,  and  Were  from  t  ft. 
to  12  ft.  deep.  About  20%  were  deeper  Uutn  t  ft,  10%  being  8  or  9 
n.  deep,  and  10%  from  10  to  12  ft.  deep.  Pram  the  holes  GIO  cu. 
yda  of  earth  were  excavated,  being  1.6  cu.  yda  as  an  average  from 
each  hole.  This  large  sUe  hole  was  needed  because  the  poles  were 
extremely  large  In  diameter  and  heavy— much  larger  than  ther 
were  needed.  This.  too.  was  owing  to  the  speclflcattons,  which  stated 
the  smallest  size  In  diameter  that  would  be  accepted,  but  failed  to 
state  the  largeiit  dlmenaltinB  that  would  be  taken.  Some  of  the  ptdea 
furnished  by  the  timber  contractor  were  3  ft.  or  mora  In  diameter 
at  the  butt.  Thla  not  only  added  to  the  cost  of  digging  the  hotel. 
but  also  to  the  setting  of  the  polei^  and  other  details  of  the  work. 
Special  ere  twit*  had  to  be  made  for  a  large  number  of  the  poles, 
and  some  longer  crossarms  had  to  be  obtained  to  carry  the  teed 

Ten  of  the  B-ft.  holes  were  dug  In  Quicksand,  These  gav«  some 
trouble,  and  additional  expense.  An  expedient  used  In  dining  (heaa 
holes  waa  to  take  a  barrel,  and,  after  knocking  the  two  h«Ada  out  of 
It,  to  put  it  In  the  hole.  Then  all  the  excavation  waa  done  from 
within  tlie  barrel,  sinking  It  aa  the  bole  waa  dug.  Thua  the  sides 
of  the  hole  were  sheathed,  and  by  means  of  a  band  pump  the  watei 


MISCELLANEOUS  COST  DATA  1791 

W&B  k«pt  oat  wblle  the  dlKglDK  waa  boIhk  on.  I(  the  qulcktand 
occur*  for  a.  creator  deptb  tb&n  the  height  of  one  bftirel,  a  Becond 
barrel  •bOuld  be  used  on  top  of  the  Orst  Thla  secoDd  ono  should  be 
a  little  larger  than  the  flrst,  so  It  will  go  down  around  the  lower 
one.  The  pole  muBt  be  raised  In  such  a  hole  si  aoon  aa  It  Is  dug. 
The  total  coat  of  dlgxlnK  the  320  boles  was  as  follows; 

Forenuin    I     7T.S0 

I.aborera    31B.SE 

Total     H2T.16 

Tble  gave  the  following  unit  coat; 

Per  cu.  yd.     Per  bola 

Foreman     tO-13  tD.24 

Laborers    D.68  1,0> 

Total   10.81  »1.SS 

The  cost  per  lineal  foot  of  tdngle  track  for  the  hole  digging  was 
2.5  cts. 

Oroup  17. — Thia  was  for  J.ISB  llo.  ft.  of  alngle  track,  a  branch  of 
the  other  line.  The  curves  were  ahanter.  hence  the  polea  on  the 
curves  were  closer  than  on  the  main  line.  The  poles  were  all  less 
than  20  Ina  In  diameter,  so  the  holes  were  made  2  ft.  In  diameter. 
There  were  64  poles,  and  only  a  few  of  the  holea  were  deeper  than 
S  ft.  About  19  cu.  ft  were  excavated  from  each  hole,  no  under- 
ground braces  being  used.  This  made  ii  ca.  yds.  excavated  from 
the  fi4  bolea    The  coat  of  digging  the  holes  was: 

Foreman    t  9.00 

Laborers    40.50 

Total     149.50 

The  unit  cost  was  as  follows : 

Per  cu.  yd.     Per  hole. 

»0.20  10.14 

O.»0  0.66 

Total    11.10  »0.79 

The  cost  per  lineal  foot  of  single  track  for  the  digging  was 
1.S  eta 

OTOuf  7. — This  was  aide  pole  construction  for  single  track,  using 
a  bracket  made  of  pipe,  on  the  pole.  There  were  S,70D  Ifai.  ft.  of 
thla  conatructlon,  the  poles  being  q>aced  about  80  ft.  apart.  Only  a 
few  of  the  holes  were  deeper  than  ft  ft.,  but,  as  the  poles  were  large, 
the  holes  were  tH  ft  In  diameter.  The  bracing  blocks  were  used 
for  these  polea  An  average  of  SO  cu.  ft.  wai  excavated  from  each 
bole,  and.  aa  there  were  09  holes,  IS  cu.  yds.  were  excavated. 
The  cost  of  dl^ng  the  holes  was: 

Foreman    tlS.OO 

Laborers    64.00 

Total    $ee.Do 
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Thla  slrei  a  unit  coat  of : 


ToUa    |0.7i  to.ic 

The  coit  per  tin.  ft.  of  Blngle  track  wma  1.2  cts. 
A  comparlBOD  of  the  coat  of  each  group  Is  shown  In  tbe  f 
Ihe  table,  ajao  the  avei«c«  coat  for  tbe  entire  Job : 


0.82  0.024E  D.OtU* 

'Bracket  conatructlon   (Group  V)   left  out  of  thla  aversge. 

It  vlll  be  noticed  that  tbe  coat  per  bole  varied  directly  with  the 
alie  of  tbe  hole.  Addlne  to  the  diameter  and  the  depth  Incroued 
tbe  coat.  The  coat  per  cubic  yard  uraa  high  when  the  hole  was  onall 
and  low  when  tbe  hole  waa  large.  Tbe  coat  per  lineal  foot  (or  ipiui 
wire  conatructlon  varied  but  little.  Natuially  the  aln^e  track  was 
about  the  same  aa  double  track. 

Weight  of  Aiheii  Qarbage,  Etc.* — In  the  Transactions  of  the 
American  Society  of  Clvlt  Ejuslneers  for  April  there  la  a  valuable 
paper  by  Mr.  H.  de  B.  Paraan^  entitled  "Disposal  of  Municipal 
Refuse  and  Rubblab  Incineration."  From  that  paper  we  have  etK- 
Btracted  data,  that  may  be  (rf  use  to  our  readers 

Mr.   Parsona  gives   the  toUowlns  aa  average  weights  per  cubic 

Lbs  per  en.  yd. 

Rubbish  (paper,  rag*,  old  fumltare,  etc. ) 200 

Street   aweeplnga    850 

GarbaKO 1-lSO 

Aahes    l.i&O 

The  weight  of  ashes  varies  from  1.200  lbs.  to  l.GOO  lbs  per  cu.  T<t 
Ordinary  household  ashes  contain  about  li%  of  unbumed  coal :  but 
«team-aah  averages  about  14%  to  S<3%  coal,  the  lower  figure  being 
for  bituminous,  and  the  higher  figure  for  anthracite  coaL 

Mr.  Parsons  states  that  the  mixed  aah  oHlectlana  from  New 
York  C^ty  contains  tO%  to  85%  combustible  matter. 

Rubblah,  as  ordinarily  piled  in  cans,  or  without  extra  packing; 
weighs  130  Iba.  to  ttS  lbs.  per  cu.  yd.  In  Boston  It  averages  101 
Iba.  per  cu.  yd. ;    In  New  York  It  averages  about  140  lbs 

The  weight  of  street  sweepings  ranges  from  SOO  lb«.  to  1.400  lbs. 
per  cu.  yd.,  depending  upon  the  drynesa  of  the  weather  and  the  ttm« 
of  collection. 

'Bnolneerinff-CotttracHne,  July  18.  1900. 
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A  i&Tge  table  la  gtrm  by  Mr.  Paraooa  ■howlng  the  avei-age  per 
capita  wel^ta  of  cltr  reCuBa  collected  In  dlffarsnt  cities  Prom  that 
table  the  followlnK  was  deduced,  ahowlng  the  avenwe  collection  of 
refuse  per  capita  per  day : 

lib».  per  day. 

OarbaKe    0.E3 

Street  sweeplnsB  O.BO 

Ashes   3.23 

Rubbish    0.21 

Total  per  capita 3.4T 

Cost  «f  Garbage  Reduetlon  and  Collection  at  Cleveland,  O.* — Tbe 
city  ot  Cleveland.  O.,  ownB  and  operates  Its  own  garbase  ooUection 
and  reduction  plant  This  plant  hsd  coat  the  city  on  Dec  31.  19Dt, 
a  total  sum  of  1181.307,  divided  as  followa: 

Reduction  plant  (Incl.   flE.DDO  bldse.) %U«.i97 

Collection  plant J6,010 

Total     U81,30T 

In  acquiring  the  plant  the  city  has  assumed  a  debt  at  flES.OOO  In 
bonds,  the  Interest  on  which  Is  paid  by  the  city  out  of  general  funda 
The  reduction  plant  Includes  BO  acres  (tSE.ODO). 

During  the  year  1900  there  were  collected  and  treated  by  the  city 
plant  69,872.000  Iba,  or  34,801  tons  ot  garbace.  The  coat  of  thla 
collection  and  Creatmeut  Is  given  In  detail  In  a  report  presented  to 
the  Cleveland  City  Council  by  the  Board  of  Public  Service,  Mr.  W. 
J.  Springborn,  President  Mr.  Sprlngborn  has  (umlahed  us  a  copy 
Of  this  report  for  examination,  and  from  It  we  have  taken  the 
BtaUatlca  given  ahove. 

The  figures  of  most  value  and  interest,  however,  are  those  show- 
InK  by  Items  the  income  and  the  operating  expenses  of  the  plant 
for  the  last  calendar  year.  These  figures  are  of  value  particularly 
because  they  give  us  speclHc  costs  of  collecting  and  of  treating 
garbage  by  the  reduction  process  with  a  well  managed  and  reason- 
ably well  designed  and  equipped  plant.  Prices  of  auppllea  and 
wagea  of  labor  are  not  given  and  varloua  other  Important  data  are 

We  give  In  Table  I  the  itemized  operating  expenses  for  collecting 
and  reducing  34,891  tons  of  garbage  at  Cleveland.  O.,  in  1906.  The 
totala  are  as  they  are  given  In  the  report,  but  tbe  several  items  have 
been  extended  by  us  to  gJve  the  unit  costs  as  well  as  the  totala  It 
may  be  noted  also  that  the  totals  are  given  separately  In  the  report 
for  the  two  half-year  periods,  Jan.  1  to  June  30  and  July  1  to 
Dec.  31 ;  we  have  not  msde  this  separation.  The  figures  given  are 
the  actual  coats  of  collecting  and  reducing  the  garbage :  these  coats 
may  be  summarised  as  follows: 

Collection   11.127 

Reduction,  per  ton 2.38E 

Bxtraordlnary  expenses   O.SGS 

Total     |4,T66 

'Bngiiiverinff-Contractiitff,  May  i,  Ittl. 
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Thla  total,  tt  la  to  be  noted,  does  not  1nclad«  loteroM  on  the  bonds, 
which  at  4%  would  be  16,100,  or  nearly  IS  eta.  iier  ton  of  sarbssn 
handled :  nor  does  It  Include  any  charse  for  general  admlnistntlon 
expensu,  a  wholly  iDdetermlnOits  mm.  Adding  the  intereat  charsea 
brlnKS  the  total  coat  per  ton  to  I4.B4G. 

The  net  cost  to  the  city  of  collection  and  reduction  Ib  of  coorve 
a  leaa  amount  Bince  the  reduction  proceM  preaervea  the  greaae  and 
other  aalable  products,  which  are  diapoaed  of  and  conatltute  a  aouica 

TABtx  I. — ITKHOH)  Coar  OP  OFKRATim  Qabb&os  Oonaciiott  Alto 
RKDtfCnoN  Pi.ju<t  at  Cl>tml.*nd,  O. 

TotoL  Per  ton. 

Labor  at  plant I  43.731  %l.lSt 

Coal    at    plant 19,880  ».67J 

Bupertntendence  and  clerk 1,!S3  O.OSC 

Repairs  and  renewala 4,763  0.13« 

Frees   cloths    1.G6S  O.0T3 

Insurance    188  O.OOB 

Office  supplies ^146  O.004 

Oil,    waflte,    light,    water,    etc B.IIS  0.146 

Pr«u  racks    806  0.02S 

Taxes   «6  0.009 

ComnilBSlon.    anslysle,    etc 316  O.OM 

PrelKht,   purchase  dead  anlinala 1.4SS  0.041 

Total   reduction   expenae t  11.383         $2,385 

Labor,   teamster,   etc 43.819  1.2E6 

Peed    lO.Ml  Oil* 

Freight  on  Karbage G.28S  O.lGl 

Superintendence   and  clerk 1,870  0.S81 

Shoeing,  etc l."l  0.O89 


Hameaa  repairs  and  renewals. 

Painting  ■ — " 

Repair  cai 


Painting  garbage  cara^^ ^  Si9  0.016 


Rent  and   taxes 473  0.»14 

Insurance    ,  ««  O.OJI 

Oil,  light,  telephone,  etc MOI  *-»<S 

Total  collection  expenses f  74,334         tt.ltT 

Auditing    .  160  tMt 

Lobs  of  horses , 1,47S  0.D4I 

Depreciation  reduction  plant,  at  10%....  3.381  0.09T 

Depreciation  collection  plant,  at  10%.,.  3,351  ».D>t 

Depreciation  new  reduction  equipment..  GIB  D.DIE 

Total  extraordinary  expenses t     S.B91         t0.163 

Qraod  total  operating  expenses. ..  .1166,601         |4.I8t 
of  Income  which  Is  credited  ag^nat  operating  expenses.     There  a 
also  at  Cleveland  tolnor  sources  of  Income.    The  report  mentliMi 
above  Bummarliea  the  Income  account  as  followa; 

product  sold t  S6.3Gt 

Inventory    of   product 8,894 


HIscellaAmus '^enue  1.4K 

Total    Income tlBe.Hl 
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W«  hav«  then  the  following  net  coat  to  the  city  of  treatliiE  oil«  ton 
of  garbace: 

Total  coat  of  dlspoaal.  per  ton t4.91B 

Total   Income  from  operation,  per  too 3.0T 

Net  coat  of  dlapoBal,  per  ton ll.STG 

It  will  be  seen  by  referrlnx  to  Table  I  that  the  total  cost  of  re- 
duction proper  was  I2.3SG  per  ton,  not  Including  depreciation  and 
Intereat  on  coit.  Adding  theae  two  Itema  we  get  a  coat  of  about 
I2.S1  per  ton,  so  that  the  Income  tor  operation  gives  a  profit  on  re- 
duction alone  of  4G  cti.  per  ton.  Theae  Bgurea  are  algnlflcant.  not  aa 
apeclflc  guidea  ai  to  the  coat  and  profit  of  reduction,  but  aa  Indi- 
cating that  ttie  reduction  proceaa  of  garbage  dlaposal  may  be  made 
aelf-aupportlng. 

The  Income  from  operation  cornea  chiefly  from  the  aale  of  product. 
The  nature  and  amount  of  this  product  are  Indicated  by  Table  II, 
rearranged  from  flgurea  given  In  the  report.  In  addition  to  the 
character  and  quantities  of  tnaterlala  produced  for  sale  the  table 
ahowa  the  prloea  fetched  by  theae  materlala  In  the  market.  It  le 
tnlereatlng  to  note  that  the  amount  of  greaae  per  ton  of  garbage 
treated  waa  Sl.OE  lbs.,  or  3.ae%. 

In  coi.alderlnB  the  flgures  given  It  Is  Important  to  remember  that 
they  are  a  record  of  an  individual  case.  They  are  Interesting  as 
being  almoat  the  flrat  and  certainly  the  moat  complete  publlahed 
flgurea  of  the  coat  of  garbage  dlspoaal  by  reduction,  and  for  this 
reason  they  have  been  given. 

TtaLB  IL SHOWINO  CaASACTrBB  AND  VaLDB  op  BJthABlM 

FKODOCr   PBOH    Clxviland,   O..   Oabbaob 
lUprcnoK  PidUre, 

Article. 

tirease,    2,140,800    IbK 141,940 

Dry   tankage,   «,SRZ,GO«   lbs. It. 724 

Pressed  tankage.   1,S1G,40D  Iba, 2,Ee4 

Hair   87 

Talla 4S 

Hides    1.4S3 

Total   |6B,8B3 

Coat  «r  Oarbage  Disposal,  Milwaukee.— Hr  Rudoph  Herlng  Is 
autborltr  for  the  following  data.    The  weight  of  garbage  la : 

Per  cu.  yd., 
Iba. 

Ariiea  and   rubblah  mixed 1,040 

Dry  manure  »70 

Clear  aahea    1,210 


A  horse  produces  Z2  iba  of  manure  dally. 

In  1900  the  city  had  a  population  of  IGOjOOO.  The  garttage  col- 
lected was  48,490  loads,  or  tS.GOO  ton^  of  which  16,300  tone  were 
burned  in  a  furnace.  It  required  100  Iba  of  coal  to  burn  a  ton 
of  garbage,  coal  costing  13.80  per  ton,  which  Is  equivalent  to  19  eta 
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p«r  ton  of  eBj-boge.     There  kr*  8  tons  of  residual  aA  from  Midi 
ISO  tons  of  Ku-baso. 
Th«  cost  per  ton  In  1»0E  waa; 

Collection    tl.Ct 

Operatinf  balat O.li 

OperBtlns  furnace 1,14 

Burial    O.jl 

Total    tS.01 

The  coat  of  the  crematory  plant  was  attprozlmatel;  aa  foUow*; 

BuildInK"     tlt,7SS 

Steel   treaUea J,BI« 

HolatH 2,»W 

Engines  and  dynamos <.113 

Pump     -. 4)4 

Chimney  (IBO  ft  hl«h) S,)>» 

Three   furnaces J7,750 

Patent  rlghtB II.GOO 

Total     $74,4  61 

Qarbaga  incineration,  San  Franoiaco.— The  garbOKe  li  cremated 
by  a  private  company  tor  20  eta.  per  cu.  yd.,  gBrbage  belnx  deUr- 
ered  by  the  city  at  the  plant  The  plant  wbb  built  In  1897  at  a  tumt 
of  tTE.OOO,  and  handles  <B0  cu.  yds.,  or  about  !G0  tons  per  day, 
irhlch  Is  less  than  half  Its  capacity  aa  no  force  works  nl^ts. 
The  following  gang  works  II  bra.  (In  1990)  : 

1  foreman t  I.BO 

1  office    man t.S9 

1  night  man 1.50 

S  firemen,  at  $1.76 g.T5 

S  flremen-helpcrA    at    tl.GO 7.E0 

10  men  on  Karbage  floor,  at  tl.OSG 1S.I8 

Total     $40.00 

This  labor  Is  equivalent  to  S  ct*.  per  cQ.  yd..  Or  15  eta.  p«t  ton, 
but  does  not  Include  the  disposal  of  the  ash  and  clinker.  There  were 
109,200  cu.  yd»  of  gBrbage  burned  In  1899. 

t  of  Removing  Ashss.— The  averaxe  cost  of  removlDB  aahesi 
'  9  of  dump  maintenance,  at  Rochester.  N.  Y.,  In  190C,  was 
tO.363  per  cu.  yd.  The  average  weight  of  a  cubic  yard  of  ashes  was 
921  lbs.  The  average  cost  of  maintenance  of  dumps,  ashe^  scraping* 
and  sweepings  was  tO.1073  per  team  load.  A  team  load  Welgbad 
3,E83  lbs.,  the  average  weight  of  the  wagon  being  3,100  lbs. 

Cost  of  Tils  Drslns.— Clay  tiles  for  drainage  purposes  are  usoallT 
round  In  section,  and  are  usually  made  In  1-ft.  lengtha  In  soil  that 
can  be  spaded,  a  special  dltchins  spade  should  be  used.  The  blade 
of  this  type  of  spade  Is  narrow  and  very  long  (18  Ina),  and 
atrongly  curved  forward  to  bIvo  greater  stllfnees.  With  such  a 
spade,  a  trench  G  ft.  deep,  and  not  more  than  IE  Ina  wide  at  Um 
top,  can  t>e  dug.  Trenches  S  ft.  deep  are  10  to  It  Ins.  wide  tm  top^ 
and  are  taken  out  In  two  fadings,  or  benches,  ^le  bottoms  of  tbe 
trenches  are  stuped  so  as  to  lit  the  tll«t  by  uafaitr  a  tile  hoe  or  acoop 
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of  proper  ahape,  different  widths  belnc  used  tor  different  aliea  at 
tile.  The  tiles  are  laid  by  n  mm  BtaDdlns  on  the  surface  of  the 
ground,  uslns  a  tlla  book  for  the  purpose  of  placlns  the  tUes  In  the 
trench.  The  trench  Ih  backfilled  by  a  team  dragging  a  plov  pro- 
vided with  a  long  evener,  so  that  there  la  one  horse  on  each  side  of 
tlie  trench. 

Hr.  C.  O.  Elliott  gives  the  following  sa  the  actuftl  cost  of  draln- 
Ing  an  BD-acre  farm  In  Illinois; 


Cost  per  lln.  ft 

lie,         Laying. 

Total, 

ita.             cts. 

cts. 

Total. 

.33                .00 

3.3! 

1233.40 

Total,  SO  acres,  at  t 

The  cost  of  "larlng."  as  above  given,  includes  the  cost  of  digging 
the  trench,  laying  the  pipe  and  backaUlng.  The  men  were  paid  %i  a 
day,  being  skilled  diggera  and  tlla  layers.  The  »11  was  a  black 
loam  ZK  fL  thick,  under  which  was  a  yellow  clay  nibaoll. 

For  tile  up  to  6  InK  diameter.  EUIiolt  estimates  lU  cts.  per  lln. 
ft  for  labor  of  trenching  3  fL  deep  and  laying  the  tile;  and  h» 
allows  0.3  cL  per  lln.  ft.  tor  hackfilllng. 

The  manufacturers  of  tile  do  not  have  uniform  Hat  prices  from 
which  discounts  are  given.  The  following  net  prices  are  quoted 
(190G)  for  New  Tork  delivery  In  carload  lots: 

Weight,  Net  price  per 

8l>e  of  drain  tile,  Ins.  lbs.  per  f L  ft.,  cts. 


12 to  1S.B0 

Tile  drains  are  frequently  used  for  road  drainage.  In  such  cases 
the  trench  Is  usually  fllled  part  way  up  wltb  broken  atone  or  gravel, 
Ibe  cost  of  which  must  be  Included  In  the  bidding  price  per  Iln.  ft 
of  drain.  Tile  collara  to  be  used  at  Joints  are  occasionally  speclfled. 
tnit  they  are  of  questionable  value,  and  are  rarely  used  in  land 
drainage.  On  roadwork  done  by  tbe  author,  the  cost  of  laying  4-ln. 
tile  In  a  trench  was  \i  ct  per  lln.  ft,  exclurive  of  digging  the  trench 
and  filling  with  gravel.  The  man  laying  tile  rAcelved  16  cts.  per  br., 
and  he  averaged  840  ft  laid  per  10-hr.  day. 

In  New  Jersey  roadwork,  where  tile  drains  are  osed.  the  1-ln.  tiles 
are  trequently  apeclOed  to  be  laid  on  a  1-ln.  yellow  pine  plank,  t  laa. 
wld«v  Id  a  trench  i  ft  deep.  If  plank  costs  |10  per  If  delivered  this 
item  adda  1   ct-  per  lln.   ft     Tbe  average   bidding  price   In   New 
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Jerwr  tiaa  be«D   about  11   cU.   p«r  Iln.   ft.   for  a  4-1il   tlla  dnli 
complete. 

Walgrit  of  Drain  Tlla.— Potoub  or  farm  ttle  laid  S  or  1  ft.  deep  on 
one  or  both  aldsa  of  the  roadwar  ■■  the  ben  method  of  ■scuilos 
underdralDRBe  for  talxhwayB.  Tile  may  be  had  from  S  to  311  fax.  In 
diameter.  The  smaller  alien  are  unially  t  ft  Ioiik  and  the  larsvr 
■iuB  are  1  or  IH  ft  lonK-  The  accompanrliiB  Ubie  ahon  the 
walght  per  foot  and  the  average  carload  for  various  alaea  of  tne : 
Weight  Av.  carliKd. 

perfL,  Iba  No.  pieces 

4-n.    tile 6  «.50« 

S-n.    tile 8  MOO 

(-In.    tito 11  4,000 


10-lD.  tile.. 
II- n.  tile.. 
14-11.    tile.. 


101 


Prices  of  TOe  Drains  fn  Place.*— Table  In  ' 
Oeorge  II.  Thomson,  County  Surveyor  of  Oreen  County,  lom.  to 
factUtBte  the  making  of  estimates  on  county  ditches.  Hr.  Thomson 
wrltea  us  that  the  table  agrees  very  cloaety  with  blda  received  dur- 
ing the  laat  two  years  for  doing  auch  work  In  Greene  County.  Tlie 
I>rlceB  given  In  the  table  are  for  excavating  the  trench,  laying  the  tDt 
and  refllling  the  trench.  The  prices  given  are  per  foot  deep  and  rod 
long.  For  Instance,  suppose  the  drain  is  to  be  T.IE  ft.  deep  and  Is 
to  be  laid  with  li-tn.  tile.  In  the  column  under  T  ft.  and  opposite 
IS  ins.  will  be  found  40  eta,  the  price  per  foot  deep;  theq  T.IG  X  4* 
=  12.80,  the  price  per  rod  for  It-ln.  tile  laid  T.IS  ft.  deep. 

Cost  of  Dlgelng  a  Trench  and  LayFng  Tils  Draln.t- In  laying  some 
tiles  for  the  drainage  of  a  wagon  road  a  trench  t  ft.  wide  mi  tlw 
top  and  1  ft.  on  the  bottom,  with  an  average  depth  of  t  fL.  was 
ezcavBled.  The  tiles  uaed  were  4-ln.  and  t~ln.  They  ware  laid  lo 
the  trench  and  broken  atone  placed  around  tbent,  and  over  them, 
before  backfllling  the  trench.  This  atloWB  the  water  to  enter  the 
tilBB  much  easier  than  when  dirt  la  put  around  them.  In  alt.  7,6»» 
Iln.  ft.  of  trench  Waa  dug. 

There  wore  excavated  1,S60  eu.  yda  from  the  trench,  76  co.  yds. 
being  rock.  The  rock  was  all  In  the  bottom  of  the  lr«nch,  aoine- 
tlmea  running  acroaa  the  bottom,  while  In  aome  place*  it  was  only 
.  found  on  one  aide  of  the  trench.  Some  of  it  was  loosMied  with  bwa 
and  picks,  but  the  tnoat  of  the  rock  had  to  be  blasted.  The  rock  ot- 
.cavated  waa  broken  up  by  hand  into  about  2-iii.  Ting  •Coae.  and 
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was  uaed  arouiid  the  tile*,  very  little  Btona  being  purchaoed  (or  Ibli 
purpose. 

The  wages  paid  on  the  Job  for  a  9-hr.  day  were  (1.50  for  torexjira, 
tl.36  and  fl.lO  for  laborers,  and  7G  eta.  for  water  boys.  One  fore- 
nuui  and  one  gang  of  le  men  worked  for  H  days,  and  the  iob  wa« 
completed  by  3  foremen  and  ZG  men.  working  ID  additional  days. 

Tbe  total  labor  cost  for  excavating  the  trench,  breaklDg  up  the 
atone,  laying  the  tile,  and  placing  broken  stone  around  It.  ai>d  tiack- 
flUlng  the  trench  was  |fiT4.I5,  or  B2  clu  per  cu.  yd,  of  trench. 

The  tile  laying  was  done  by  one  roan  and  an  aaslstaji^  vbo 
Wheeled  the  tiles  and  laid  them  alongside  of  the  trench,  the  tile 
layer  then  placing  them.  These  two  men.  In  a  half  day.  could  lay 
tfles  tn  the  trench  that  the  entire  gang  had  dug  during  a  day.  After 
they  had  laid  tbe  tiles,  with  the  assistance  of  a  few  additional  m^ 
they  did  the  backfllllng  of  the  trench.  The  labor  cost  uf  placli« 
the  tiles  was  J26.H,  making  a  cost  of  0.35  ut.  per  lln.  ft.  The  cwt 
per  Itn.  ft  tor  excavating,  breaking  rock  and  backaillng  was  It 
eta.    making  a   total    cost  per   lin.   ft.    of    the    completed    drain  ot 

Cast  of  Farm  Drainage Several  excellent  articles  on  the  meihiuli 

and  cost  of  farm  drainage  appeared  In  Enginteri*o-dmtracHaf. 
Dec.  4,  190T.  Oct.  21,  Nov.  4  and  Nov.  18,  1908.  Oct.  13  and  Oct.  11 
1$0S.  These  articles  occupied  about  is  pages,  of  which  the  f«Ua«- 
Ing  Is  a  very  brief  summary. 

Mr.  U  G.  Hicks  states  that.  In  draining  a  farm  near  Omaha,  tbe 
coat  of  tile  drainage  was  |23  per  acre.  Wages  were  (ISO  per 
lO-hr.  day  and  board,  the  board  amounting  to  tO.SO.  making  a  total 
of  12  per  day.  Material  was  black  loam,  which  cost  21  eta  per  cu. 
yd.  to  excavate  from  ditches  S!4  ft.  deep  and  12  to  IS  fns.  wide. 
The  ditcb  was  shaped  up  with  a  tile  spoon,  at  a  cost  of  2%  cts.  per 
lln.  ft,  which  Is  equivalent  to  adding  another  20  cts,  per  cu.  yd 
The  backfllllng  was  done  by  two  men  and  two  horses  with  a  piov 
at  a  cost  ot  1  ct.  per  cu.  yd.  Hence  the  total  cost  was  IS  cts.  per 
cu.  yd.     Th«  coat  of  laying  the  tile  wa«  aa  follows  : 

Per  100  n., 
eta. 
1  or  4-111.  tile S 


With  a  tile  book  a  man  lays  lOD  ft  of  3-in.  ttle  tn  15  mina.  or  at 
th«  rate  of  4,000  ft  per  day. 

The  cost  of  this  work  on  a  TS-acre  farm  where  >G,IGO  1  hi.  ft  of 
tile  were  laid  was: 

P«racre.     Per  lln.  ft.,  cts. 

Surveys I  1«  0.4S 

Labor    Is.SI  s.bS 

Material 8.B5  2-SB 

Tout    ntM  "*-8» 

A  4T8-acre  "experimental  farm"  In  Minnesota  was  draln*4  urine 
4,  «  and  S-In.  tile.    Farm  laborers  received  t!  a  day.  and  t«ull  with 
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driver  was  rated  at  tl.EO  p«r  Aay.  The  coat  of  loading,  uuloadlM 
and  hauling  was  SO  cte.  per  tan  (or  the  flrat  mile,  plus  tO  eta.  per  ton 
for  each  additional  mile,  load  averaging  2M  tons  over  ordlaar;^ 
fleld*.  The  contract  price  for  trenching  (by  hand),  tile  laTlng  and 
backflUIng  was  (2.42  per  IDO  Un.  ft.  of  trench  8  ft.  deep,  plus  g  cts. 
for  each  additional  foot  of  depth.  The  average  trench  work  dona 
by  one  man.  at  |2  per  day,  was: 

Un.  ft 

S-(t.  trench 100 

3.B-fu  trench   »S 

6-ft.  trench 80 

After  a  man  had  acQulred  some  experience.  1  to  S-ln.  tile  were  laid 
with  a  tile  hook  at  the  rate  of  2,000  ft  In  10  hrs,.  whore  the  trencb 
was  In  good  condition  and  the  tile  convenient- 
After  the  llle  were  laid  they  were  covered  with  earth  1  to  S  Ina 
deep,  called  'Ulndlns."  A  man  astride  ot  the  trench  cuts  oS  earth 
from  each  side  with  a  tlla  spade.  This  blinding  Is  done  at  the  rate 
of  4.000  ft.  In  10  hrs.    The  blinding  holds  the  tile  In  place. 

The  backfilling  was  done  In  three  ways:  (1)  By  hand;  (2)  by 
drag  scraper;    (S)  by  plow  and  road  machine.     The  costs  were  as 

A  trench  >  ft.  deep  was  badcfllled  by  hand  at  a  cost  of  (O.EO  per 
100  lin.  ft.,  wages  being  (i.OO  per  lO-hr.  day. 

A  trench  S  M  f t  deep  was  backfilled  by  a  drag  scraper,  two  horses 
and  two  men,  tor  tO.OD  per  100  tin.  ft  of  trench 

A  similar  trench  was  backfilled  for  tO.SZ  per  100  lln.  ft,  using  a 
plow  flnt  and  •  road  machine  afterward.  Two  teams  and  drivers 
were  used  on  the  plow,  one  team  on  each  side  of  the  trench.  A  long 
evener  was  used,  and  the  plow  shifted  as  desired.  After  two  round 
trips,   the   same  gang  completed  tha  filling   by  means  of  a.   road 


Ft  apart 

Ught   sandy  soli ISO  to  300 

Heavy  loom    75  to  150 

Qumbo 30  to  100 

The  coat  In  dollari  per  acre  tor  tile  drains  may  be  roughly  esti- 
mated by  dividing  l.EOO  by  the  distance  apart  (In  feet)  of  the  lateral 
dralna  Thus,  if  the  drains  are  lEO  ft  apart,  the  cost  per  acre  ta 
1,500  4-150  =  110. 

In  Utah,  40  acres  of  Irrigated  farm  land  were  drained,  using  4. 
G  and  (-In.  tile,  laid  4  to  5  (t  deep.     The  cost  was  tl3.G0  per  acre. 
There  were  5,300  lln.  ft  of  tile  used,  at  the  following  average  cost : 
Per  100  lln.  ft 

Tile    t  6.40 

Laobr 3.80 

ToUd 110,80 

Ifr.  Jaa  T.  Taylor  gives  the  following  relative  to  pipes  laid  In 
1B91  for  Irrigating  4.100  acres  In  the  Alessandro  District,  Caliromla. 
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Th»  plpea  were  vltrUled  Bew«r  pipes  and  cement  plpeo.  I  to  IS  Ini, 
dlanL,  and  theee  pipe  lines,  including  trenctalnx.  eta,  coat  tTCIH 
(or  40  miles  of  pipe,  or  tIS.lE  per  acre  tor  tbe  lateral  wyatem.  IWi 
la  equivalent  to  BO  tU  of  lateral  plm  per  acre,  at  an  average  coat  ol 
SB  ct«.  per  ft.  laid. 

Coat  of  T<ie  Trenching  With  a  Machine.* — A  maehliie  anade  by 
tbe  Buckeye  Traction  Ditcher  Co..  of  Findiay,  Ohio,  was  aaod  on  tbe 
Northwest  Experiment  Form,  University  of  Minnesota.  Ju  mx. 
The  machine  dug  a  trench  14H  Ina  wide  and  4%  ft.  deep.  It  tad 
an  S-hp.  trailer  and  consumed  4G0  Iba  of  coal  and  1  bbia  <if  waiv 
per  day.  It  dug  S4,000  lln.  ft.  of  trench  In  4S  daya  actual  woridnx 
time,  or  1t4  llo.  ft  per  day.  The  men  who  bandied  (he  inacliliM 
were  ineiperlencod. 

The  following  was  the  coat: 

PerltOft. 

Idiior  running  machine tO-4fi 

Coal  at  tT.SO  per  too e.13 

Water O.ll 

Oil    O.OI 

Repairs O.lt 

Total  ditching   t0.91 

Laying  tile D.ll 

Blinding •.SB 

Incidenlala O.BS 

Total   n.M 

The  price  of  the  machine  was  tl,<0(l. 

Although  the  machine  wbh  not  well  handled  and  had  not  at  that 
time  (1901)  been  perfected.  It  made  a  very  creditable  record  of  coat, 
as  contrasted  with  hand  work,  for  the  latter  coat  tt.SS  per  149  Un. 
ft.  on  the  same  farm. 

Two  men  operated  the  machine. 

I  recently  saw  a  machine  of  the  same  make  and  alae  on  a  tarm 
in  New  Jersey  where  It  was  averaging  £.000  lin.  ft.  of  tr«s^ 
(IS  ina  X  a  ft)  In  10  hrs. 

Coat  of  Laying  Small  Qaa  Main*  on  Bin  Jobs-t— lir.  W.  H.  Mal- 
laclc  is  author  of  the  following; 

In  this  article  the  coat  Is  given  of  laying  4-tn.,  fi-ln,  and  ID-ln.  gaa 
mains  on  t  different  jobs,  there  being  a  tolal  of  10,814  lln.  ft.  of 
pipe  laid.  The  10-In.  main  was  first  laid,  the  S-in.  and  4-1n.  tollow- 
Ing.  The  work  was  done  In  the  montha  of  Hay  and  June^  ISII. 
The  weather  during  that  spring  waa  unusually  wet  and  all  cosla  are 
a  little  hi^er  than  they  ^ould  be,  yet  the  tables  will  glva  a  fair 
Idea  of  what  work  will  cost  under  such  condltlona 

The  ditch  averaged  3  f t.  C  Ina  In  depth  and  was  t(  tna.  wMe. 
Tbe  Mil  was  halt  and  half  sandy  clay  and  gumbo,  with  the  excQ»- 
tion  of  about  ISO  ft.  of  quicksand  encountered  in  laying  ttie  imin. 
line.     The  lO-ln.  line  waa  almoat  all  laid  on  rainy  days  in  a  wm 
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ditcL  Vrata  IfiOtt  to  1.000  ft  of  Um  dlt«h  were  one-third  full  of 
water  at  ona  tlnM,  which  cauaed  It  to  cave,  and  about  BOO  ft  had 
to  be  redug,  aalde  from  btUllnK  the  water  wtth  huckelB  from  ofuae 
2,006  ft.  of  It. 

A  creek  was  croesed  with  the  10-ln.  line.  Here  lead  jolnta  were 
ueed,  but  all  other  Jolnta  on  the  elx  joba  were  mEide  with  cement. 
The  following  fittings  were  put  In  on  the  lO-In.  line:  Three  10-ln. 
dripe,    thirteen    E-ln.    teee.    one    ID-ln.    cross,    and    one    lOilO-ln. 

The  S-ln.  line  No.  1  wae  laid  next  and  under  similar  condltloal^ 
and  the  following  flttlncs  used:  Three  C-in.  crosses  and  three 
gi4-ln.  teea. 

The  4-ln.  linen  were  put  In  when  the  weather  was  Kood  and  the 
■Oil  dry.  Records  kept  In  laying  the  4-ln,  pipe  showed  that  t  ft  of 
yam  would  make  four  Joints  and  tlu.t  one  sack  of  cement  would 
caulk  and  cap  SI  Jolnta  Lehigh  Portland  cement  was  used,  and 
testfl  previously  made  showed  tensile  Btreugths  of  from  EOO  to  BOO 

The  gang  averaged  IS  men.  The  best  day's  work  consisted  of  SZ 
lengths  of  S-in.  pipe  and  29  lengths  of  4-ln.  pipe,  the  ditch  being 
opened,  pipe  laid  and  caulked  In  10  tioure.  In  backfilling  the  trench 
the  earth  was  hand  tamped  In  from  S  to  8-ln.  layers.  The  team  Was 
used  in  handling  pipe  and  other  mppllea  from  the  plant  to  the  Job, 
an  average  dlelance  of  two  mllea. 

The  following  wages  were  paid:  Foreman,  27 H  eta  per  bour; 
caulkero,  22  to  2E  eta  per  hour :  laborer^  IT  cts. :  team  and  driver, 
4G  eta.;  watchman,  ITA  eta,  and  water  boy,  15  eta  per  hour.  A 
night  watchman  was  employed  throughout  the  Job  and  a  man  for 


The  coat  of  the  work,  divided  Into  various  Items  ot  labor  for  each 


Superintendence   O.OOB 

Bxcavatlon    0.040  0.033 

Caulking'    0.004  0.907 

Backfllltng     0.040  0.032 


Total  cost  per  It tO.998  t0.09«  tOlll 

Job  No "B-;  -V"  'jy 

Slae 4-in.  6-ln.  «-ln. 

Total  ft  laid S"  ..  S"  ..  !S3 

Team  and  driver 10.009  $0,011  lO-lJ? 

Foreman    0.000  0.008  0.160 

Si^erlntendeDce ---  2-?S5  Viii 

^^vatlon    0.062  0.409  0.600 

&Slk1ng     O.OOT  0.009  0.110 

Backfilling     fl-OSfl  9-1Z6  _^1»7 

Total  coat  per  ft I0.1J7  I0.I2B  tO.117 

Tbe  aundiT  expanse  Item  Is  tor  the  watchman  and  water  bor- 
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All  the  pipe  wai  teited  betors  goiae  Into  the  dltcli  and  all  looky 
Joints  were  cut  out  and  redrlven.  There  were  IS  sucli  Joints  oo  the 
10-In.  line  due  to  rain  over  nt^t  on  green  Jolnta.  After  the  pipe* 
were  all  laid  they  were  all  tested.  The  10-In.  line  was  tested  from 
four  parts.  The  othere  were  tested  once.  This  leetlnir,  which  was 
all  In  the  air,  was  done  with  an  old  style  hand  pump  that  reqotiwl 
10  men  to  operate.  In  testing,  12  men  were  used,  10  to  pump  up  (he 
line,  1  to  snap  Joints  end  1  to  took  after  the  saKe.  The  time  coo- 
sumed  by  a  test  varied  from  4E  mlns  to  lU  hrs.  This  time  Is  dis- 
tributed BS  well  as  possible  between  the  laborers  and  caulker^  as  all 
took  a  hand. 

After  completing  the  work  a  final  test  was  made,  as  rtiown  br 
Fig.  S.  The  piping  was  placed  and  a  meter  set :  the  pressure  was 
then  equalised  by  running  gas  (rom  an  old  lO-ln.  line  through  the 
1-ln.  line  and  Into  the  new  line,  this  line  belnR  opened  at  B  tor 
IE  mlna  At  the  end  of  this  time  B  was  HoKd  and  A  opened, 
allowing  the  gas  to  pass  through  the  meter  and  to  register.      After 


^ 


>  II 

S^yr-  Co/?fr. 


Fig.  G. 


the  register  was  made,  which  took  almost  10  mlns..  the  meter  was 
read  and  noted,  then  left  standing  lor  Z^  hrs.  At  the  end  of  that 
time  It  was  reread  and  flndlng  the  reading  to  t>e  the  same  as  at  ttie 
time  of  the  first  registering,  It  was  ioiawn  that  no  gas  had  pniiil 
through  the  meter,  hence  there  were  no  leaks  In  the  new  line.  Tbs 
tollowlng  dny  men  were  sent  along  the  line  and  all  drip  leads  were 
opened,  allowing  all  air  to  pass  out. 

Cost  of  Laylna  Wrought  iron,  Screw-Joint  Pipe  for  Comprssssd 
Air  Main. — Mr.  E.  E.  Harper  gives  the  following: 

The  work  consisted  of  laying  T.DOO  ft.  of  S-ln.  and  1.000  fL  of  t-ln. 
Wrought-iron.   screw-joint   pipe   for  a   compressed  s 
80   to    90  lbs.  pressure.      The  work  was   all   performed  by  c 
labor,  none  of  the  men  being  experienced  In  pipe  laying. 

The  greatest  c.iuae  of  delay  In  laying  screwed  pipe  la  the  dUB- 
culty  In  getting  each  succesejve  length  of  pipe  into  line  and  keepinc 
It  there  unlll  the  nrat  threads  take  hold  and  the  pipe  begins  to  screw 
together.  To  overcome  (his  difficulty  a  cradle  for  supporting  the 
pipe  at  the  Joint  a  Jack  for  adjusting  and  supporting  the  outer  end 
Of  the   pipe  and  a   atrnlght-edge  for   lining  the   pipe  were  devised. 


The  cradle  holds  the  threaded  end  of  the  pipe  in  povitlon  to  ei 


«-|bs 
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sleeve  coupling  on  (he  lait  joint  laid ;  the  jack  allows  both  vertical 
and  horiEOntal  adjustmeDt  of  the  Joint  of  pipe :  and  the  straight- 
edge ahowB  when  the  pipe  is  In  line  ready  to  screw  together.  Tho 
cradle  was  simply  a  wood  hlock,  8  x  G  Ins.  x.  24  Ins.  In  Length,  with  a 
groove  having  a  4-ln.  radius  cut  In  Its  tap.  The  Jack  Is  shown  by 
Fig.  6  and  the  Btralght-edge  by  Fig.  7.  The  movable  block  on  the 
Straight-edge  Is  necessary  because  It  Is  almost  Impossible  to  makQ 
B  12-ft.  straight-edge  that  will  remain  true  for  more  than  a  day. 


Pig.  ».— Jack. 

These  devices  saved  fully  B0%  over  the  crude  and  unsatisfactory 
method  of  using  blocks  to  hold  the  pipe  In  line.  There  was  no 
straining  and  ilftlng  to  hold  the  pipe  In  place,  and  a 
were  started  together  straight  there  were  no  stripped  thre 
bad  Joints,  and  the  pipe  made  up  so  easily  that  one  man  with  a  pair 
of  3-ft.  tongs  often  screwed  an  B-ln.  pipe  half  way  up ;  It  was  then 
completed  by  four  men  using  two  pairs  of  tongs  with  8-ft  handles. 


I  the  pipes 


Fig.    T— Straight   Edge. 

The  threads,  both  male  and  female,  were  cleaned  with  wire 
brushes.  Dixon's  pipe  Joint  compound  was  used  on  all  screwed 
Joints.  Ring  gaskets  of  1/16-ln.  Rainbow  packing  were  used  on 
flange  Joints,  the  gasket  being  pasted  to  one  flange  with  coal-tar 
roodng  paint,  which  held  it  In  position  while  the  Joint  was  being 
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It  was  laid  with  sleeve  coui^Iiikk  11  H  threads  per  Inch,  with  « 
flanie  union  every  150  ft.  and  U-bend«  for  expaaalon  everr  GO*  fL 
The  average  length  at  Joints  was  lO.l  ft.;  an  averaKe  of  S8S.Z  ft. 
of  pipe  or  of  19.1  Joints,  was  laid  per  10-hr.  Ob-t-  The  beM  day's 
work  was  l.OSE  fL,  or  53  Joints  with  t  men  working  »  lir&,  inrfctnj 
ITT.S  fL  per  man;  the  poorest  day's  work  warn  IZO  fL,  or  «  >ilot^ 
by  S  men  worklnx  9^  hra.  The  work  was  done  from  Auk.  IS  tn  !1. 
I90T,  In  fair  weather  except,  tor  one  day,  when  the  men  'worked 
4  hra.  In  rain  and  laid  St  Joints.  The  man  walked  t  K  to  I  miles  to 
and  from  work.  The  average  sang  was:  4.SG  men  at  Id  eta.  ptr 
hour,  1  foreman  at  30  cts.  per  hour,  and  1  waterboy  at  to  eta.  per 
hour.    The  cost  of  plpalaylng  was  as  tollows  per  ISO  fL: 

Perioen. 

Clearing  right  of  way (0.121 

Hauling  and   distributing I.G78 

BlocklDg:  to  grade O.IK 

Constructing   bents 0.4EO 

Anchors  for  U-bends l.JSO 

I^lntlDg    I.SM 

Tools    B.IBO 

Tasting    0.t«0 

Laying  I.IIT 

Surveying  and  superintendence O.TM 

Total  t».»l 

The  total  cost  per  foot  exclusive  of  coat  of  pipe  was  I.SII  eta., 
or,  say,  10  cla  The  following  notes  explain  the  work  Included  In  the 
various  Items: 

Clearing, — Removing  small  brudi  tor  a  width  of  10  fL 

Hauling. — The  average  hauls  were  3,000  fL  over  bad  roads,  stacp 
and  rough.  This  Item  Includes  loading  pipe  on  earn  and  unloadlu. 
hauling  and  distributing.  Including  aeven  U-benda  Tctuns  and  drlr- 
ers  got  13  per  da?. 

Blocking. — Includes  temporary  blocldag  and  bendlnx  Idpe  In  Are 
places  by  building  flres  on  IL 

Anchors  for  U-Bends. — Includes  8  piers  at  til  eadi,  InclDdlng 
bolts  and  clampa 

Bent  Construction, — Include*  carpenter  work  only  on  about  tO 
bents,  averaging  3  IL  In  height  and  made  i  x  S-lo.  rtuS. 

Painting. — Includes  cost  of  painting  and  cleaning  pipe  with  wire 
brushes  with  paint  costing  (1  P«r  gallon  and  lab<»  at  10  eta.  per 
hour.    The  pipe  was  painted  one  coat 

foola — Includes  shopwork  and  depreciation. 

Sight-lncli  Pipe  Line. — The  total  length  of  8-ln.  pipe  was  7,101  ft. 
The  pipe  was  8-ln.  O.  D.,  lap-welded  caalng  weighing  10  lbs.  per 
foot,  laid  with  sleeve  couplings,  IIH  thrsads  per  Inch.  The  avenge 
length  of  Joints  was  1>,1E  ft.  There  was  a  flange  union  every  lEI 
fL,  and  U-bends  for  expansion  every  600  ft  An  average  of  Eftl.fl  fL 
was  laid  per  day,  of  10  hra,  or  iS.S  Joints.  The  be«t  day's  work 
was  E13  fL,  or  12  Joints,  by  ■  men.  Including  foreman;  the  pooreM 
day's  work  was  ISO  ft,  or  10  Joints,  by  T  mm.  Including  fi 
The  work  was  done  from  July  I  to  Aug,  G,  1107.  the  n 
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bot  and  tuttiy,   the   ttaemMimeter  tsnglog  from   %i°  to   100°,   and 

Kveraglog  90*  In  shade.    Tba  average  saiiK  was:   G.S2  men  at  30  eta. 

per  tuMT,  1  (oreman  at  tO  eta.  per  hour,  and  1  waterboy  at  10  eta. 

per  hour.    The  coat  waa  aa  follow*  per  100  (t : 

Per  100  ft. 

SurveyInK  and  auperlntendence. }  1.000 

laying   3.&80 

Clearlim 0.187 

HauUns  and.  diatrlbutlnK l.OSZ 

Blocklnx  to  grade 1.110 

Constructing;  beat* l.OtI 

Anchors  for  U-benda S.GtG 

PalntlnK 1.200 

Toola   O.IOS 

TeatlUK 0.888 

Total  cost  of  taring 113.201 

Cost  of  pipe 7«.400 

Orand  total  cost ISS.tOi 

The  total  cost  per  foot,  exclualve  coat  of  pipe,  vaa  thus  1Z.2  eta., 
and  tncludtng  cost  of  pipe  B8.S  cts.  The  foUowing  notes  evplaln  the 
work  Included  In  the  various  Items: 

Clearing. — Removing  small  brush  for  a  width  of  ID  ft. 

Hauling. — Includes  It  U-bends,  which  cost  (1  each  to  haul;  teama 
and  driver^  30  cU.  per  hour;  laborers,  ZO  eta  per  hour,  and  forfr- 
man,  SO  cts.  p«r  hour. 

Bent  Oonatructlon. — Includes  carpenter  work  only  on  about  30 
benta  of  4  s  I-In.  atulT,  spaced  30  ft  apart  and  ranging  In  height 
from  1  ft  to  II  ft.,  averaging  S  ft.  high. 

Anchors  for  U-Beoda — Includes  12  piers  at  tlS  each,  Including 
bolts  and  clampa 

Painting. — Same  as  for  l-ln.  pipe. 

Testing. — Includes  laying  and  connecting  ZOO  ft  of  l-ln.  pipe  to 
pump  line.  Tested  to  110  lbs.  hydraulic  pressure.  Lealcs  developed 
In  two  tees  In  line  and  these  were  repaired,  line  tested  again  and 
found  light  The  pipe  cost  (76  per  ton  {100  ft)  f.  o.  b.  HcKeaa- 
port  and  the  freight  to  Flat  River  Was  40  cts.  per  ton. 

cost  of  Malntarnlng  Teanis^ — I  have  maintained  teams  at  the  fol- 
lowing cost  per  month  per  team  of  two  horses: 

U  ton  ofhay^  'i\*\'' *.£-S8 


raw  for  beddlns. . . 
- 1  medlclni 


Shoeing  and  e 

Total    f  I8.G0 

A  generation  ago  there  were  2.0OO  horses  used  on  the  Brooklyn 
street  rallwaya  The  cost  of  feeding  each  horse  was  tlO  a  montll, 
and  the  depreciation  in  value  of  each  horse  waa  2i%  per  annum. 

Contract  work  Is  not  ao  severe  as  street  car  work ;  still  the 
annual  depreciation  la  probably  not  less  than  ]E%.  A  team, 
wagon  and  harness  costing  1300  should  be  charged  with  about  360 
per  annum  for  Interest  and  depredation.  When  the  team  Is  work- 
ing It  must  be  fed  oats,  when  not  working  It  con  be  fed  on  hay  at 
halt  the  usual  cost 
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Th«  tollowlng  gtvei  the  average  'eed  of  boraeB  and  nmles  lued 
Uy  the  H:  C.  Frick  Coke  Co.,  eitendlng  over  a  period  of  C  reus: 
600  lb&  of  har,  T  bus.  of  oats,  i  2/E  bua.  of  com  on  the  ear  per  head 
per  month.  The  dally  feed  of  each  animal  waa  two  (eeda  of  oom, 
II- ears  to  the  feed  (TO  lbs.  per  bu.),  one  t-qt.  feed  of  oat^  and 
about  18^  Iba  ol  hay.  Each  animal  averaKed  about  IS  miles  trav- 
eled per  day  undargrroimd,  IS  mllee  being  the  l^1yx'"^^■T  10-hr.  day's 

It  Is  not  ordinarily  possible  to  get  more  than  180  days  of  work  per 
annum  out  of  a  contractor's  team  in  the  North,  and  very  freqaently 
much  less.  We  may,  therefore,  say  that  fl.GO  for  each  day  actoBlly 
wericed  by  the  team  will  cover  Its  feed.  Interest  and  depreciation,  for 
the  year.  If  the  driver  Ib  paid  only  while  at  work,  then  his  fl.GI 
added  to  that  of  the  team  makes  |t  a  day  for  each  day  worked. 

The  cost  of  feeding  2G  horses  at  work  building  roads  near  Su 
Pranclsco,  tor  a  period  ot  12  moa,  was  as  (ollowa.  per  bnisi 
per  day: 

ig  Iba  wheat  hay.  at  I15.G0  per  ton tO.SlC 

12   Iba  rolled  barley,  at  tS4.10  per  ton O.IEO 

1 H   lbs.  oats,  at  127.40  per  ton 0.010 

U   lb.  bran,  at  121.10  per  ton O.OOt 

iS  Iba  straw  beddlnf  at  tl3.80  per  ton O.D«f 

Wages,  1  stableman  (1776  for  year),  and  hauling 

forage  (J2S1  for  year) 0.111 

Total  per  horae  per  day tO.ElO 

The  above  shows  a  consumption  of  nearly  4S  lbs.  ot  feed  per 
horse  per  day,  which  eeeniH  targe,  but  Is  not  excenlve  tor  heavy 
draft  horses  working  dally.  A  conaervallve  estimate  of  the  food 
waste  Is  5%. 

A  {aur-horee  team  avsraged  IS^  mllea  traveled  per  day  orar 
fair  macadam  roads  with  some  G%  grades  The  load  was  I  short 
tons,  plus  the  0.6E-ton  wagon ;  and  the  hatiL  one  way,  was  %  to 
1  mile. 

Cost  of  Horse  Maintenance.*— In  a  report  to  the  Street  Cleaning 
Department  Of  Boston,  Masa.  Hr.  Richard  T.  Fox,  Sanitary  Rz< 
pert  Chicago,  111.,  gives  some  figures  as  to  the  viable  and  yard  ex- 
penses of  that  department  for  1904.  The  following  matter  has  bean 
taken  from  that  report.  The  street  cleaning  department  owtis  ItS 
horses,  which  are  used  for  driving  purposes  for  machine  sweeping 
and  the  removal  of  street  dirt.  Of  these  horses  tS  are  maintained 
directly  by  the  department  and  S3  are  boarded  by  the  Sanitary  D»- 
partment.  The  net  cost  In  1906  for  rent  repairs,  shoeing,  veterin- 
ary services,  medicines  and  feed  for  the  IZS  horses  amounted  to 
1(0.283.  The  cost  per  horse  per  year  Is  therefore  I617.8S  or  fiS.15 
per  month.  As  a  comparison  Mr.  Fox  found  that  the  S.  B.  Plertw  * 
Co.,  wholesale  grocers  of  Boston,  paid  JS7.0S  per  horse  per  month 
for  maintenance,  the  cost  Including  shoeing,  veterinary  service  and 
boarding  in  a  public  stable.  Mr.  Pox  considers  that  $10  per  month 
Is  a  fair  average  yearly  price  per  horse,  If  mahitatncd  at  prtrate 

•Enffineerlnff-Conttnctiiia,  Nov.  13,  1907. 
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«xp«nM.  The  horse  BbaelnK  bill  tor  the  Street  'cleaning;  Department 
ammuiCed  lo  }33.4S  per  year  per  horse  or  (£.78  per  month.  The 
veterinary  services  and  medicine  amounted  to  |lT.!t7  per  horse  per 
year.  In  comptirlson  with  this  Ur.  Fox  found  that  8.  3.  Pierce 
t  Co.  pay  a  little  less  than  tl£  per  year  for  veterinary  service  and 
■nedlclne;  the  Boston  f^re  Department  pays  |13  per  year  per  horse, 
and  the  Knickerbocker  Ice  Ca,  Ctilcago,  Hi,,  pays  fG  per  year 
per  horse. 

Cost  of  Maintaining  Horses,  New  York  City.* — A  report  made  by 
the  Parsons'HeninK-WlilDery  CommisBion  on  the  cost  of  municipal 
street  cleaninK  contains  data,  on  horse  maintenance,  of  which  the 
follawing  is  a  brief  summary.  The  cost  of  maintaining  each  of  I.lTi 
horses  for  one  year  (190fi)  in  Manhattan  and  The  Bronx  was: 


Total,  at  fl.IO  per  day  (36G  days) t4T3.13 

The  commlBBlon  stales  that  private  corporations  In  New  York 
City  pay  about  1330  p«r  year  per  horse  for  the  same  malntenacce 
that  costs  the  city  t^^l■ 

Feed  for  Street  Car  Horsss.^The  daily  mlleose  of  street  car 
horses,  working'  in  teams,  is  16  miles  travsled  In  3  hrs.  In  cool 
weather  this  mileage  may  bo  covered  in  one  Crip,  but  in  summer 
the  time  should  be  divided.  For  this  sort  of  work  a  horse  welshing 
about  1,100  lbs.  is  besL 

A  weekly  report  of  feed  should  show- 
Used  during 

week.         On  hand. 
Hay    . 


Oats  .'.'. 


Salt   . 


Average  number  of  h 

Pounds  of  hay  and  meal  per  horse. 

Remarks 

Required  during  week 

In  Brooklyn  the  old  horse  car  companies  prescribed  the  following 
feed  per  horse; 

In  summer,  IS  lbs.  of  mixed  grain  ground  (G  Iba  com,  10  Iba 
oats).  In  winter,  10  lbs.  corn  and  G  Iba  oats.  About  IG  lbs.  ot  cut 
hay  moistened  and  rolled  with  the  meal.  About  4  lbs.  of  cattle 
salt  to  each  100  horses.  Hours  for  feeding.  G  :30  and  10  a.  m.  and 
4  p.  ro.  Quantities  at  each  feed,  10.8  and  13  Iba  respectively.  Road 
mileage,  10  rotles  per  day;  rest  Sunday.  Average  working  llt< 
(based  on  20  years  experience)  T  years. 

•Bn(rii«eertnp-(7oiitroc«np,  May  20.  1908. 


1810  HANDBOOK  OF  COST  DATA. 

In  Providence,  R  I.,  about  SS  lbs.  of  ttraur  lor  baddins'  r 
per   horse  per  month.      Horaaa  In  groups  of  1(   i 
kne  etHble  man,  who  nlao  hamcwM  them. 

Coat  of  Malntalnrng  Fann  Horaei  and  of  Railing  Hay  and  Oarto  li> 
Mlnneiota.*— -The  following  data  should  be  of  value  botli  to  th* 
hlghwar  enslDeer,  for  eatlmatlnK  the  cost  of  haulliut,  and  to  tiM 
contractor  who  may  wlah  to  raise  feed  for  hla  horaea.  Hm  data 
have  been  abstracted  from  bulletins  Noa  4S  and  TI  of  tlM  U.  8. 
Department  of  AKrlcolturo,  entitled  "The  Coot  of  Prodndns  ICinne- 
■ota  F'arm  Products."  The  bulletins  contain  very  complMs  atan- 
marles  of  tlie  results  of  careful  InveMlBatloae  during  tbe  years 
1901  and  IBOT  inclusive^  coverlOK  about  TB  tarma  In  Are  conntfea 
of  Mlnneaota.  These  bulletins  mark  the  bexInnlnB  of  the  acloatlflc 
application  of  coat  analysis  to  farming,  and,  ao  far  aa  we  know, 
are  the  only  records  of  their  kind  In  prinL 

The  first  step  In  ascertalnlns'  the  cost  of  producing  crops  Is 
to  determine  tbe  cost  of  a  horse  hour  and  ot  a  man  liour.  To 
do  this  the  "route  itBtlntlclani^'  (assisted  by  the  farmers)  kepi 
accurate  records  of  the  number  of  hours  that  eacb  horse  was 
actually  worked  each  day,  aa  well  aa  the  number  «f  hours  woikod 

For  the  purpose  of  condensing  the  reaults,  while  at  tbe  aanta 
time  giving  the  data  in  considerable  detail,  we  have  aelected  tbe 
records  of  Rice  county,  where  14  tBrms  at  about  ITO  acres  eadi 
were  recorded.  There  were  S.4  Work  horses  (not  Indudlog  celts  or 
driving  horses)  per  farm.  The  time  of  the  farm  owner  was 
counted  as  being  of  no  more  value  than  of  Us  hired  men.  nM 
following  Is  the  average  number  of  boura  worked  per  day  duriag 
the  years  1S02  to  1107,  Including  the  time  of  the  farm  owner: 
Week  Days.  Sunday. 
Man.      Horoa.    Man. 

January   1.80         I.IS        4.SS 

February  8.61         1.14        4.88 

March     7.BI         1.14         4.*1 

April     e.gg         4.B4         4.0> 

May     9.ai         4.00         *.4« 

June    t.tt  S.Jl         ».ll 

July     «.3t         1.44  LSI 

August    10.2B  4.78         S,«S 

Seplember   11. OJ  4.07-         J.93 

October    B.E(  1.81  I.S4 

November    B.OS         I.OS  t.(E 

December T.M  l.SG         4.57 

Average    S.94  1.01         1.64 

On  20  farms  In  Lyon  county   (averaging  lED  aerea  eacA)   tbov 
were    6.8   work   liorsei  per   farm:   and   on   IS   farms   In   Norman 
county   (averaging  110  acres  each)   there  were  7  work.  borsM  per 
farm:  and  the  average  number  of  hours  worked  was  aa  tallows; 
I^tn.      Norman, 

Per  week  day  per  man t.<t  8.19 

Per  week  day  per  horse ).!■  1.14 

Per  Sunday  per  man I.OB  1.7( 

'BnetneerinB-Coiitrmitinff,  June  8,  1909. 
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It  would  appear  that  the  Bimday  work  coiulBtad  m^nly  In 
oaring,  for  the  stock  and  mUklns  the  cowa  Tbara  were  about  11 
Inilcb  Mws  per  farm. 

If  th«  3.44  hour*  of  Sunday  work  reprMeota  th«  average  dally 
time  ap«nt  caring  for  the  Block,  etc..  It  would  •eem  that  this 
accounta  In  large  measure  for  the  miail  number  of  hours  worked 
dally  by  each  horse.  Neverthelesa  there  Is  a  mrprialnK  loss  ol 
horae  time.  According;  to  the  bulletins,  this  Is  In  part  due  to  the 
practice  on  many  farms  of  harlog  from  "one  to  three  unaeceasary 
horaes,"  kept  "mainly  that  they  may  b«  available  during  a  few  days 
wtien  the  crops  were  ttefng  harvested." 

Id  rauad  numbera  we  may  say  that  each  horse  averaged  only 
1,000  hra.  worked  per  year,  which  Is  equivalent  to  IDO  days  of  10 
bra  each.  The  cost  of  feeding  horses  averaged  (SB  per  year 
(I90B-190T>  Id  Rtce  county.  |SB  la  Lyon  county,  and  |4S  In 
Norman  county.  The  detailed  cost  of  the  feed  In  Rice  county  was 
as  follows  per  horse  during  190B  to  ISOT : 

Orain  for  4  winter  moa,  1.4TT  Iba  at  O.T  ct. (lO.SS 

Hay  for  4  winter  mos..  1.9Z4  Iba  at  0.27  ct. B.31 

arain  for  S  acllve  mos.,  3.TSG  lbs.  at  0.88  ct 33.0E 

Hay  for  g  active  moa,  B,I4B  Iba  at  O.Sl  ct 18.21 

Total,  1S,S30  Iba f 64.BS 

The  prices  for  grain  and  hay  were  the  local  market  prices  less 
the  cost  of  tuuling  from  the  farm  to  the  msrket.  The  grain 
was  oata  tiarley  and  com,  weighing  32,  48  and  E8  lt>a  per  bushel, 
req>ectlvely.  Oati  at  0.88  ct  per  lb.  Is  therefore  equivalent  ta 
27\i  eta  per  bushel  During  the  years  ISOG  to  I90T.  the  average 
farm  prices  of  farm  products  throughout  Minnesota  were  as  follows : 
Oata  Bl  eta;  barley.  45  eta:  corn,  19  eta;  hay,  t*.2T. 
The  feed  per  horse  per  day  was  as  toUowe  In  Rice  county : 

Winter        Active 
Lba  LJbm. 

Grain 12.1  1B.4 

Hay    16.8  21. a 

Total    27.9  te.< 

No  account  was  kept  of  pasturage  nor  of  any  straw  fed  to  horsea 
It  Is  not  clear  whether  the  lower  price  (O.T  ct  per  lb.)  for  grain 
In  the  winter  season  was  due  to  feeding  corn  Instead  of  oats,  or 
not.  It  should  be  noted  that  the  feed  during  the  winter  season 
cost  fS.OS  per  horse  per  month  as  compared  with  fO.lS  per  month 
during  the  active  season.  In  Norman  county  the  cost  of  feed  was 
much  lower,  due  to  the  practice  of  feeding  very  largely  with  straw 
In  the  winter  months  The  extent  to  which  (his  was  done  Is  well 
fdiown  by  the  following  records  per  horse  per  day  In  Norman 
county :  Winter       Active 

Lba  Lba' 

Grain    S.O  11.4 

Hay   8.4  23.4 

Total    12.4  34.8 
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The  aver&KC  annual  coat  of  maUttalnlliK  a  horse  in  Rice  a 
was  estlnuLted  aa  fallows : 

Averse  for      Ftor 
190410  1307.      1S07, 
Interest    on    horse    at    B%    on    de- 
preciated   value t  E.e4  t      C.74 

Depreciation  (too  tow) E.et  4.36 

Hamssa  depreciation S.IO  1.39 

Shoelnt; 1.41  1.4< 

Peed     <1.49  T5-0) 

Labor     11.88  lE.Ol 

HiBcellaneous    0.40  0.29 

Total    .t9D-40  (104.27 

ThQ  Item  of  interest  iB  estimated  on  the  HverBge  c 
value  of  the  horHe ;  thus  a.  hone  worth  tZ20  !□  Its  prime  (4  gn. 
old),  has  B.  workinK  life  ol  10  to  IE  fears,  aud  at  the  end  of  that 
time  la  worth  nothing,  hence  the  Interest  la  estimated  on  its  avenxs 
depreciated  value  of  fllO. 

The  bulletin  states  that  the  annual  depredation  of  S5.G6  ts  is* 
low  for  an  average,  and  Is  due  to  the  fact  that 
the  market  prices  of  horses  has  offset  iBrgelr  the  ac 
This  method  of  accounting  Is  fBllBcloua.  for  fluctuatinx  market 
values  should  not  he  allowed  to  affect  the  depreciation  charged 
off  annually,  for  this  depreciation  charge  Is  really  a  sInklnB  fund 
charge  intended  to  return  the  original  Investment  at  the  Bid  of 
the  life  o(  the  animal.  If  a  flEO  horse  has  an  average  working  life 
of  10  yeata,  (IE  should  be  charged  oft  each  year  for  depreclatloa. 
which  Is  19.44  more  than  the  average  depreciation  charge  above 
given.  An  Item  that  has  been  entlrelr  omitted  Is  the  cost  of  sbelteT- 
Ing.  The  bulletin  eatlni^es  this  item  at  about  tG  a  year  for  eaiA 
cow,  which  covers  its  pro  rata,  share  of  interest.  Insurance,  de- 
preciation and  repairs  on  a  bam  costing  fSO  per  head  housed.  If 
we  add  the  f9.44  and  the  tG  to  the  190.40  above  given,  we  have 
a  total  of  flOE  as  the  average  cost  of  maintaining  a  horae  during 
1104  to  1907.  The  corresponding  cost  for  1907  would  be  nearly 
tl£0.  Hence,  on  the  basis  of  1,000  hours  worked  annually,  the 
cost  of  maintenance  was  12  cts.  per  horse  per  hour  In  Rice  county 
In  1907.  Including  cost  of  housing  and  a  fair  allowance  for  de- 
preciation, there  was  no  county  where  the  average  annua!  cost  of 
maintenance  fell  below  1100  per  horse  In  1907.  Re^rdlng  tbe 
assumed  depreciation  of  10  per  cent  per  year,  the  bulletin  says: 

"The  exi>er!ence  of  many  farmers  would  Incldate  that  the  avet«(s 
working  life  of  a  farm  horse  Is  ten  years." 

It  will  be  remembered  tliat  the  feed  was  charged  at  Its  martlet 
value  less  the  cost  of  hauling  to  market.  Strictly  speaking  this 
Is  not  correct,  but  the  teed  should  be  charged  at  Its  actual  cost  ta 
production.  This  cost  will  noit  be  considered,  trat,  tMfore  doing 
BO,  It  Is  desirable  to  record  the  cost  of  4ilred  farm  labor  In 
Hlnnesola. 

The  average  monthly  cost  wage  during  the  "crop  season"  (8  mos, 
April   1   to  Nov.   Jl)   was   1^6.16   in   Rice  county   daring  I90S   to 
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1897,  to  which  must  be  added  the  coat  Of  bo&rd.  which  was  tll-36i 
mnklrig  a  total  of  tID.&O.  During  the  four  winter  inonthB  (Dec  1 
to  Mai.  SI),  the  cash  wage  was  flS.GO.  This  makes  an  averase 
wage,  Including  board,  of  fST  per  montU  throughout  the  year,  or 
1444  for  the  year.  Aa  above  given,  the  total  number  of  hours 
worked  per  man.  Including  Sundaye,  waa  nearly  3.000  hrg.  per  year. 
Hence  the  con  of  regular  hired  farm  labor  was  nearly  IG  cts.  per 
br.  In  Rice  county.  The  average  for  the  three  counties  was  12  cts. 
per  br.  In  1>07,  the  cost  of  board  was  IZ  more  per  month  than 
the  avenige  of  the  years  190S  to  1807  In  Rice  county. 

In  addition  to  the  r^ular  hired  men  an  each  farm;  a  number 
of  men  are  employed  by  the  day  during  the  active  season,  and 
In  190T,  tbese  men  received  20  to  ZG  eta  per  hr.  Including  board. 
Unfortunately  no  record  Is  given  of  the  percentage  of  men  thus 
employed  by  the  day,  so  that  It  Is  Impossible  to  state  accurately 
what    was   the   average    wage   paid    to   all    men.    Including    both 

With  wages  of  regular  hired  men  at  IG  cti.  per  hr.  worked, 
and  cost  of  horses  at  12  eta  per  hr.  worked,  the  cost  of  team 
and  driver  waa  39  cts.  per  hr.  In  Rice  county  In  190T,  and  In  no 
county  was  It  less  than  SO  eta  It  may  fairly  be  assumed  to  have 
averaged  <ln  all  counties)  at  least  S5  cts.  per  hr.  worked  In  190T. 
It  men  hired  by  the  day  were  employed  as  drivers,  the  cost  was 
10  U>  45  CIS.  per  hr.  for  team  and  driver.  These  data  dispose 
of  Prof.  Ira  O.  Baker's  contention  that  team  time  on  a  farm  Is 
worth  only  a  fraction  of  the  ordinary  rates  at  which  teams  are 
usually  hired. 

Aa  above  stated,  the  cost  of  board  In  Rice  county  averaged  tl*.se 
per  month  per  mao  In  190T,  or  (ITS  per  year,  or  47  cts.  per  day. 
It  la  not  given  In  detail  for  any  particular  county,  but  the  following 

No.  I.  No.  1. 

Pood    10.181  (0.190 

Fuel  and  light 0.041  0.027 

Labor  (woman  at  |20  ner  mo.) 0.171  D.120 

lAbor  <nian  at  about  fSG  per  mo.) 0.010  0.012 

Total    t0.412      tO.S49 

Hie  higher  cost  on  farm  No.  1  is  due  to  the  fact  that  the  average 
number  of  men  boarded  was  only  3  ^  as  compared  with  6  on  farm 
No.  1,  thus  Increasing  the  dally  cost  of  the  labor  of  household 
work  charged  to  each  man's  board. 

The  cost  of  producing  various  crops  la  given  In  the  bulletin, 
but  unfortunately  only  the  average  cost  for  the  period  of  1902  to 
190T  Is  given,  and  not  the  cost  for  1907  also,  for  wages  and 
prices  were  considerably  higher  In  1907,  and  seem  likely  to  remain 
BO.  The  costs  are  given  In  terms  of  the  acre  as  the  unit,  but, 
aa  tbe  average  amount  of  product  per  acre  Is  also  given,  we  can 
arrive  at  ttie  cost  per  bualiel  or  ton.    Interest  on  tb«  land,  at  G 
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p«r  cent,  la  pn«arl7  Included  aa  ft  part  of  Ui«  cort.     Tb»  t^rOmtlim 
la  the  Bver«««  coat  per  acre  of  hay  Id  Sic«  county: 

Seed   , loiaa 

Howlns  (flrat  crop) o'mJ  ' 

BaJclos  (flrat  crop) ' ■ "   oTjS ^ 

CpcklOB  and  apreadlnr  (flrat  crop) »..m 

^ullDK  to  bam  (flrScrap) i  Ojl 

KowlnK  (aecond  crop) 0  mI 

Baking  (McoDd  crop) O'llB 

Cocklns  and  apreadliiK  <Mcond  crop) ft.IS» 

HauUnK  to  bem  (aocond  crop) 0  ISO 

Macblnery,  Intereat,  deprec^  and  rmalra o  Sis 

I^ndrwtai  (170  at  B%) .77. s.ISo 

Total    .t7.I7t 

Tbn  coat  ot  tlw  ae«d  per  acr«  wa>  determined  thus : 

S  Iba.  tlnwtbr  at  S  eta. tD.tt 

4  Iba.  clover  at  IS  eta. 0.(4 

Seed  tor  S  rra  at  |D.233  per  year t«.SS 

To  the  above  total  of  t^.lg  per  acre  ahoiild  be  added  Hboat  |1 
for  general  expenae,  according  to  the  bulletin,  which  would  give 
a  grand  total  ot  fS.lg  per  acre  of  bay.  The  average  yearly  prodnc- 
tlon  of  hay  (two  crops)  waa  1.15  tona  per  acre  In  Rloe  cMDity, 
hence  the  coat  woa  %Z.H  per  ton.  Tba  average  for  three  conntlea 
was  1.86  tona  per  acre,  hence  tt  la  aafe  to  Bay  that  the  eaet 
averaged  not  fiir  from  %i  per  ton. 

It  will  be  noted  that,  there  la  no  Item  for  plowInK  the  rttm" 
being  that  the  hay  aeed  la  aown  with  (be  grain  crop  against  wlildt 
the  full  coat  ot  plowing,  etc,  la  charged.  It  may  well  be  queatkioed 
whether  this  la  correct  accounting.     The  cost  of  plowing  la  tl.tt 

The  average  form  price  for  bay  In  Hlnneaota  waa  ti.W  per  ton 

during  the  period  of  ISDl  to  1907. 

The  cost  of  producing  oata  In  Rice  county  during  ltO>  to  HIT 

averaged  aa  follows: 

Peracn. 

Seed   »0.»»T 

Cleaning  aeed O.ftt 

Plowing  (In  tbefaU) l.»S» 

Dragging 9.1t( 

Seeding B.Kl 

Cutting t.401 

Twine  «.!« 

Shocking   O.Kt 

Stacking    •.T« 

Stack  tbmahlng  (labor) O-Gtt 

Thrashing  (ca£  cost) 0.714 

Machinery.  Interest,  dwrec.  and  repairs fl.Ell 

Land  rental  (t7«  at  E%) I.aw 

Total I».M4 

to  thia  ahould  be  added  about  II  for  general  expenae,  maUng 
a  grand  total  ot  flO.SG  per  acre.  The  average  production  In  Rloe 
county  waa  41  bu.  per  acre;  hence  the  coat  wn»  ncaurtr  M14  cla. 
per  buabeL  The  average  price  of  oau  In  HtnnaaoU  «••  >*.>  <:tii 
per  buahel  during  IBOZ  to  IWI. 
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Tbe  bulletin  does  aot  give  tlie  average  wage  paid  durliiK  DOt 
to  1M7,  but  It  Blves  enougb  data,  to  enable  ub  to  Hay  tbat  It  i>a« 
about  12  >4  cts.  per  hr.  worked,  IncludlnK  board.  The  cost  of  a 
borte  average  about  8  eta.  per  hr.  worked,  during;  the  Hime  period, 
OD  the  baala  of  depreciation  aMumed  (which  waa  confessedly  too 
low)  and  without  any  allowance  for  cost  at  shelter.  But,  t>mit'"B 
proper  allowance  for  depreciation  and  shelter,  the  coat  of  a  horse 
waa  about  9  eta  per  br.  worked.  It  )■  clear,  therefore,  that  a 
team  and  driver  cost  more  than  34  eta.  per  br.  worked,  during  the 
period  of  1902   to  19DT. 

It  should  be  noted  that  the  &rni  owner's  time  was  counted  the 
same  as  an  ordinary  farm  workman,  which,  as  above  stated,  wac 
12  K  cts.  per  br.  Obviously  tbis  Is  a  questionable  procedure.  The 
farm  owner  is  really  a  eupertntendent.  even  thou^  he  works  with 
bis  men,  and  he  Is  of  a  grade  of  Intelligence  that  would  command 
much  higher  paj*  than  an  ordinary  workman.  The  farm  owner 
really  gets  hia  pay  In  the  form  of  "prollta."  If  proper  allowance  1* 
made  for  "supervision,"  It  Is  evident  that  tbe  eoats  above  given 
will  be  considerably  Increased— protubly  by  at  least  10  per  cent. 

The  permanent  value  of  the  data  In  these  bulletins  would  be 
much  greater  were  the  averages  made  Into  a  sort  of  composite 
picture,  giving  a  typical  average  (arm  orgaolmtlon  thus: 

1  farm-owner. 

S  regular  hired  men. 

2  extm  men  (4  extra  lor  •  moa). 

1  woman,  household  work. 

Then  Ihe  average  lann  "plant"  should  be  listed,  giving  prtcea  of' 
each  Item.  Including  buildings  and  land,  cows,  sheep,  hogs.  etc. 
Then  tbe  total  annual  product  ebould  be  Itemised,  giving  actual  unit, 
coats  per  bushel,  pound,  ton.  etc 

Then  should  follow  the  unit  costs  per  acre,  and  these  should  ba< 
talnilated  so  as  to  show  the  amount  of  work  on  each  Item,  thus : 

Plowing:  1  team  and  driver,  i  hrs.  at  30  cts. 11.20 

iniigging:  1  team  and  driver,  1^  bra  at  SO  eta. .  0.4G 
Thle  should  be  followed  by  tbe  number  of  units  produced  per  act*.. 
The  information  In  these  bulletins  Is  excellent,  but  le  not. 
arraiiKed  as  above  Indicated,  and,  therefore,  any  Item  of  cost, 
on  any  given  farm  cannot  be  compared  with  another  except  In 
terms  of  dollars  and  cents,  which  la  often  very  mlaleadlng  duB' 
to  differences  In  rates  of  wagea  In  brief,  farm  costs  should  be- 
recorded  exactly  like  engineering  construction  costs,  giving  the. 
organltatlon  of  the  working  forces,  rates  of  wages,  prices  of  plant,, 
number  of  boura  (or  days)  of  work  at  stated  prices  are  required 
to  perform  each  item  ol  work.  When  recorded  In  this  manner, 
accurate   comparisons   are   readily   made,   and   correct   concluMona. 

By  way  of  comparison  we  add  some  data  taken  from  th«' 
"Bncyclopedla  Brittanlca,"  under  tbe  head  of  Agriculture.  ThMe> 
It  Is  stated  that  during  the  SO  weeka  ot  active  season  on  the  Uixm^ 
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each  horae  la  fed  1(  lbs.  of  oaU  and  Zt  lb*,  of  hay  pa-  day.     TiM 
annual  coat  of  maintaining  a,  farm  horse  Is  estimated  thus : 

30  weeks'  toed  (active  seaw>n)  at  ti-1i t  9t.tO 

21  weeks'  feed  (Inactive  aoasoDj,  clover,  at  fl.lE     27.G0 

Total  teed tim.OD 

Interest,  tZOO  at  B% lO.Oe 

Depreciation,  etc.,  tXOO  at  12M% ZG.O* 

Total  annual  cost fllS.OO 

The  1200  includes  not  only  the  cost  of  the  horse,  tnit  Its  pro  rata, 
of  farm  Implements.     There  was  about  1  horse  tor  every  30  acrea 

It  Is  stated  that  unmanured  land  yields  (In  1S7S)  IS  "bushels  ot 
wheat  per  acre,  but  that  the  application  of  100  lbs.  ot  guano  par 
acre  doubles  the  yield.  In  1873  the  average  yield  In  Bnsland  waa 
37  bushels  ot  wheat  (tl  lbs.  per  bu.)  per  acre^  an  Increase  of  14 
per  cent  over  what  It  had  been  80  years  before.  The  present  yidd 
<1909)  la  about  32  bu.  of  wheat  per  acre  In  Ebi^land. 

In   1ST3   the  foUawIng  were  regarded  as  being  "good  crop^'  per 

1  ton  (2,240  lbs.)  ot  grain  plus  S  tons  straw. 

J  ton  of  beans  plus  IH  tons  straw. 

g  tons  potatoea 

17  tons  beets  or  turnips. 

IG  tons  cabbage. 

Cost  of  Milntilning  Mules'— Mi.  Chas.  B.  Bowen  gives  the  fol- 
lowing data  ae  to  coete  in  1808  In  Alabama. 

A  first  class  mute  costs  (200.  Its  useful  life  la  0  years,  at  the 
end  ot  which  It  will  bring  tEO.  The  average  cost  of  maintenance 
In  T  mines  was  as  follows  per  mule  per  calendar  day : 

Pood $0.10 

Stableman  O.Oi 

Interest  and  depredation 0.10 

Total    »t« 

The  dally  ration  was  as  follows; 

Uaa. 

Hay  12 

Grain W 

Total '  ■  •  1* 

The  n.  S.  amy  ration  Is  14  lbs.  of  hay  and  0  lbs.  ot  grain  for 
a  mule,  and  14  lbs.  of  hay  and  12  lbs.  of  grain  'or  a  horse. 

Da",  to  holidays,  Sundays,  etc.  about  376  days  in  the  year  ara 
worked  In  the  mines,  hence  If  all  the  mulea  worked  the  cost 
would  be  CO  eta.  per  mule  per  day  worked.  However,  about  10% 
are  idle,  due  to  sickness,  etc.,  so  that  the  actual  coat  per  woiklns 
animal  per  day  Is  66  eta.  to  which  must  be  added  4  ctK  for 
shoeing  and  harness,  making  a  total  of  TO  cts.,  not  Includltig  any 
'lowanco  for  Stable  rental 
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Mr.  e.  HoKK  aars  that  a  mulQ  welsUng  1.000  to  1,100  Iba.  eata 
It  Iba.  of  crain  and  IE  Iba  ol  the  best  hay  per  day.  He  feeda 
%  cracked  com  and  H  oau,  and  g^vva  bran  twice  a  week. 

Shipping  Contractori'  Horiea  In  Car*.*— We  understand  that  In 
the  northwest  tlie  rallroada  receive  Iram  14  lo  16  horses  to  be 
ahiived  In  a  atock  car,  charglnt;  the  minimum  shipping  wettctat, 
:S,ODO  Iba.,  or  an  average  per  horse  ol  Z.OOO  lbs.  A  lO.OOO-lbs. 
capacity  car.  SO  ft.  Ions',  would  accommodate  this  number  of  horaes 
Slvlng  them  each  about  I  ft  of  apace. 

In  the  south  the  writer  haa  been  accustomed  to  ship  20  mules 
In  a  car  paying  for  the  actual  weight  of  the  mules.  The  length 
of  the  car  would  vary  from  30  to  33  ft,  thus  glvlns  a  little  over 
1%  ft  of  apace  to  a  mule.  In  a  I8-fL  car  21  or  22  mules  could  be 
shipped. 

In  a  palace  stock  car  tanslhg  In  length  from  E4  to  &T  ft,  the 
writer  has  shipped  30  mules,  thus  Elvlng  a  space  of  about  1.3 
fL  per  mule.  A  (ew  horses  were  Bsnerally  shipped  with  the  muleii, 
but  horses  cannot  be  crowded  aa  much  aa  mules  can,  and  at  times 
a  separate  stall  must  be  built  for  a.  valuable  horse  to  keep  the 
mules  from  crowding  or  injuring  It. 

In  loading  mules  Into  a  car  a  well  broken  horse  la  frequently 
a  great  help,  as  mules  will  follow  horses  as  a  rale,  and  by  leading 
In  the  horse,  several  mules  can  be  taken  Into  the  car  right  behind 
bim. 

Unless  dipped  In  palace  stock  cars,  antmala  must  be  unloaded  on 
a  long  Journey  once  every  24  hours,  so  as  lo  be  ted  and  watered. 
The  help  of  a  horse  In  taking  the  mulea  In  and  out  ol  a  car  Is  of 
great  asBlBIance,  and  saves  much  time.  Railroad  companies  allow 
at  least  one  care-taker  to  accompany  a  shipment  ot  horaea  or 
mules,  and  hs  la  a  busy  man  when  the  time  arrives  for  feeding 
the  atock. 

Hauling  Heavy  Machinery  on  Waaons. — In  hauling  cement  and 
coal  lo  the  Spiers  Folia  Dam  from  Glens  Falls,  N.  T.,  I  found  the 
average  load  was  2  net  tons  per  team  of  horaea  The  loads  ranged 
from  3, GOO  to  4,600  Iba  The  haul  waa  9  miles,  one  way,  and  a 
round  trip  constituted  a  day's  work.  Teamsters  were  paid  by  the 
Ion.  The  road  was  sandy,  but  level,  except  for  about  half  a.  mile 
at  the  end.  Two  teams  were  hitched  onto  a  wagon  to  pult  up 
this  hill  at  the  end. 

Soma  very  heavy  pieces  of  machinery  were  hauled  on  wagons. 
One  piece  of  machinery  weighing  14  tons  was  slung  between  two 
heavy  timber  beams  whose  ends  rested  on  bolsters  on  the  wagona 
Thus  the  piece  of  machinery  was  really  slung  between  two  wagona. 
one  wagon  In  front  and  one  behind.  In  order  to  steer  the  rear 
wagon  a  almple  ateering  gear  was  made,  very  much  like  the  ateerlng 
device  for  controlling  the  rudder  of  a  ship.  It  constated  of  a  pilot 
wheel  mounted  at  the  forward  end  of  the  rear  wagon,  and  & 
drum  from  which  two  ropes  passed  around  pulleys  to  the  stub 
tongue  of  the  wagon.     One  man  could  thua  ateer  the  front  wheels 

'EnaimeTitia-ContractiKg,  Sept.  25,  1907. 
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of  the  rear  wa^on.  With  12  horoM  this  14-ton  load  woa  hauled 
over  the  sandy  road. 

A  heavier  load,  SS  tons,  was  Dot  loKded  on  WBCon^  but  vba 
hauled  on  rollers,  a  tenipor&Ty  Umber  war  being  laid  In  front  of 
the  rollers,  as  In  house  moving.  It  took  IS  teams  >  dars  to  haul 
this  load  the  9  miles. 

Handllno  Teams  With  s  Jerk  Line.*— Mr.  W.  A.  QWelte  Is  antbor 
of  the  tollowtng; 

I  have  been  aspecloll]'  hnpreased  with  the  difference  between 
the  extreme  West  and  East  In  handUnx  teama.  When  1  did  con- 
struction work  In  the  Sast,  I  did  as  Baateners  do,  niuneb'.  sub- 
mitted to  the  dictation  ol  teamsters  In  the  determination  oC  ^Ldi 
driver  to  drive  his  own  team.  Conaequenlly,  when  we  wanted  to 
u«e  three  or  four  teams  on  a  road  grader  or  plow,  three  or  four 
teamsters  walked  along,  not  driving  but  "herding"  the  teams. 
Once  In  a  while  we  could  find  a  man  who  could  drive  four  liiiiiis. 
but  not  often ;  and,  when  he  knew  how.  he  wouldn't  do  It 

Consider  what  It  means  to  a  contractor  to  have  three  evtra 
drivers  on  a  plow,  drawn  by  four  teams  and  two  eitta.  driver* 
on  a  road  grader  drawn  by  three  teama  It  Is  Just  as  ridiculous 
as  having  two  men  loading  wheel  scrapera  Five  extra  men  on  an 
outnt  aa  mentioned  atK>ve  means  tT.EO  a  day,  driver^  w&gea  being 
11.60  a  day. 

In  the  West  wo  use  one  driver  for  one,  two,  three,  four,  Ave  or 
more  teams,  and  these  drivers  will  handle  three,  four  or  more 
teams  with  one  rein  or  Jerk  line  with  aa  much  ease  as  the  ordinary 
driver  handles  one  team.  It  la  a  comparatively  simple  malter  to 
train   then   teams  to  re^ond  to  a  Jerk  line,  and  to  the  shout  ol 

For  the  benefit  of  those  who  do  not  know  how  to  hitch  a  Jerk 
line,  I  will  explain.  It  Is  customary  to  use  a.  strong  braided  dothec 
line.  This  line  reaches  from  the  "nigh"  wheel  animal  to  the  "nlgta" 
lead  animal,  and  is  fastened  to  the  left  hand  Bide  of  the  bit;  from 
this  main  line  a  short  piece  of  the  line  passes  under  the  Jaw  to 
the  right  side  o(  the  bit,  making  a  "T."  F*astened  to  the  hamea  on 
the  right  Bide  of  the  "nigh"  lead  Is  a  "Jockey  stick"  (a  short  piece 
of  wood  or  Iron)  which  reaches  to  a  curb  strap  fastened  to  the  bit 
of  the  "oH"  lead  animal.  A  straight  pull  on  the  Jerk  line  puUs  the 
"Jerk"  line  or  "nigh"  animal  to  the  left,  or  "haw,"  and  the  "Jockey 
stick"  guides  the  "off"  animal.  A  succession  of  Jerka  on  the  line 
causes  the  "nigh"  or  left  lead  animal  Instinctively  to  throw  lu  head 
to  the  right,  to  escape  from  the  Jerking,  and  the  "Jockey  stick" 
guides  the  "off"  animal  to  the  right  also,  or  "gee." 

A  little  patience  will  teach  the  lead  team  to  "gee"  or  "haw"  It 
the  guiding  words  "gee"  or  "haw"  are  shouted  every  time  the 
line  Is  used.  By  fastening  the  following  teams  to  the  double 
treea  of  the  team  ahead,  they  will  soon  team  to  follow  the  team 
ahead  without  being  tied,  and.  as  a  matter  of  fact.  It  Is  not  aa 
handy  In  turning  around  If  each  tecun  la  fastened,  as  It  doea  not 

*Enalna»rlKs-Co»traeanff,  Apr.  14,  1»M. 
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liennlt  them  to  cross  over  and  out  or  the  way  of  the  chain  while 
tumlnX' 

When  a  team  has  been  properly  trained  In  tumlnff  to  the  lisht 
or  "see,"  for  example,  the  teams  toUowlnK  the  lead  teams  will 
step  over  on  the  left  of  the  draft  chain  and  follow  It  around  until 
the  chain  Is  atralKht  for  the  return  trip ;  then  each  animal  will  crasa 
over  to  hlB  place  on  the  rl^t  aide  of  the  chain. 

In  all  of  our  team  work  we  use  but  one  driver,  ne  matter  how 
many  teams  are  hitched  to  the  load.  In  the  hauUilsr  of  gravel, 
sand  or  broken  stone  we  use  two  or  three  wagons  In  a  train.  The 
trail  wagons  have  e.  short  trail  tonKue  just  long  enough  to  permit 
the  wheels  to  clear  about  three  or  tour  (set  The  economy  of  this 
method  of  teaming  is  apparent  when  one  driver  Is  uaed  to  handle 
three  wagons  with  three  teams,  for  the  wages  of  two  teanisters  are 

Cost  of  PIowIfib  Farm  Land  With  «  Steam  Traction  Engine.*— It 
Is  only  within  the  last  ten  years  or  so  that  the  feasibility  of 
plowing  with  traction  engines  has  become  generally  recognlied. 
The  results  obtained  have  been  very  satlafHclory,  and  when  It  Is 
remembered  that  one  man  with  a  plowing  outfit  can  do  much  more 
work  than  six  or  eight  with  horses,  the  advantages  of  thla  method 
on  the  large  farms  of  the  West  are  obvious.  Soma  data  on  the  cost 
of  steam  plowing  taken  from  letters  written  to  the  manufacturers 
by  users  of  the  traction  engine  are  given  below. 

The  Orst  piece  of  work  tor  which  data  are  given  was  done  In 
Missouri  last  year,  a  20  hp.  Sumley  Stanaard  traction  engine 
and  an  S-gang  ll-ln.  Hollne  steam  plow  being  used.  An  averags 
of  IS  acres  per  day  waa  plowed,  the  cost  of  operating  per  day 
being  as  follows : 

Total.      Per  acre. 


K:tt 

•■'  5 

The  next  piece  of  work  was  done  In  North  Dakota,  a  10  hp. 
Burnley  engine  and  Bmeraon  18-ln.  plow  being  used.  The  coat  was 
as  fallows: 

Coal,  at  t«  per  ton,  90  Iba  per  acre tO.27 

CrllndGr  oil,  at  40  eta  per  gallon O.Ol^ 

Machine  oil,  at  tO  cla  per  gallon O.OI 

Fireman,  (2. GO  per  day O.OSU 

Water,  team  and  man  tor  hauling,  14  per  day..   0.10 

Sharpening  lays 0.01 

Gear  grease,  4  cts.  per  lb. 0.00<4 

Total    10,47 

It  will  be  noted  that  there  Is  no  allowance  made  for  engineer  In 
the    above,    the    owner    of    the    outfit    probably    acting   a«    •ucb. 

'ExginteHtig'Coiitrtuiliiig,  lune  It,  1009. 
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ChBrglnK  this  Item  up  Kt  14.00  per  day  would  briag  the  cost  per 
acre  Co  ST  eta.  The  (Ireman  also  probably  acted  as  plowman.  The 
Outnt  traveled  Z>ii  tnlloB  per  hour,  cuttUiK  lEU  ft.  wide,  tbus 
averaging  (our  acres  per  hour,  allowing  (or  atopa. 

Tbe  laat  piece  o(  work  waa  also  done  in  North  Dakota,  a.  30  tap. 
Rumtey  plowing  engine  being  used.  Tbe  ground  was  Mony  and 
hill/  and  a  disc  plow  with  14  discs  and  cutting  11  (t.  wide  wa« 
used  (OT  breaking  the  Bmund.  An  averaee  0(  16  acres  o(  gmiitid 
was  broken  per  13-hour  day,  the  cost  being  aa  (ollowa: 

TotaL     PeracrSL 

Coal,  Z,3D0  lbs.,  at  (7.60  per  ton f  8.05  tO.EO 

Water,  team  and  man  for  hauling 4. SO  O.ZS 

Engineer 3.00  0.11 

Plowman  (who  also  fired) 1.00  0,11 

Oil  and  IncIdentalB 1.00  O.OS 

Total    (18.66         |1.0T 

Later  on  this  ground  waa  put  In  shape  (or  the  drill  at  a  seat  of 
about  GO  to  60  cts.  per  acre.  To  do  this  the  traction  eagli»  wma 
used  to  three  sections  of  31  discs  cutting  18  (t  wlda  with  a  lacsv 
drag  and  float  behind. 

None  of  the  above  coats  Include  Interest,  repairs  and  depreciation. 

Coat  of  Traction  Engine  Haulaae  of  Ore.* — The  hauling  of  crude 
□re  from  Ita  mlnea  In  Lemhi  County.  Idaho,  to  Duboia,  on  tbe  Oregon 
Short  Line  Ry.,  a  distance  of  SE  miles,  la  being  done  with  traction 
engine  trains  by  the  Qllmore  Lead  Mining  Co.,  Ltd..  and  tbe  follow- 
ing statement  of  tbe  method  and  cost  at  operating  these  tralna  has 
been  fumlsbed  by  Mr.  Robert  N.  Bell.  State  Inspector  of  Iflnea. 
Boise,  Idaho,  Formerly,  It  may  be  noted,  the  hauling  waa  done 
by  teaina  at  a  cost  of  from  110  to  |12  per  ton. 

The  train  conslats  of  (our  wagons  or  can  of  steel  and  of  16  tons 
capacity  each  and  a  110  hp.  traction  engine,  Th^  roule  la  over  a 
flat  plain  of  fine  grnvelly  soil  and  small  sage  brush,  crossed  by  a 
number  of  creeks  and  Irrfgating  dllehea  which  are  brldgeiL  The 
road  never  gets  very  muddy  and  dries  out  rapidly  as  soon  as  Iha 
anow  goea  There  Is  one  hill  of  about  10  per  cent  grade  and  three- 
quartcra  of  a  mile  long  approaching  the  mine ;  the  engine  bandies 
one  loaded  or  four  empty  cars  on  this  hill.  It  also  seta  the  cars 
one  at  a  time  at  the  loading  bin  on  a  IB  per  cent  grade.  The 
coal  used  In  making  the  trip  amounts  to  alKiut  4  tons  per  24  hour^ 
and  Is  distributed  In  bins  at  Intervals  along  the  route.  Water  Is 
available  nlicut  every  IS  miles,  (or  which  distance  the  tank 
capacity  of  the  front  car  Is  sufOdent 

The  following  costs  of  haulage  are  based  on  the  records  of  the 
first  trips  made  with  the  road  practically  In  Its  virgin  oondltloo, 
A  round  trip  took  four  days,  working  two  12-hour  shifts  per  day 
and  traveling  24  hours  per  day,  with  a  total  load  of  40  tons. 

'Enfftneerinii-ContTaiitiitg,  May  SB,  190T. 
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PerBhl 

I  en^neer  at  tS |  S.OO 

1  tlreman  at  (4 4,00  aa.uu  .su 

1  swamper  at  fS.GO 3.S0  28.00  .TO 

Total  labor 113.50         llOS.OO  12.70 

Coal    3.00  IZ.OO  0.30 

Ql«Dd  total tlS.EO         1120.00         tS^OO 

Com  Of  Handling  and  Screonlng  CIndara. — Cinders  are  often  used 
In  concrete  and  for  other  purpOBea.  The  toUowlnr  data  are  given 
by  Mr.   Brneat  HcCullouKb: 

The  coat  of  unloading  end  acreening  K>n-coal  locomotive  cinders 
(or  a  filter  bed  wae  as  follows :  The  filter  bed  conalatad  of  a  lower 
layer  of  cinders  37  ins.  thick  and  an  upper  layer  9  Ins.  thick. 
The  lower  layer  comprised  all  cinders  that  would  pass  a  acreen 
o(  1-tn.  mesh,  but  that  would  not  pass  a  %-ln.  mesh.  The  upper 
9-ln.  layer  would  paaa  a  K-ln,  mesh,  but  not  a  ^-In.  me^ 
Unscreened  clnderH  were  shipped  In  gondola  cars  holding  about 
tZ  cu.  yds.  each,  and  were  unloaded  near  the  filter  bed,  screened 
and  conveyed  In  wheelbarrows  to  place.  The  freight  on  oar  load 
was  about  t36.  In  one  shipment  o(  IS  cars  there  were  2  cars  of 
aahea  so  fine  as  to  be  rejected  without  scTeenlng.  The  othera 
gave  the  following  proportions: 

Per  cent. 
Cllnkera  not  peESIng  I 


Cinders  passing  I-in,.  but  not  paasInK  %-ln.  mesh. , 
Cinders  passing  %-ln„  but  not  passing  %-ln.  mesh. . 
Fine  duat,  under  H-ln 


Total  100 

tt  waa  found  that  cinders  In  a  pile  exposed  for  two  weeks  to  tbe 
rain  and  weather  were  so  disintegrated  that  33%  would  paaa  a  'it-ln. 

One  man.  using  a  coal  scoop,  would  unload  12  cu.  yda  from  a 
car  In  10  hra,  and  as  thla  yielded  about  2*  cu.  yda.  of  coaraa 
screened  cinders,  the  cost  of  unloading  was  8  eta  per  cu.  yd.,  wages 
being  tl.GD  a  day.  Another  man,  using  a  scoop,  would  shovel  the 
cinders  upon  the  first  <l-ln.)  acreen  at  the  same  rate.  But  It  took 
two  men,  using  ordinary  square  pointed  shovels,  to  screen  through 
the  %-ia.  acreena  and  these  men  acreeued  the  material  twice, 
because  It  would  not  pass  through  these  screens  rapidly,  nor  at 
the  first  screening.  A  fair  estimate  of  the  cost  of  unloading  and 
screening  the  coarse  (1-ln.  to  S-ln.)  clnder»  is  as  follows,  tlio 
cinders  being  measured  In  place  in  the  filter  bed : 

Unloading   cars fO.DS 

Coarse   (1-ln.)   screening 0.00 

Fine  (%-ln.)  screening  twice O.S) 

Wheeling  and  spreading  In  bed O.Og 

Total    (0.44 

The  freight  waa  about  fl.EO  per  cti.  yd.  of  screened  clndera, 
and  the  coat  of  loading  the  cars  about  16  eta  more,  making  a  grand 
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total  of   t!.10  per  cu.   yd.  of  coarM   Kreaied  dndera  In  place  bn 
niter  DedB. 

Since  all  tbe  cost  of  loading,  unloading  and  freight  haa  b«en 
charged  to  the  coarae  cinders,  the  cost  ot  the  line  cinders  ( %  to 
H-ln.)  was  ineretT  the  coat  of  scrMmlns  than  twtoe  thmuxti  a 
K-ln.  screen,  or  24  eta.  per  cu.  yd.  plus  S  cCs.  for  wbeellnc  and 
spreading.  When  tbaae  One  dndera  were  perfectly  dry.  once  oivcr 
the  H-ln.  screen  waa  enough ;  but.  If  very  wet  and  Utrgelr  dost, 
screening  three  times  over  the  %-ln,  screen  whh  neceaaary. 

Since  the  proportion  ot  fine  screenings  (1i  to  H-ln.)  waa  ao  amalL 
it  waa  necessary  to  buy  a  number  of  car  loads  of  acreenlngs  and 
waste  all  the  material  over  %-la.  size  The  freight,  when  rrbargtd 
Bgainat  the  One  screenings,  waa  about  tl2  per  cu.  yd.  due  to  tbe 
fact  that  not  more  than  3  cu.  yds.  ot  fine  screenings  could  be 
obtained  from  a  car  load.  An  attempt  was  made  to  grind  up  some 
of  tbe  coarse  screenings  using-  a  tanner's  feed  mill  operated  by 
horsepower.  Tbe  mill  would  grind  at  tbe  rate  ot  T^  cu.  yds;  of 
cinders  In  10  bra,  but  so  many  Iron  bolts  and  nuts  were  In  tbe 
cinders  that  the  mill  was  continually  forced  to  stop,  and  finally  had 
to  be  abandoned. 

The  specific  gravity  of  soft  coal  cinders  Is  l.E,  and  the  voids  arv 
trequently  as  high  as  A0%,  in  which  case  1  cu.  tt.  of  cinders  weighs 
STA  lbs. 

BKs,  Weight  and  Price  ot  Expanded  Metal^-The  following  are 
standard  sitea  ot  expanded  metal ; 

Gaee  ot  Width  of         SectionHl  area  l^a.  per 

Uesb.  HeuL  MetaL        per  ft  of  width,     sq.  ft. 

S-ln.  No.  10  B/32  In.  0.18B  an.  In. 

S-in.  No.  10  lE/M  In.  O.ZTS  an.  in. 

3-ln.  No.  le  S/lSln.  O.STOsa.  In. 

e-ln.  No.  4  1/4    In.  O.IGO  bq.  Id. 

6-1n.  No,  1  yS    In.  0.389  sq.  In. 

The  3-ln.  mesh  is  sold  In  S  x  8-f t  sheets :  the  C~ln.  i 
G  X  8-tt.  sheets :  and  in  both  cases,  i  sheets  per  bundle.  These  are 
the  common  sizes,  but  expanded  metal  of  the  foliowinK  meshes  Is 
also  made;  W-'n-.  *t-ln-.  I14-ln-.  and  8-in.  The  mesh  Is  measured 
the  short  way  across  the  diamond- 
Expanded  metal  is  said  by  the  square  foot,  but  at  prices  equlralent 
to  about  E  to  6  eta.  per  lb.,  depending  upon  the  locality  and  the 
alie  of  mesh.  For  expanded  metal  lath  see  Index  under  'Xath. 
Metal." 

Price  of  Mineral  Wool.— Hlneral  wool  Is  ordinarllr  made  by  ponr- 
ing  molten  slag  Into  water,  tt  Is  largely  used  as  a  flIllDg  in  hollow 
walls,  because  of  its  heat  insulating  property.  I  have  also  used 
it  as  a  packing  around  water  pipes  that  were  exposed  to  tbe  air. 
In  carrying  a  pipe  line  across  a  bridge,  tor  example,  the  pipe  may 
be  laid  in  a  box  and  surrounded  with  mineral  wooL  A  stenni  pips 
may  be  jacketed  In  the  same  way. 

Ordinary  mineral  wool  weighs  about  II  lbs.  per  cu.  ft  and  mar 
be  bought  tor  about  1  et  per  lb. 

Coat  of  Sodding. — Mr.  Arthur  Hay  gives  tbe  coat  of  sodding  a 
park  In  Illinois.    The  best  aod  shovel  Is  a  "mouldtf's  Aovel,'*  with 
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a  flat  blade  10  Ins.  wide  and  12  ini.  long.  The  edge  should  b« 
drawD  down  thta  on  an  anvil  and  glianwned  on  a.  Krlndstone.  Tb« 
sod  Is  cut  through  In  pamllel  llnei  14  Inn.  apart,  with  the  shovel 
held  at  an  angle  so  aa  to  give  bevel  edgea  to  the  roll  of  and.  The 
sod  atrip  Is  cut  off  square  at  the  ends  so  aa  to  make  a  etrlc  about  S 
ft.  long  (a  square  yard),  and  rolled  up.  One  hundred  of  these 
rolls  make  a  good  wagon  load,  SO  helng  about  the  usual  load. 
Sod  should  be  cut  as  thin  aa  possible,  aa;  lU  to  S  Ina  thick. 
Sod  cut  thicker,  with  the  Idea  of  aavlng  all  the  rooU^  never  unites 
With  the  bank  when  laid  on  an  earth  alope.  When  the  rolls  are 
laid.  One  eartb  should  be  silted  Into  any  cracks  between  the  rolls. 
The  sod  should  be  thoroughly  aoaked  with  water  after  It  Is  laid, 
and  tamped  to  expel  air  undenteath.  A  good  tamper,  or  spatter, 
consists  of  a  piece  of  2-in.  oak  plank  10  Ins.  wide  by  18  Ins.  long, 
strengthened  by  cleata  acroae  the  ends  and  with  a  tough  wood 
handle  2  Ina  in  diameter  and  4  ft.  long.  One  end  of  this  handle 
Is  beveled  oft  and  hotted  to  the  plank  so  that  when  the  plank  lies 
flat    on   the    ground   the  end   of  the   handle   Is  waist  high. 

The  following  was  the  average  cost  of  laying  20,000  sq.  yda  of 
sod  by  day  labor  lor  the  city  o(  Springfield,  111. : 

J  Cts.  per  sq.  yd. 

Cutting  sod 1.6 

Hauling  sod 0.9 

Laying  sod 2,6 

Watering  sod 0.6 

Spatllng  sod D.l 

Total    E,8 

Hen  were  paid  (l.BO  per  8-lir.  day.  and  the  sod  cutters  had  a 

theory,    very    difficult    to   craitend   with,    that   71    sq.    yds.    should 

constitute  a  day's  work.     Average  contract  prices  In  the  vicinity 

were  10  eta.  per  sq.  yd.  of  sod  In  place. 

Seeding  can  be  done  for  about  t^O  an  acre,  the  coat  o(  SO  Iba 

of  seed  being   flO,   and  the  cost  of  tabor  being  about   $10  more. 

Olt  slopes  gentle  enough  to  hold  the   seed   without  washing,   seed 

IB  preferable  to  sod  on  account  of  Its  cheapness.     An  acre  of  sod, 

at  ■  eta  per  sq.  yd.,  would  coat  about  1300. 
A  Device  for  Cutting  Soli  far  BoddlnQ.*— Mr.  A.  N.  Tolman  gives 

Fig.  8  BhoWH  a  sod  cutter  used  at  Sionx  Fall^  S.  Dak.  The 
construction  Is  clearly  shown  by  the  lllustratkni.  but  It  may  be 
well  to  add  that  the  knife  la  curved  (In  plan)  and  pitches  downward 
about  %  In,  In  lis  width  of  2M  Ina  It  can  bo  adjusted  so  that  the 
sod  can  be  cut  In  different  thickness  aa  required.  I  have  not  seen 
the  cutter  In  use  Init  two  men  and  a  boy  with  a  team  cut  enouih 
sod  to  load  a  slat  wagon  dU  cu.  yds.)  and  rolled  tbe  sod  and 
loaded  the  wagon  In  a  trifle  over  an  hour.  This  was  so  much  faster 
than  I  had  anticipated  that  I  arrived  on  the  scene  only  In  time  to 
find  that  the  loaded  wagon  was  more  than  tbe  team  could  baul  on 

*EHgineeThia-ContraaHna,  Aug.  11,  1009. 
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the  muddy  road.  As  the  cutter  la  eoally  and  cheaply  made,  ud 
evidently  a  great  Improvement  oo  the  spade,  It  may  be  of  tntetM 
to  your  readers. 

Painting  Data'— A  gaSoa  of  Iron  oxide  paint  will  cover  400  aq.  ft. 
of  wood  surface,  or  GOO  sg.  ft.  of  Iron  surface,  first  coat-  It  T«iialni 
about  two-thirds  as  much  paint  for  the  second  coat  as  far  the  Orst: 
and  hair  as  much  paint  for  the  third  coat  as  (or  tbe  first.  Further 
data  win  be  found  on  page  EGg. 

A  tnan,  working  9  hrs.  can  paint  (one  coat)  1,000  aq.  fl-  of 
tin  roof,  or  1.000  aq.  fL  of  frame  bouae.  or  SOO  sq.  ft.  of  tiriigt 
truSHSS.     The  shifting  of  scaffolds  on  house  work  accountH  for  tlM 


Fig.  S— Sod  Cutter. 

decreased   time :   and   the   smaller   area  of  the  eurfaopa  of  brtdge 
trusses  makes  the  work  slower  In  bridge  painting. 

Consult  the  Indei  under  "Tainting." 

Cost  of  Painting  a  Tin  Hoof.— Mr.  J.  U.  Braxton  gives  the  tol- 

An  old  tin  roof  waa  showing  nist  spots,  most  of  the  paint  beinf 
worn  otr.  The  tin  was  first  rubbed  with  palmetto  bruahes  and 
then  swept  clean.  The  area,  painted  waa  161,000  aq.  i 
B6S  gala  of  paint  for  two  coats,  or  tS7  aq.  ft.  per  gallon  f 
two  coala     The  paint  was: 

39 e  gallons  raw  Unseed  oil. 

SG  Iba  dryer. 

2,120  iba  dry  oxide  of  Iron. 
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Thla  mixture  yleldea  G6t  bbIb.  of  paint  Each  man  averaged 
1.920  sq,  tt.,  or  2ZD  aq.  yds.  per  day  ol  9  hra.  painted  with  one 
coat.     It  took  IBS  nan-days  to  point  the  roof,  not  Including  fore- 

Unloadlng  Coal  From  Car*  With  ■  Clamahall.*— Broken  stone, 
■and  and  Kravel  can  be  unloaded  from  cara  very  cheaply  with  a 
olamahell  bucket,  wherever  the  amount  to  be  handled  warrants  the 
u«e  of  such  a  plant  The  lollowlng-  data,  on  unloading  coal  may  also 
be  applied  to  handllns  other  materiaJa. 

At  the  Navy  Yard  at  Waahlngton.  D.  C„  a  locomoUve  crane, 
fitted  with  a  SO-ft.  boom  and  a  l^-cu.  yd.  Hayward  clamahell 
bucket  has  been  In  use  for  unloadinK  coal  from  cara.  A  description 
ol  the  crane  Is  as  follows:  Track  gage,  4  ft  S'i  In.;  wheel 
base,  S  ft;  greatest  width.  9  ft  10  In.;  maximum  workLnf;  radius, 
30  ft.;  holstlnK  apeed  per  minute.  2ED  ft.;  rotatlnfc  speed,  three 
rovolutlons  per  minute;  traveling  speed,  3G0  ft  per  minute; 
capacity,  one  trip  per  minute.  The  machine  will  lift  20,000  lbs. 
at  a.  IS-ft  radius,  and  T.EDO  Iba  at  a  30-(t  radius.  The  engine 
la  a  9  z  IZ-In,,  double  cylinder,  double  drum  engine,  fitted  with 
the  neceasary  clutches  and  brakes  lor  conlrolling  the  swinging  and 
propetllng  movements  of  the  machine.  The  crane  was  manufactured 
by  the  McMyler  Mfg.  Co.,  of  Cleveland,  O. 

According  to  data  furnished  by  Mr.  F.  K  Beatty,  commandant  of 
the  Washington  Navy  Tard,  the  machine  will  unload  approximately 
400  tons  of  coal  In  eight  houra  The  crane  used  In  loading  coal 
cars  from  the  coal  bin  will  dip  and  load  4S  tons  In  20  minutea 
In  unloading  a  car,  the  bucket  easily  takes  out  three-fourths  of  the 
contents  of  the  car.  The  remainder  of  the  coal  Is  taken  Into  the 
boiler  house  by  opening  bottom  run  to  Imnkers  with  a  chute,  and 
thus  requires  no  rehandllng.  In  unloading  the  coal,  one  car  la 
ahead  ol  the  crane,  and  the  other  t>ehlnd.  on  the  same  track.  The 
bucket  takes  a  load,  and,  without  stopping  the  swing  of  the  boom, 
the  coal  la  dropped  i  then  the  second  car  Is  reached,  and  the  bucket 
filled.  Commander  Beatty  consldere  that  this  makes  not  only  less 
work  for  the  man  handling  the  levers,  but  also  Increases  the  output 

A  clamshell  bucket  Is  also  used  at  the  Polk  street  plant  Chicago, 
of  Iho  WcBlem  Electric  Co.,  In  handling  coal  from  cars  to  storage 
bin.  In  this  case,  however,  the  bucket  Is  operated  by  an  electric 
orerhead  traveling  crane.  This  machine  was  built  by  the  Whiting 
Foundry  A  Equipment  Co..  of  Harvey,  ill.,  (or  the  Western  Electric 
Co.  It  Is  of  the  three-motor  type,  and  has  a  working  load  capacity 
of  10,000  Iba  The  span,  center  and  center  of  runway  rails  Is 
TS  ft  10  In.  The  lift  (maximum  vertical  travel  of  hook)  of  the 
main  hoist  la  37  tt  The  average  travel  la  50  ft  A  2-cu.  yd. 
Heyward  clamahell  bucket  Is  uaed. 

Mr.  Q.  A.  Pennod.  factory  englner  for  the  Qsneral  Sllectrlc  Co.. 
states  that  a  40-ton  car  can  be  unloaded  In  l>ii  to  S  hrs.,  depending 
on  the  travel  of  the  crane.     From  B  to  0  cars  a  day,  allowing  for 

•BnginteHnff'ConlraeHng,  May  23,  1908. 
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■wltchluK  «te..  can  be  unloaded  Id  a  day.  It  takes  two  men  to 
UDload  a.  car ;  one  man  to  operate  the  crane,  and  one  man  to  dxtrel 
wbat  coal  TemalDH  In  the  comer*  a(  the  car  which  the  bucket,  on 
-account  o(  Its  bulky  nature,  cannot  Pick  up. 

Tbla  loM  operation  takes  about  as  much  time  as  anloadlng-  wltb 
the  bucket  alone^  that  la.  the  bulk  of  the  coal  In  a  40-ton  car  *— " 
be  unloftded  In  about  IE  mlnuteo,  and  It  takea  the  ^une  lai^th 
of  time  for  one  man  to  Bbovel  out  what  remalna  The  thne  of  this 
lait  operation  can,  ot  courMv  be  reduced  by  putting  on  more  men. 

If  we  asanme  that  a  man  thorele  coal  at  the  rate  of  t  tons  pa- 
hour.  It  la  evident  that  the  clamHhetl  bucket  removes  all  the  coal 
In  a  ear  except  about  a  tons  which  must  be  shoveled  out  by  hiuid. 

It  la  apparent  from  the  two  foregolns-  examples  that  a  contractar 
need  not  be  afraid  that  a  clamshell  bucket  will  not  clean  up  a, 
carload  of  broken  stone  Buffldently  well  for  practical  purposes. 

For  data  on  handling  stone  with  damshella,  consult  the  Index 
under  "ClarashelL" 

Coit  of  ■  Z8-Mlle  Telegraph  Line.* — The  data  to  be  given  relate 
to  a  telegraph  line  ZH  miles  long,  built  In  British  Columbia.  There 
were  Si  poles  to  the  mile,  stmnfc  with  a.  alosle  No.  8  B.  B.  BalvaaUed 
Iron  wire.  The  cost  of  the  poles  was  very  much  less  than  It  would 
be  In  most  localltlee.  but,  since  quotations  on  poles  are  readily 
secured,  proper  suhslltutlons  can  be  made  In  the  followtns  tabu- 
lated values  Cor  any  particular  cas& 

Regarding  telesraph  wire,  a  word  of  explanation  may  be  hd|rfuL 
Until  locently  the  ilie  of  wire  commonly  used  for  lines  of  medium 
length,  up  to  400  miles,  was  No.  S,  weighing  SOB  lbs.  per  mlkk 
but  No.  S  Is  now  used  more  frequently.  There  are  two  grades  oont- 
monly  used:  The  EL  B.  B.,  or  "extra  best  best."  and  the  &  B;.  or 
"beK  best."  A  third  grade.  B,  or  "steeL"  Is  also  used  for  ^tait 
circuits.    The  following  are  the  wetgfats  of  galranl^ad  wire : 


The  Itemized  cost  of  this  SB-mfle  line  was  as  follows; 

Labor:  Per  mtlfc 

1.0  day,  foreman   at  18.60 %  J.E» 

1.0  day,  sub-foreman   at    fS.OO S.tD 

I.T  daya  climber  at   S2.ED (.76 

2.E  daya  framer   at    tl.2E G.«l 

0.7  day,  blacksmith  at  %2.36 l.U 

4.6  days,  groundman   at   (2.00 t.tO 

12.5  days  total  at  12.40 .|M.aG 

*BnirlneeHttg-ContTaeNng,  July  10,  1907. 
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■tpolea  iiB-n.)  at  fliG (40.00 

)2  wootleo  bracket*  at  1 14  cts. 0.40 

tz  clais  Inmilatora  at  0.4  eta. l.SS 

6  lbs.  nails  at  t%  cts. 0.13 

at  0.1  c 


Ui  lb.  atapl^^ 


IbK  Nc.  8  BB  galv.  wir«  at  E  CU. 19.00 

a  Iba.  tie  wire  at  S  eta. O.DO 

Total  niatertals 100,88 

Total  labor  and  mateiiala BO.tS 

The  labor  Includes  the  cost  ot  dlgglnc  holes,  erecting  poles,  aMxig- 
iag  the  wtrct  etc  The  poles  were  distributed  by  train,  and  the 
price  of  tl.SE  per  pole  does  not  Include  the  train  service. 

A  pole  li  ins.  diameter  at  the  Initt  and  T  Ins.  at  tbe  top,  contains 
H  cu.  n.  oC  wood  per  lin.  tt.  Henc«  tliere  are  about  ISH  cu.  ft. 
ot  timber  In  a  2E-ft,  pole.  Knowing  tlie  Icind  of  timber,  it  Is  eoMy 
to  eatlmate  the  weight  of  poles,  and  conseauentlr  the  freight  for  anr 
giv«n  haul.  If  the  tlmtwr  weighs  40  Iba  per  cu.  tt.  tiie  weight  of  a 
pole  1«  about  600  lbs.  With  SZ  poles  per  mile,  the  wel^t  Is  8  tons 
for  the  poles.     See  page  96Z  for  weights  of  poles. 

Cost  of  ■  Telephone  Line. — In  EHgineerttig-ContracHna,  May  ZT, 
1908,  an  article  by  Hr.  L.  E.  HurCz  gives  In  detail  the  methods  ot 
tnitldlsg  on  all-cable  telephone  plant  In  a  suburb  of  a  city,  the  popu- 
iBtiOD  Ot  the  suburb  being  3,000.  The  following  la  the  summary  of 
nnit  costs: 

Coat  each. 

Poles,  unloaded,  SOS tO.OT 

Poles  Slaved  (average,  SO  ft.  long) 0.S2 

Poles  rooted  (and  a  very  tew  galna  cut) O.OT^ 

Poles  hauled  (average.  SO  tt,  long) 0.25 

Poles  set  (average,  SO  ft.  long) O.SS 


P^es  set  (average.  40  ft.  long) 

Poles  bored  for  steps O.IS 

Folea  stepped O.ZD 

Pole  boles  dug.  average,  SO  ft.,  pole  holes  B>ii  ft. 

deep    0.47(4 

Anchors,  boles  dug,  99 0.45 

Anchors  set,  89 O.EB 

X-anns  fitted 0.07 

X-arms  distributed 0.D9 


bored  f< 
stepped 
toies  dui 

irs,'  boiei 

IS  fitted 
IS  diatrl 

^^nglng  and  pulling  messenger,  per  ft. O.OOU 

Cable  pulled,  average  26  pr.,  per  ft 0.00% 

GabiB  clipped  (hangers  put  on),  per  hanger 0,00^ 

ataklDg  out  line,  per  pole 0.10 

Poles  pulled  and  holes  Ulled,  per  pole O.SG 

Cable  unloaded,  average,  ZG  pr.  per  ft. 0.00  1/6 

Drops  strung,  per  drop 1.04 

Bare  wire  strung,  per  single  wire  per  mile 2.7E 

Average  total  cost  of  labor  and  material  for  splicing  lead  c< 
ered,  paper  Insulated  telephone  cable: 

IS  pr.    cable t  2.t( 

to  pr.  cable Z.9S 

76  pr.   cable 4.40 

100  pr.  cable B.78 

lEO  pr.  cable S.ll 

200   pr.  cable 8.S7 

250  pr.   cable .- 10.00 

,   SOO  pr.  cable 10.00 
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CMt  Of  Two  Ttlopliona  Lines.* — Two  short  Unea  were  butlt.  o 
10  miles  long  and  the  other  14  miles  Ions.  Tho  coat  ol  the  lO-m 
lloe  was  as  follows  per  mile : 

Labor:  Per  mile. 

l.T  days  foreman  at  14.00 %     (.SO 

l.T  days  sub-foreoian  at   13.00 6.10 

4.0  days  climbers  at  t2.E0 10,00 

lO.S  days  groundmen  at  t^.lB Z3.<t 

17.9  days  total  at   13.10 3  ES.6S 

Materlala: 

28  poles  at    fl.EO t  <3-00 

28  cross  arms  at  3D.1G *.« 

ZH  steel  ulna  at  $0.04.. 


flilatora  at  t0.04 1.13 

„ ITS  and  washers  at  tO.OlE 0.S4 

S  lbs.  No.  »  golv.  wire  at  30.043 12.81 


B  glass  Insu 
S  lag  screwi 


Total  labor  and  materials 117.03 

More  than   90%   of  the  poles  were  ii  ft.   long.     The  rest  « 
30  to  40  ft  In  length. 
The  cost  of  the  14-nille  Una  waa  as  follows  per  mile: 

Lahtyr:  Per  mile. 

3.2  days  foreman  at  13.50 (    7.70 

2.2  days  sub-foreman  at  13.00 B.«0 

6.3  days  climber    at    33.76. 14.68 

11.4  days  groundman  at  tZ.26 t$.t4 

21.6  days  total  at  33.64 t  B4.B1 

Materlols.' 

32  poles  at  ll.BO %  48.00 

S2  BracHeta  at   30.01S 0.48 

S80  Iba  No.  S  galv.  wire.  |0.O42 1B.9I 

-  ■   1.  30.042 0.43 


■Ji 


iba.  'fence  staples,   "(0.026 -.-^ 

Insulators,    30.04 1.38 

Total  materials T  !!■!! 

Total  labor  and  materials 130.70 

2  telephones  at  312.60 SB.M 

ZOO  ft.  office  wire 1.40 

Considering  the  low  coat  of  telephone  lines  of  this  character,  II  Is 
mirprlaing  that  tliey  are  not  more  frequently  built  (or  use  on  cou- 
Btructlon  work.  For  temporary  purposes,  a  much  cheaper  kind  of 
poles  could  be  used.  For  example,  a.  very  substantial  pole  conld  IM 
made  by  nailing  together  two  1  x  4-in.  boards,  so  as  to  form  a  po« 
having  a  T-shape  cross-section.    Such  a  pole  would  contain  onlr  tv»- 

•EHginecTing-Contraeting.  July  34,   1307. 
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thirds  of  a  foot,  board  measure  (H  ft  B.  H.)  per  lineal  Coot  of  pole 

At  124  per  M  tor  the  boarda,  s  pole  20  fC.  long  would  cost  32  ots. 

Hence  the  poles  would  cost  less  than  (10  per  mile  of  line.  The 
No.  9  wire  would  ordinarily  cost  less  than  (13  per  mile,  and  (3  more 
-would  cover  the  coat  of  the  remaining  line  matorlalfl.  making  a  total 
cost  of  »26  per  mile  for  materials.  We  have  no  data  as  to  the 
labor  of  erecting  such  a  line,  but  It  would  certainly  be  less  than  |1B 
per  mile;  and  in  soil  whore  post  hole  diggers  could  be  used  the 
cost  would  be  considerably  less.  In  fact,  a  telephone  Una  built  for 
$3E  a  mile  might  easily  be  obtained  under  fairly  favorable  condl- 
tlona  Uoreover  It  could  be  taken  down  and  used  many  times  on 
subsequent  construction.  Such  a  light  pole  line,  however,  would  not 
stand  up  In  severe  winter  weather. 

Life  of  Telephone  Line  Equipment.*— 3ome  time  ago  the  city  of 
Chlcaeo  appointed  a  special  commission,  consletlng  of  Prof.  Dugald 
C.  Jackson,  Dr.  George  W.  Wilder  and  William  H.  Crumb,  to  In- 
vestigate matters  pertaining  to  the  telephone  situation  In  that  city. 
In  connection  with  Its  report  the  commission  gave  the  following 
data  as  to  the  lite  and  depreciation  of  telephone  equipment : 


Property; 


3     f°     i  I" 


Underground  conduit,  main,  claf  in  concrete..  60 

Underground  conduit,  main    flbre.  etc 20 

Underground  conduit,   subsidiary zo 

Underground  cable,  main SO 

Underground  cable,   subsidiary IE 

Aerial   cable 15 

Poles.  Including  crossarms;  etc 10 

Aerial  strand 12 

Aerial  cable,  terminals II 

Aerial  wire,   copper IG 

Drop  wires,  copper g 

Bubacrlbera'  station  Instruments 10 

Private  branch  exchange  switchboards S 

Central   ofllce    switchboards 8 

Buildings,  fireproof 10 

Teams,  tools,  furniture,  etc 4 


IS 


1% 


Vltrmed  Conduit  Data. — Vltrined  conduits  tor  carrying  electric 
wires  underground  are  made  in  single  or  multiple  ducts.  A  single 
duct  1b  a  pipe  18  Ina  long  with  a  round  or  square  bore  ranging 
from  3>4  to  4  Ins.  diameter.  Multiple  ducts  are  made  with  two  or 
more  ducts  in  one  piece.  The  common  multiples  are  2.  3,  1.  6  or  0 
ducts  In  one  piece.  The  lengths  of  the  pieces  are  24  or  36  Ins.  Ducts 
are  sold  by  the  duct-toot,  and  the  present  price  In  New  Tork  City 

•Bnpiaeerlnp-Coniraclliip,  Feb.  12.  1S08. 


1830  HANDBOOK  OF  COST  DATA.  £ 

!■  about  S^  ct*.  per  duct-foot     A  e-duct  mtdtlple  haa  B    duc«-l   ■ 
p«r  Iln.  It.,  and  lt>  iirlce  la  tlierefore  C  X  I^,  or  21  eta.  per   llim.    tr. 
tho  (-duct  piece.    The  welsbt  variea  aomewliat  with  different    xza&i 
facturera,  but  8  Ibat  per  duct  foot  may  be  uaed  for  estimating   CreLij  ' 
and  hauIoKo. 

.   I  wn  Informed  by  one  of  tho  Iotkb  maourscturera  that  th^    »— <li:i 
multiple  la  not  so  popular  «■  It  once  wa^  due  to  lou  by  break:a^r«>. 

The  outside  diroensiona  of  vitrified  condulta  are  about  aa  IolI<rw^  : 
Number  of  ducta  in  (he  piece .. .     t         S         3  4  (  g 

Dimensions  of  the  piece,  Ina....   SxG     GzV     Gxll     9xi     9zlS        IS^c] 

These  ducts  are  all  square  bore,   S)4   Ina.,  square  with  n>un<le 

Cost  of  Laying  ElMtrlc  Conduits.— My  own  cost  records  tor     *t*t, 
class  of  work  cover  only  two  slaea  of  vltrined  pipe  conduits  rn  rn  iwn 
In  concrete.     One  of  these  conduits  was  made  of  4-duct  pipe,    ea^:!] 
duct  belnc  3^  Ins.  Inside  diameter,  the  i  ducts  beint  baked  tos^t^aes- 
In  one  piece  IS  las.  Ions.    First  a  trench  was  dug  2  f t  B  Ins.    iJaimi 
and  IS  Ins.  wide,  then  a  bed  of  concrete  4  Ins.  thick  was  laid  In    ttw 
trench.     Upon  Ihla  concrete  the  conduit  waa  laid,  every  Joint  ttelnv 
wrapped  with  a  strip  of  cheap  cotton  doth.     Then  concrete    waa 
packed  on  both  aides  of  the  conduit  and  4   Ins.  thick  over  Its    top. 
The  labor  coat  of   laylns  ttila   conduit,   not  lucludlnf  the   cost     of 
trenching  and  the  cost  of  maUns  and  placloc  the  concnte.  was   «« 
follows;     Two  men  laying  the  duct  pipe  and  one  helper  delivering 
pipe  from  pllea  along  the  sidewalk,  averaged  40  Ito.  ft.  of  4-duct 
conduit   laid   per   hour,   which   is   equivalent   to   IZO    ft   of   alnsle 
duct   per    hour.      With   wages    of    duct    layet*   at    10    eta.    eacli 
per  hour,  and  helper  at  15  Gt&  per  hour  the  cost  of  laying  waa  b 
trifle  leas  than  1  ct  per  Iln.  ft  of  4-duct  conduit,  or  )4  ct  per  ft  of 
single  duct 

In  laying  a  D-duct  conduit  (each  place  of  pipe  having  >  ducts 
Instead  of  4  aa  above),  two  men  laying  were  auppUed  with  pipe  by 
two  helper*.  This  gang  aveisxed  SO  Iln.  ft.  of  0-duct  conduit  per 
hour,  at  a  cost  of  2.3  cts.  per  Iln.  ft  of  conduit  or  K  ct  p«r  ft.  of 
single  duct  Prom  this  It  appeora  that  the  labor  cost  o(  laying 
the  pipe  Is  practically  the  same  per  duct-foot  whether  4-duct  or 
8-duct  conduit  la  laid. 

At  another  time,  one  man  laying  a  single  duct  line  (exclusive  of 
trenching  and  concreting)  averaged  68  Iln.  ft  per  hour,  at  a  cost 
of  a  trifle  leas  than  U  ct  per  ft.  The  work  In  alt  these  cases  was 
done  by  day  labor  tor  the  company. 

Cost  of  Vltrinsd  Conduits,  Memphis,  Tenn.— Mr.  F.  Q.  Prontl 
gives  the  following  data  on  electric  vltrlflsd  conduit  construction  at 
MemphlB.  Tenn.,  In  130S :  The  work  was  done  by  day  labor,  the 
wages  of  common  laborers   (negroes)  being  tl.BO  par  day.     There  i 

were  about  S.TOO  ft   of  trenches  containing  17  ducts,  and  T.IOB  ft  I 

of  trench  containing  18  ducts,  besldei  which  there  w«re  tIG  ft  of 
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"^treacb  contalnlnK  tron  (  to  tO  ducta,  maklns  fu  all  11.4TG  ft.  ol 

trencb  and  SGS.OOD  duct  feet.  An  IS-duct  conduit  was  made  up  ot 
'"-three  <-duct  secUona  (no  tingle  duct  sections  were  used),  each 
'^'-section  measuring  9x11  Ina.  sections  being  laid  one  on  top  of  the 
-"other.  The  ducts  were  surrounded  on  all  sides  with  concrete  3  la*. 
""•thlclc,    niaklnK  *    Ina.   of   concrete,    27    Ina.    of  duct*  and    SO   Ins.  Of 

backfill,  or  a  trench  GU  ft  deep  for  an  IS-duct  conduit  The 
i*''wldth  of  the  duct,  IS  Ina.,  plus  i  Ins.  (or  concrete,  gives  a  trench 
"■19  Ins.  wide,  or  about  8^  cu.  ft.  (less  than  U  cu.  yO.)  of  excavaUon 
Ilk  per  toot  ot  trench.  The  ZT-duct  conduit  was  made  up  of  4  multiple 
I  ducts  of  8  ducts  each,  and  one  multiple  ot  3  ducts,  laid  In  tiers, 
it;:ina.klnK  the  trench  1%  ft  deep  and  19  Ins.  wide,  or  aboot  9.4  cU.  ft 
i;iPer  foot  of  trench.    RouRhl?  speakinK,  all  the  trench  work  averaKed 

K  cu.  yd.  excavation  per  foot  of  trench.  All  t-duct  sections  were 
^..  3  ft  long,  and  all  3-duct  sections  were  2  ft  Ions. 
ai  The  executive  force  conalated  of  I  Keneral  foreman  at  tl  i  1  fore- 
(31  man  of  pipe  layers ;  1  foreman  of  concrete  mlxlnx  xang;  1  foreman 
gt  Id  charge  of  digglnB  for  manholes;  1  foreman  In  charge  ot  back- 
.1)1  Ailing  and  hauling  away,  and  1  timekeeper.  There  were  S  rneo  on 
is:  manhole*  and  service  boxes.  SO  men  trenching,  concreting  and  pipe 
«i  laying.  The  beat  day's  work  was  703  ft  of  trench  nnd  lS,t6S 
a'   duct- feet 

^'  In  laying  the  ducts,  the  S-ln.  concrete  t>ottom  was  drat  placed, 
>'  then  t  men  In  the  trench  laid  the  lower  tier  or  run,  S  men  on  the 
>'  bank  handling  the  sections  down  by  means  of  a  rope  run  through 
"*  one  of  the  holea  This  run  was  followed  by  a  similar  gang  of  4  men 
''  working  a  few  lengths  hack.  Three  dowel  pins  were  used  in  each 
''  section.  The  Joint  was  made  with  a  strip  of  cheap  canvas  6  Ins. 
<•  wide  by  E  ft  long  laid  on  the  tiottom  before  placing  the  ducta. 
*'  A  bor  followed  along,  wrapping  the  canvaa  over  the  top  }olnt  and 
'      painting  the  lap  with  ssphaltum.     To   cut  the  canvas  Into  strips 

a  table  was  made  with  a  saw  kerf  In  It  G  Ina  from  one  edge  and  at 

i'      this  edge  waa  a  strip  against  which  to  push  the  bolt  of  cloth.     A 

'      large  butcher  knife  was  then  run  through  the  saw  kerf  and  cloth, 

'      cutting  oft  a  strip  6  Ina  wide  and  the  length  of  the  bolt     This  strip 

*:      waa  wound  on  a   reel  whose   circumference  waa  G  ft,  and  a  cut 

through  the  cloth  at  the  circumference  made  strips  (  ft  long. 

The  concrete  was  mixed  with  "Dromedary"  mixers  costing  about 

f       tiOO  each.      A  "Dromedary"   mixer   holds  about    K    cu.  yd.  of  con- 

,,      crete,  and  is  hauled  by  two  horaea  in  tandem.     Half  the  charge  of 

,1      sand  Is  shoveled  In.  then  the  cement,  then  the  rest  of  the  sand,  and 

finally  the  stona     The  door  Is  closed  and  the  mixer  hauled  about 

,       IBO  ft  to  the  water  tank  and  from  fi  to  S  palls  of  water  are  thrown 

,       In.     It  the  OMicrete  must  be  rehandled  the  mixer  is  hauled  to  a 

I       dumping  board   S  ft.  wide  by  34  ft   long,  made  In  two   t  x  13-tt 
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The  cost  of  IG2,000  duct-tett.  laid  to  11.476  (t  of  tTen<A,  was  aa 
follows : 

JG4,E00  duet  feet   (1%   broken),  at  KM  Ct«.. . .  .|U.»97 

46  can  of  ducta  unloaded,  at  tT.60 si8 

Labor  trenchlnK,  tuckfllllng.  concreting  and  duct 

laying 7  745 

UaCerlalB   for    88^   cu.    yda    at  1  ;4 :8    concrete,* 

SZ  bricli  m'anliolea,t  at  jii6!*'.!;'!;;!!|;'!;";  a'ago 

■1  manhole  drains,!  at  188 a  gns 

48    Bfirvl™   boieml   at    {so Jslo 

4.J0O  Un.  yda  canvas  (S  ft.  wide),  at  B  eta 21 S 

6  bbls.  aiphalt  paint,  at  fiO lEO 

40,000  dowel  pfna  for  ducts,  at  rt  CL 200 

SiS'wWiir::;::::-::::;;:;;;:::;;;;::::;:::     'S 

Plumbers  repalrlnc  water  pipes 100 

New  sidewalks 890 

Repavlng  city  Mreeta 1,000 

City  Inspection 196 

Bnglneerlng    1 009 

ludldentBls   1,140 

252,000  duct  feet,  at  nearly  16  eta $40,000 

•Each  cubic  yard  Of  1:4:8  concrete  required  0.98  bbl.  (a  bU. 
belnR  counted  as  4  cu.  ft)  cement  at  tS.lO  per  bbl. ;  O.BS  cu.  yd.  of 
■and  a1  tl-2G  per  cu.  yd. ;  and  1.38  abort  tons  of  broken  limestone  at 
82  a  ton. 

tEach  manhole  waa  S-alded,  6  ft.  wide  by  7  ft  long  and  fA  ft 
deep,  Inside  m^^ure.  with  18-ln.  brick  walla  a  8>ln.  concrete  floor, 
and  a  12-ln.  concrete  top  reinforced  by  old  ralla  There  were  3,200 
bricks  In  each  manhole  at  JT.GO  per  M :  there  were  nearly  4  cu.  yd& 
Of  concrete  In  the  bottom  and  lop  at  fS.TG  per  cu.  yd.  for  materlala 
Hasona  were  paid  88  a  da;  and  helpers  82.  The  cost  of  excavatlna 
for  and  building  a  manhole  averaiied  about  840.  The  Iron  rails  cost 
%S.    The  cast-Iron  cover  for  each  manhole  welgbed  1,1G0  Iba  coatlns 

(Hanhole  drains  averaged  ITO  ft  long  of  6-ln.  sewer  pipe,  cost- 
inv  110  for  materials  and  178  for  labor. 

iService  boxes  contained  328  bricks  each,  and  were  t  ft  aauare 
Inside,  with  9-ln.  walls,  and  provided  with  cast-Iron  covers  like  the 
manhole  cover. 

The  designs  of  manholes,  methods  of  construction  and  other  de- 
tails as  to  this  work  are  given  In  Mayer's  "Telephone  Construction — 
Methods  and  Cost."  p.  243  et  seq. 

Cost  of  Brick  Manholes  for  Elsctrk  Conduits — Square  manholes 
were  built  with  brick  walls  12  Ina  thick.  The  bottom  of  the  man- 
hole was  concrete,  and  the  top  was  reinforced  concrete.  The  fol- 
lowing data  relate  only  to  the  t>rlck  work :  Slach  manhole  contained 
4.6  cu.  yds.  of  brick  masonry,  and  the  following  gang  averaged  1% 
days  to  each  manhole,  the  day  being  8  bra  long: 

2  maSDns,  at  83.00 t  8.00 

3  helpers,  at  81-GD 4.S0 

Total  per  day »10.50 

Therefore.  It  cost  818.3G  per  manhole  for  tbe  labor  on  the  brlA 
work,  which  la  equivalent  to  84  per  cU.  yd.  of  brick  masonry.  Maea 
each  manhole  contained  2,140  bricica,  each  mason  averaged  about  600 
bricks  laid  per  8-hr.  day,  Thia  waa  very  slow  work.  It  was  d<Hie  bj 
Say  labor  for  a  company.     See  Hayer's  "Telepbtme  Constmctloo — 
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HethodB  and   Cost"   tor   the  Oeaign,   methods   of   construction   and 
Itemlied  coats  of  aeveral  hundred  brick  and  concrete  vaults. 

Methods  and  Cost  of  Laying  Vitrified  Conduits  for  Electric 
Wire*.*— Considering  the  larse  amount  of  vitrifled  conduit  work 
that  iH  being  done,  there  la  surprisingly  little  In  print  on  the  cost 
Ot  laying  conduits  for  electric  wires.  In  our  Issue  ot  July  II  we 
gave  the  costs  of  excavation  and  of  concrete  work  on  the  Atlantic 
Ave.  subway  work  of  the  IiOnK  Island  R.  R.  The  concrete  retaining 
wbUb  of  that  subway  contained  many  thousand  feet  of  vltrlflod 
duct*,  and  we  give  herewith  some  data  bearing  upon  the  cost  of 
hauling  and  laying  the  ducts  for  the  electric  wires.  The  ducts  were 
of  standard  3-fL  length,  having  an  Inside  diameter  of  a<4  1ns. 
Uultlple  duct  conduits  were  laid,  being  for  the  most  part,  1-hole 

The  conduits  were  unloaded  from  hoots,  hauled  about  IH  miles, 
ajid  piled  up  ready  for  use.  The  cost  of  unloading,  hauling  and 
piling  was  O.S  ct  per  duct-(oot ;  and,  as  a,  duct-foot  weighs  about 
8  lbs.,  this  is  equivalent  to  tlSO  per  ton.  Laborers  received  IE  cts. 
an  hour,  team  and  driver  IS  eta. 

The  coat  of  laying  conduits  during  the  year  ol  1903  wae  as 
follows : 

Duct-fL  Labor.  Pay  Cost  per 

laid.  daya  rolL  duct  ft. 

January 1,942  10  t      15  0.8  ct. 

February 1,838  »  13  O.Sct. 

April    4,512  31  £5  1.2  ct. 

May 30,«53  1G1  26*  O.Sct. 

June 37,715  ZDB  3B7  0.9  cL 

July    37.893  170  288  1.0  cL 

August   15,293  SZ  142  0.»  cL 

September 14,170  83  108  O.Sct. 

October 10.037  43  74  0.7  ct 

Total 143,851  787  11.318  0.9  ct 

From  this  It  appears  that  the  cost  of  laying  was  a,  trifle  less  than 
1  ct  per  duct-foot  and  that  the  average  wages  were  |I.fi8  per  day 
of  10  hrs;  This  Is  the  average  of  the  common  laborers  delivering 
ducts  and  the  skilled  men  laying  ducts. 

It  required  150  bbla  of  PorUand  cement  to  lay  the  143,851  duct- 
feat,  or  1  bbl.  per  960  duct-feet 

During  the  year  of  1904,  there  were  227,800  duct-feet  laid,  re- 
quiring 240  bblB.  of  cement  and  975  days  labor.  The  average  wages 
paid  were  11.71  per  day,  and  the  average  cost  was  0.8  ct  per  duct- 
foot  for  laying.  During  the  best  month.  30,700  duct-feet  were  laid  at 
a.  cost  of  O.e  ct  per  duct-foot  for  laying,  which  Indicates  that  the 
workmen  were  not  very  etSdent  during  the  previous  months. 

In  our  February  lasue  wa  gave  the  Itemized  cost  of  building  a  sec- 
tion of  the  New  York  Subway,  and  from  that  article  we  have  ab- 

'Bnoineering-Contracting,  July  25,  1906. 
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fltracted  such  data  aa  pertain  to  conduit  coDitnictloa,  for  the 
purpoaea  oT  comparl«.n.  as  followa:  Porduct-fU 

Materials  '.'.'.'.'.'.".".*.".'.'.'.'.'.'.■.'.■.■.         '.'.         *.'.'.;;     5  eta. 

Total 6ct» 

The  oOBt  of  materiaJa  (or  123,483  duct-feet  In  the  New  York  Bub- 
way  were  b-b  f oUowb  ; 

123,(83  duct-ft.,  at  114  ctB. 16.668 

6,000  aq.  yds.  burlap,  at  <  "4  cla. 270 

275  bblB.  Portland  cement,  at  tl,S8 4a£ 

68  cu.  yda  sand,  at  f  O.SO 34 

13  sets  mandrels,  at  13 it 

Total,  IS 3.4 S3  duct-ft.,  at  6  cM. 16,321 

One  barrel  cement  was  uied  (or  every  HO  duct-feet. 

Aa  an  average  of  a  Isrse  amount  of  work  on  the  New  York  Sub- 
way, the  following  data  were  deduced:  100  duet-foet  require  0.12 
bbl.  cement,  0.0E6  cu,  yd.  sand  and  4.86  sq.  yds,  burlap.  The  con- 
dultj  used  were  4-hole  pieces  hi  2-ft.  lengtha.  9  Ins.  square.  buUt  up 
In  advance  of  the  concrete  aide  walls  which  ourraunded  them. 

On  another  aectlon  of  the  New  York  Subway  where  more  than 
600,000  duct-feet  wero  laid,  the  coat  of  the  labor  of  laying  was  1^ 
cts.  per  duct-foot.  And  on  atlU  another  aectlon,  where  CO.OOO 
duct-feet  were  laid,  the  cost  was  aa  high  aa  !14  cts.  per  duct-foot 
for  labor  ot  laying.  Thla  laat  appears  to  Indicate  an  bnaenae 
amount  of  loallns ;  although  the  New  York  Subway  work  b.1  be« 
was  poorly  managed  by  the  contractors. 

However,  the  wages  paid  on  the  New  York  Subway  work  were 
high,  being  15.20  per  8-hr.  day  for 'the  bricklayers  who  laid  the  ducta. 
We  are  Informed  that  the  men  who  handed  the  ducts  to  the  layers 
were  claaaed  as  "maaon'a  helpers,"  in  which  case  they  would  havo 
received  about  fS  a  day,  being  union  men.  But  In  the  Itemlied  Hat 
of  workera  and  wages  of  men  on  the  New  York  Subway.  Klven  in  our 
February  issue,  we  And  no  "mason's  helpers."  Thla  makes  It 
doubtful  whether  the  helpers  were  credited  aa  receiving  more  than 
tho  wages  of  common  laborers,  or  11.60  a  day. 

In  laying  the  ducts,  there  were  aometlmea  t  hetpere  to  1  brick- 
layer, sometimes  2  helpers  to  2  bricklayers.  II  was  the  duty  of  one 
of  the  helpers  to  prepare  the  muelln  sheets  that  were  wrapped 
around  the  Joints  of  the  ducts.  The  aheeta  wore  cut  Into  strips  S  1ns. 
wide  and  3K  ft,  long;  then  they  were  laid  on  boards  and  soaked 
with  neat  cement  grout,  using  a  whitewash  brush  for  the  purposa. 
This  helper  sometimes  passed  the  cemented  cloths  to  the  layer;  but 
sometimes  a  helper  passed  the  cemented  cloths  and  the  ducta  to  the- 

The  conduits  were  Uld  16  ducts  high,  usually  back  of  the  steel 
side  columns  and  against  the  waterproofed  4-la.  backing  wall  at 
brick  on  each  Bide  ol  the  subway.  The  duets  were  laid  to  break 
Joint,  with  a  cemented  cloth  around  each  Joint,  then  a.  little  mortar 
was  Blushed  in  to  smooth  up  the  line  of  ducts.  Uandrela  wer«  usad 
In  laying,  tho  mandrel  being  4  fL  long,  and  extending;  through  two 
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The  BpedQcatlona  for  this  L-ong  Island  R  B.  work  are  given  In 
Mayer's  'Talepbone  Constructlon^Mettioda  and  Cost,"  p.  2T8  eC  •e(^ 

Co*t  of  Pole  Unas,  Vitrified  Condulu,  Manholes,  Etc. — Refareneea. 
— A  complete  treatise  on  the  methoda  and  coat  of  telephone  line  con- 
struction, with  data  equally  applicable  to  electric  pon'cr  tr&namle- 
sloa  llnee,  Is  Irtayer'a  "Telephone  Construction — Methods  and  Coat" 
The  coat  data,  were  secured  from  work  aKeregBtlnB  50  mllea  of 
undOTBTOund  conduit,  and  the  pole  line  costs  cover  an  even  more 
extenalve  mlleaKe.  The  same  book  contains  other  almllar  data 
gatbered  by  Ur.  J.  C.  Slippy. 

Labor  Coat  of  an  Electric  Tranamlaalon  LIna. — In  Engineering- 
CoMTocUng,  Feb.  S,  1908,  two  pages  are  devoted  to  tlie  methads 
and  coat  of  constructlnK  a  ZO-mile  electric  power  Iransmlsalon  line. 
A  full  abstract  of  tho  same  is  given  In  Mayer's  "Telephone  Construc- 
tloD — Methods  and  Cost,"  p.  227  et  seq.  The  fallowing  ts  merely 
a  brief  aummary  of  the  labor  cost  per  mile  of  line : 

Hauling  poles f  18.7S 

DlBglnK   i*t  poles)   holes 45,47 

RalBlnK  Poles   36.47 

Dapping  crosaarms 14.14 

Hauling  and  placing  crossarnu  and  Insulators. .  21.1)1 

Labor  on  guy  poles 18.S8 

Trimming  trees  and  buahea 20.94 

Stringing  and  fastening  wires 74. OG 

Changing  old  polea 3B.31 

Total     t2S3.4S 

laborers  received  tl.GO;  linemen,  fl-GO ;  teanis,  t4.E0.  The  poles 
were  32  ft.  long,  set  6  ft.  deep.  There  were  two  crosaarms  to  a  pole, 
each  holding  g  plna ;  but  a  third  dap  was  made  In  each  pole  to  pro- 
vide for  a  future  crossann.     Twelve  wires  were  strung. 

Cost  of  Tranamlaalon  Line  for  interurban  Electric  Rallwa)^.* — 
The  (oUowlng  la  a  rather  brief  abstract  of  an  article  by  Mr.  G.  P. 
Roberta  and  Mr.  J.  C.  OlUette: 

The  following  data  on  overhead  line  construction  for  InterurtNUl 
«lectrla  railways  are  bued  on  actual  practice  and  on  the  average 
costs  of  a  large  number  of  lines  in  different  sections  of  the  United 
States.  The  elements  of  Interurban  electric  railway  overhead  line 
construction  are;  (1)  A  conductor  from  which  the  cars  take  elec- 
trical energy,  and  (2)  the  supporting  of  this  conductor,  which  may 
be  directly  by  brackets  or  by  crosa  spans,  which  In  turn  are  su|)- 
ported  by  polea  These  two  methods  of  conatnicttan  are  termed  re- 
spectively bracket  auspension  and  croas-suBpenslon.  The  trolley  wire 
may  be  supported  either  directly  from  Insulators  carried  by  the 
brackets  or  epan^  or  by  steel  cable,  which  In  turn  la  supported  by 
the  brackets  or  spans.  The  former  Is  the  old  and  standard  method 
of  trolley  construction  so  long  used  On  direct  current  lines,  while 
the  latter  Is  Iha  new  "catenary"  type  of  conatruetlon.  The  Work 
for  a  SOD-volt  direct  current  line  will  be  considered  flrst  and  then 
the  work  for  a  line  for  higher  voltage  alternating  or  direct  current 

•Snirtneerina-ConlrtKting,  Dec.  11,  1907. 
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Tha  coau  ubmltted  Are  probaWe  coats  bMwsan  IlmlU;  bat  evtn 
thou^  a.  tim-jimiim  limit  Is  Klveo,  the  actual  ooat  may  titnntlwWia 
•xceed  then  flBurea.  depondlns  oa  local  condltlona. 

Startlns  from   the   MairipolDt  of   the  chcainet   practicable   con- 
■tnictlon,  we  have  30-fL  poles.  >0  to  IIKI  ft.  T'-'ny,  and  bracket 
supports,  and  with  double  overhead  No,  000  trolley.     The  com  of 
such  coDMructlon  will  aproilmate  the  Qgurea  slvan  tiy  Table  IV. 
Tablb  IV. — Cost  Put  lliu  or  Beucest  CoNSTancrion  Sinols  TaAC$ 

600  V.  Two  No.  000  T80U.SI  Wius,  PoL>8  BbaCwd  100  f;T. 
PUty-threo   Zi-tt.   poles   in   place  ani)   framed. 

poles  delivered  on  ears  KOO  to  (8.00 * 

Pltty-three  brackets  In  place  with  flttlngB. . . 

Ears,  hangers,  etc.,  In  place 

Two   miles   No.    000    trolley   with    splicer^    i 

!0c-2Bo    

ErecthiK   same    

Siding  constructloD  pro  rated 

Curve  construction  1,600  tt.  additional  cost. . 

Five  anchors  

Two  hundred  ft  strand  for  guys 

Two  half  anchoraKcs 

I*gB,   clamps,  etc 

Per  cent  on  material   for  handllnK 


Add  for  II 


60.00 

76.00 

1,100.00 

i;<00.0) 

tI.06a.TE 

i:,T40.GO 

ISO.OO 
Total    IS.J60.7B         D.lSB.fO 

If  for  any  reason.  It  Is  decided  to  use  cross  suspcndon  Instead,  of 
bracket  construction  with  the  same  pole  Bpactng  and  sUe  of  trolley, 
then  the  approximate  cast  will  be  as  given  by  Table  V. 
Tablb  V. — Cost  Pbr  Milh  or  Spam  Conbthdciion  Sinolb  T>ack 

600  Volt  Two  No.  000  Thoi-lbi  Wires,  Poles  Bpacbi  100  Fi,- 
One  hundred  and  six  30-fl.  poles  In  place  and 

framed,  poles  delivered  on  cara  |4.00-IB.OO..|    850.00  |    9S0.0D 

Ears,   hangers,   etc.,   In  place 60.00  "^  " 


.100.00  1.400. 

1 00.00  ISO. 


Curve  construction,  additional  cost 15.00 

Five  anchors  8.B0 

Two  hundred  ft.  strand  for  anchor  guys i.3S 


I3.190.TE 

Llshtnlng  arresters 10.00 

_.T._w . — rated 76.00 

used   (poles  at  IS.OO  1 
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lil  'eaaa' bsnanlsslon  Wirea  arn'ratjUlred'fot  transtnlsaloD  of  elec- 
trtc  enersy  from  the  power  bouse'to  'OubBtatlonB,  such  tranamla- 
BloB-:trlraB',inay  be  placed  antlr«l7f-OD  ieriTaBa.rmB.  or  In  the  caae  of 
tliroB-phaoe  transialsalon,  twp  of  eui^  inlredrmiLy  be  on  one  tWO-plQ 
arm  and  the  third  wire  on  a.  ctp  pii.,th^  jLQ-p  of  the  pole  or  on  a 
bracket  efi  the.atde  of  the  pole.  0'  'couT>0.  the  pole  top  cannot  b« 
uMl-  U  a,  groulK]  wire  Is  located  at'sdch;  point.  The  cost  of  con- 
■trucUon  on  a .  thi:ee-phase  tranamtEsloD 'tine  will  approximate  the 
llKurea  jiven  by  Table  yi. 

TlBLa  VI. — CoBt  Per  Uiut  or  Bsackvt  Conbthoctioh  Sinqis  Traoic 
JbOO'Vout  Two  No.   DOO  Trollet  Wires,  Wixs  Spacid  100  F^. 

i-.-  -WtTB    TailEB    FHASB    33,000    .Vot.1    TEAHB MISSION    IJN>    ON 

'■_'■]         Tbolls?    I^ne    Poles,  1~Pin  -  Grbsbaru    and 
'i;-;;',  '    FoLB    Top   Pjir    CguwrnupTioN. 

FtftiMhree   SS-ft.   poles  In  place   and    framedi 
diolesdellvered  an.cars  at  16.00  to  tS.SO^.t.f    l&G.nn         t    aie  nn 

Eitrs,  .hangers,  etc.,  In  place >:" 

FMtyrthree  brcndceta  In  place  with  ettlnKs..,.     . 

Tw»  miles  No.    000   trolley    -with    splicer    at 
iOc-2ec    J 

Brecting  same ; 

BldbiKiConatructlon,  pro  rated ,  .'.- 

CiirvjB  construction  l.GOO  ft.  addilioiMl'icMlt.kUi 

Five    luichora i.  .t, ,,». 

Two  hundred  ft.  strand  for  guys 

Two  halt  anchorasea.^. , 

Las«  clamps;  etc.. ;....; 

Fllt?--UirQe  4  I  E  In.  X  4  ft.  4  In.  cross^rms, .  .-,■.        II. 

One  hundred  and  fifty-nine  S  x  IS-ln.  oak  pins 
parafi^nfd ; 

One  hundred  and  flfty-nlne  33,000  volt  porce- 
lain InmUatocs 

One  hundred  and  six  20  x  1)4  i  ^  In.  cross^rm' 


braces  galv.  . 


FlfWrthM*  14  Jt  4  1  „ 

Flfty-Biree  %  X  1 3  mch.  I 

Erecting  arms,  pins  and  Insulate 
ThrearaUaH  No.  2  copper'wlre  v 


Per 


itiiw  B 


.  material  for  haiidllnB. 


140. 


Total ; ■.■.-.$3, 

Add  for  trolley  Ushtnlng  protection > .  „ 

Add  for  transrnlsBlon  IlihtnInK  protection..,. 
Add  tor  telephone  system  pro  rated 

'        Total 13.233. 

If  'all  poles  are  anchored  add 

',        Total    13,301.76  t4,7tO.«t 

FYom  the  above  the  principal  unit  costs  of  the  cheapest  practicable 
character  of  Una  work  can  be  ascertained,  and  such  additions  must 
be  made  as  are  necessary  for  special  overhead  wotli  around  car 
shops,  and  in  connection  with  bridges,  cltj-'work  or  other  special 
conditions;  also  the  coat  of  copper  for  feeders  or  for  transmission 
mutt  1>e  .added  in  accordance  with  the  plan  decided  upon. 
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TablM  VII  ta  IX  ibow  the  avenge  cost  between  Ilmlti  o(  dUter< 
ent  types  of  catenary  construction. 
Tablb   VTI. — Cost    Ps«    Hilb   Sinolb    Track    S-PoniT   CiLTBNUr 

lEO-S*.  Pou  8PAC1NO,  t.tOt  Vow. 
at  3E-fi-  pclee  In  place  and  fnuned,  po)ei  taken 

at  18.00  tj  iB  DO  delWered |    110.00  t    4».H 

Sfl  bracketB  with  flttlnga,  fn  place UO.OO  UO.H 

e.2S0  ft.  No.  OfOO  trolley,  1,381  Iba,  at  tOo  t« 

iOc  perlb tTCOO  ■!».« 

E.IOO  n.   K-ln.  high  Mrength  ateel  raaBwncer 

cable   116.00  110.01 

10  meMenKBT  Insulatora It. 00  10.00 

38  spans  cateiiu.y  hangars 40.00  7t.«l 

G  anchors S.EO  ICft 

SOO  ft    %-ln.  h:i;h  strensth  strand  (or  guys..           S.iS  MO 

10  Eteady  b:  aces  Cor  curves lO.OO  10.00 

10  strain  Insulators 11.00  10.00 

Per  cent  on  mut3rlat  (or  handllnK.  etc. 100.00  ItO.OO 

labor  ercctlTiK  ci:rv.>  tnilley  1,GD0  (t.  additional        GO.OO  TE.OO 

Labor    erecting    catenary    tTDlley 180.00  tOO.SI 

i   half  anchorages 10,00  tS.Ot 

Siding  construction,  pro  rated lOO  00  110.00 

LiAg*,  clamps,  etc 10.00  It.ttO 

ti,7«a,7S  irsoslso 

Add   fgr  ItghtntTiK  arresters 10.00  «0.tO 

Add  for  Enlv.  wire  lightning  protection IGO.OO  tOO.DO 

Add  for  telephone  aysteoi,  «ro  rated 100.00  IGO.OO 

ll,012.TE  tt,TT3.G0 

If  all  poles  a-c  anchored  add 108.00  180.00 

If  brackets  n.e  Insulated 40.00  <0.O0 

Total tl,t70.TE  tioil4>« 

Table  VIII.     ':ost  Psa  Hiu  or  Donai,!  T«*c«  0-Point  CAiWMAaT, 

Ti      EH  Pols,  160-F*.  Pols  Spacino,  6,000  Volt. 
to  3B-ft.   t        -^  In  pl.ioe  Bind  fiHined,  poles  de- 

live''''             a  te.OO  to  tS.OO  each t    SIO.OO  t    4t0.l>« 

72  b'ar:.?tE        .1  fittings  tn  place 210.00  lOO.t* 

lO.SElO    IL    I    ..\iy.    C.7i4    lbs.,    at    iOc    to    tOo 

per  lb 1.S6(.00  1.TS8-M 

10,600  fL  ',a-..i.  high  str«ngth  steel  measenger 

cable I20.O0  380.00 

TZ  niQssengs-  Iisulators 30.00  00.00 

72  spans  catenary  hangar* SO.OO  144.0ft 

10  anchT-a 17,00  30.00 

300  ft.   ■'i-ln.  slrand  (or  guy 3.E0  4.00 

ao  Btca-ly  bracks  for  curve* 00,00  (0.0* 

30  strain  Insulators 2!.00  SO.OO 

10  30-tC.  pull-  IT  poles  in  place  and  framed....      100.00  ISO.OD 

Per  cent  for  handling  material,  etc.... 110.00  140.90 

I^bor  CT^e^llng  catenary  trolley 820,00  40D.M 

Idbor  erecting  curve  trolley.  3.000  fL  add. . . .       100.00  IBO.OO 

2  half  anchorages .*!!?  .SS-Jl 

Siding  construction,  pro  rated 200.00  tOO.OO 

X^oga,  clomps,  etc lO-OO  lE.M 

tt.2I4.E0  M.l>t.O* 

Add  (or  lightning  arresters 10,00  1».** 

Add  for  galv.  vHre  lightning  protection lEO.OO  4M.0* 

Add   for   telephone  line 100.00  160.«» 

Total   tl.S74,B0  t<.*<1.0» 
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Tmku  IX. — Cow  P«  Mb*  of  Dovbui  Tkm;k  »-Point  Catbhabt, 

1>0OBLa  Pou  Lnn,  IBO-F^.  SPAcnta,  8,(00  Volt. 
11  IG-ft  poles  (n  place  and  framad,  polea  at 

tt.OO  to  t8.GD  each  dellvarad  on  cars t    420.00  |    SflO.OO 

It  brackets  with  flttlnca  1b  placs 210.00  308,00 

10,1(0  ft.  No.  0000  trolley,   (.7(4  IbK,  at  10c 

to  l(e  per  lb. 1,SE2.00  l.TEtOO 

10,100  n.  %-tn.  high  strength  steal  meaaeiixer 

caMe (30.00  ISO.OO 

It  mesaenser  Insulators 30.00  60.00 

7t  qnns  e»X.   luuiKers 80.00  144.00 

10  anchors IT.oo  30.00 


10  stea$ 


-In.  strand  f     „ 

•0.00 


-. _.l    Insulators 22.00  lO.OO 

For  cent  tar  handling  material 130.00  IfiO.OO 

lAbor  erecting  2  mllea  catenaryconatmctlon. .  SSO.OO  400.00 

lAbor  erectine  1,000  ft  curve  oonstructlon  add  lOO.OO  lEO.OO 

1  double  tracti  halt  ancboraKCS 40.00  tO.OO 

Siding  conMructlOn   pro  rated tOO.OO  tOO.OO 

Liags,  clamp^  etc 10,00  20.00 

ta,444,S0  14.(1  (,00 

Add  for  HKhtnlne  proteettiifi 20.00  S40.DO 

Add  tor  RBlv.  inre  Hghtnins  protection 150.00  400.00 

Add  for  tSsphone  line 100.00  lEO.OO 

t3.T14.B0  IS, 408. 00 

It  all  poles  are  anchored 21S.00  3(0.00 

If  alllinGkets  are  Insulated 80.00  120.00 

Total   14,010,60  15.836.00 

In  deddtnff  whether  the  pole  Mne  tor  double  track  shall  be  a 
dooMe  Dole  line  or  a  center  pole  line,  the  character  of  the  Kradlng 
on  the  right-of-way  will  have  to  ba  taken  Into  constderatlon.  It 
an  In  the  lllddle  West,  the  country  la  craotlcally  level  and  no  ex- 
pensive cuts  or  flits  are  reonlred,  possibly  the  alngle  pote  coostruc- 
tlini  will  Aow  ft  MVlng  'oter  the  doable  pole :  however,  whers 
thers  are  expensive  (Ills  and  eats,  the  double  pole  construction  win 
show  a  savins'  over  the  single  pole,  not  In  Itself,  but  In  the  fact 
that  the  roadbed  will  not  have  to  bs  as  wide  as  for  the  single  pole 


Bstimatlna  tbs  Herse  Power  «f  Contractors'  Engines  and  Boilers.* 
— The  stie  dt  an  engine  l«  usually  expressed  In  terms  of  the  diam- 
eter of  the  cylinder  bore  by  the  length  of  the  piston  stroke.  In  a 
(  X  8  engine,  the  cylinder  has  a  bore  of  (  Ina  and  the  piston  has  a 
stroke  of  8  Ina  This  stroke  Is,  ol  course,  lust  twice  the  length  ot 
the  "throw"  Of  the  crank'  arm.  Bear  In  mlpd,  therefore,  that  the 
"else  of  cylinder"  as  given  In  catalogues  la  the  bore  of  the  cylinder 
by  the  etrafce  ot  the  piston,  and  not  by  the  full  length  of  the 
cylinder. 

If  a  contractor's  engine  Is  designed  t«  have  a  piston  speed  of  SDO 
ft,  per  minute,  and  Is  nslog  Meam  with  a  boiler  pressure  of  100  lbs., 
it  la  an  easy  matter  to  deduce  a  very  simple  rule  for  eetlniBtIng  the 
horsepower  of  the  engine.     The  following  rule  Is  precisely  correct 
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When  the  product  of  the  itlat<M  fipeeir,  br  thi  mean  ettectlT«'pniMiiif« 
by  tho  mechanical  efSeieocy  Is  •qual  to  1,460  i  wid  -thla  !•  onllnarUr 
the  cam  with  contractors' . engines  bavlog  cylinders. of  8  Ins.. or  moM 


Rule.-  To  atctrlain  the  hor*f])MB«r  •q'lMrs  flu  ftors  of  th«  «lflM- 
dffT  on*  dlvlfto  bv  four. 

Thui,  If  the  engine  Is  E  x  8.  we  tuve  ft  cylinder  bore  of  S.  Hence. 
squaring  8  we  have  81,  and  dividing  by  4  we  get  It,  which  la  the 
horsepower.     This  la  the  aotual  delivered,  or  b.rake,  horsepower.   .;. 

For  smaller  engines,  whose  piston  speeds  are  usually  InM  It^tS 
safe  to  divide  the  square  of  the  bore  by  flva  Inttead  of  by  foo^.'  A. 
txt  engine  would,  therefore,  have  7  horsepowef.,  "' 

If  the  engine  has  two  cylinders  (duplex),  of  course  the  horsepower 
is  twice  that  of  a  slng^ti  eylltii|er, 

A  boiler  Is  usually  estimated  to  give  one' ^oriapgwer  for,  ever/ 
ID  sq.  ft.  of  heating  surface.  Hence  the  horsepower  of  a  vcrtloal 
tubular  boiler  Is  found  thus; 

Bute:  Divida  the  total  keatfnii  mrftutt  of  tJta  lubes  and  (bra  tun 
(expremed  in  tiptara  /Mt^  by  tn,  osd-.MiS.^ntotlsiit.ls  ths  .fconss- 

The  square  foot  heating  surface  of  a  tube  Isqiilcklr  calculated  by 
multiplying  the  length  of  the  tube  In  feet  by  0.2S  and  then  multi- 
plying by  the  outside  diameter  of  the  tube  tti'lnches,  Stace  tubes 
are  ordinarily  £  tna,  the  total  heating  surface  of  the  tubas  Is  found 
by  multiplying  the  number  of  tubes  by  their  length  tn  feet  by  O.EI ; 
or,  for  all  practical  purpose^  lafts  half  tfe«  product  of  tfte  number  of 
tuhta  by  lAs  Im^th  •&t  tube  (Kfeet.'  To  this  tnattng  surbiM  of  the 
tubes  must  be  added  the  lieath^  hirfacfe  of  the  firsboi,  which  Is 
ascertained  thus:  Hilltlply-  ths' circumference  of  tbe  flrebox  In'  fast 
by  Its  height  abovs  the  grate  bi  luat  and  add  tlM  square  foot  «ma  of 
the  lower  flue  sheet     ■  •   \  ■  ... 

The  diameter  of  the  firebox  or  fumaoe  Is  asutaiy  -4-  ta  6  laa.  {Ma 
than  the  outside  dlamel«r  bf 'the. boiler.'  The  beight  at  the  firebox 
Is  usually  S  to  2^  ft  '  ■'■  ■  •     ■ 

The  amount  of  coal'  required-  for  a  eohtraotai's  boiler  Is  about 
G  lbs.  per  horsepower  per  hour,  or  60  lbs.  per  horaapower  per  dsy  of 
10  hours.  Nearly  one  "saUon-of  water  will  b<t  'reiitilrsd  for  each 
pound  of  cosl  About'S^  IbsL  of  dry  wood  «r«  ecraal-to  1  lb.  cool, 
or  2  cords  of  wood  squall  ton  of  coal.  .  ■       ■-     

Cost  o(  Cutting  Cord  Wood.*— Frequently'K  oontrkator  must  tr- 
ure  on  using  wood  for  fuet.  In  which  case  It  is  desirable  that  be  know 
the  cost  of  cutting  ofld  piling  cord  wood.-  nie  'following - averags 
record  relates  to  worK  done  In  tbe  sutte  of  Wsshtngtoik  under  the 
direction  of  one  of  the  editors  of  this  Journal,  The  work  Involved 
the  felling  of  the  trees,  which  were  fir.  sawing  them  Into  cordwood 
lengths  (1  ft.),  splitting  and  filing'-  Axnwn  wermtfed  1  cords  per 
10-hour  day.  but  an  extra  gted  woodman  wtU'T«adltr  average  1 
cords  per  day.  With  wag«s  at  ti.GO,  a  boi4  of  wood  cost  tl.lt 
ready  for  hauling. 
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A  cord  measurea  ISS  cu.  ft,,  ot  vrhlch  about  eb%  la  aolld  wood, 
the  remaining  se%  beliiK  the  voids  or  Kpwxa  between  the  attck^ 
Waahlnxton  flr  when  green  weltfia  about  S.G  lbs.  per  tt.  B.  U.,  and 
About  I.a  IbB.  when  dry.  Hence  a  cord  of  green  flr  weighs  about 
3,200  IbB.,  or  1.1  tons,  which  la  a  good  wacon  load  on  most  roada. 
About  10  cords  la  the  ordinary  carload. 

The  dally  vapma  o(  Sept  17  contained  an  Associated  Press  dis- 
patch from  which  we  have  abstracted  the  tollowlnK  record  of  wood 
chopping  OD  a  wager.  A  Vermont  woodsman  undertook  to  cut 
down,  chop  up,  split  and  pile  E  cords  of  baiwwood  between  sumiae 
and  sunset.  He  did  It.  with  nearly  an  hour  and  a  half  to  spare,  for 
he  had  completed  his  work  In  10  hour^  and  had  half  a  cord  of  un- 
piled  wood  left  over.  The  trees  ranged  In  length  from  flO  to  70  ft. 
and  were  9  to  II  Ina  diameter  at  the  butt  At  the  end  of  t  hra  and 
40  mtna  he  had  felled  IS  trees  and  had  chopped  and  split  3^ 
cords.    It  took  him  about  2  hra.  and  40  mlna  to  pile  the  G  cords. 

This  record  la  said  to  be  the  best  ever  made.  Tt  Is  Interesting  to 
note  that  this  man's  output  was  about  double  what  ts  regarded  as  a, 
good  day's  work,  and.  In  this  respect,  the  record  bears  out  the  gen- 
eralisation that  a  man  can  perform  on  a  wager  about  double  tiM 
physical  worit  that  he  Is  accustomed  to  do  day  In  and  day  oat 


Abutment    Isea   al*o  pile)..  9?2 

Add.  DnLihW  walk  with. .  Hi 

reiDovlus   e(llor«>c«Dce 

with    fl" 

waBhlnx  stone  wltb...  617 

Adse,    price 1388 

AlT  compreoaor Itl 

Allardyce    procesa 12«i 

Alum,     price S31,  631,  ItS 

Alumina    aulphate.    price 7SS 

Angle    turn    12a3 

Annuity    tables 13 

Anvil,   price IBS* 

'  Appraisal,  see  Valuation. 

Aqueduct,  timber SB6 

Ash    pit WSi,  1325 

Ashes,    weight 1T«2,  1795 

Ashlar,  see  Stone  Masonry. 
Asphalt,    price 184,  SM,  3M 

m.     lit,     414,     417,    420. 

430.  833,  768,   770,   139S. 
Asphalt  block  navement.344.  JSO 

Asphalt  macadam Hi 

Asphalt  pavement,  price . 


,.^.._..4D0.    424,     426,  428 
■peclllc    gravity 429 

Asphalt    reservoir   lining.         '" 

Asphalt 

Asphalt 

Asphalllc  oil.  see  Boad  oil. 


..3»7,  4 IS 


tie 


with. 


Backfill,  see  "Earth  excava- 
tion, backflll." 
Backing,  see  Tunnel  Lining, 
Ballast 1242,  1813,  J32E.  1354 

S ravel     1266,  137K 
fe    o(    221 

rock    218,    221,  1368 

Band    stand 630 

Barn    1127 


Base,  see  Concre 
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Belt,  price 311,226 

iilds,     making 41 

unbalanced  60 

BltuUtblc    340,  41* 

spedflc    gravity 4£B 

Black  powder,  see  Powder. 
Blast,  chamber 257 

stumps   1047 

Btlndi,    window 1090 

Blocks,     concrete 1171 

concrete    sewer 1120 

pulley    1391 

Board   meaaure 94G,  950 

Boiler    216,  281, 

741,    1298,   1445,  1608 


Bolts,     track.. 


Bran,  price 408 

Brick,  gravity  conveyor  [or.  3S1 

laying     769,  1094 

in   aaphalt 833,  1391 

price 334.    739.   833.  847 

removing  tar  from 867  - 


unloading.. ..353.    769,1158 

weight    358,  1094 

Brick  Masonry,   buildings,.. 

10B4,  IIBS 

casing   of    Htandplpc. 


ortar     required . . 


ling 766 

■ewer.. ..»>,.  M7,  8S1,  854. 

857.     862,    E63.    866.    881, 

896.    399.   906. 

slope    paving 13t 

subway     1391 

tunnel 528.  1187.  1233. 


Pase 

Brick    pavement 

excavatliiK    

JolntB    of 

prices. .!!!!!  [jiVp'sM,"; 

314,     3(7,     KO,  S». 

Brick   sidewalk 

Bridge,    Section   XII 1 

abutment. .e>l,    131Z,  i; 

ITOZ. 
aoctiorage   o(   suspen- 

area  of  eteel  nurtace. .IfiJT 
srct),  steel. .14SS.  1G41,  lEgJ 

Brcxiklyn    l'  — 

caisson  (see  also  Cals- 

caDtllev4r!!i4S2."im'lMi 

City  Island Ifi77 

comblTiEiUon    1  ^39 

coDcrete   IfilT  to  1S9« 

draw 11TS,   1480.    1481, 

14B3.      14$!l,      14  SS,      IE  04. 

1&2S,      lS3a,      1S3T,      1540. 

1B77. 
falflework..9;2,    1493,    14K, 

1501,      15D6.      151B.      1$31, 

1G32,  1633.  IE3G.  15S0. 
foundations. .1E&,    488.    E09. 

E8S.     G91.     1506    to    1030, 

1646.  1102, 

Praaer    River 1539 

htBhwa7...1471,    1478.    1539 
Howe  tru=s.  .S70.  971.  US8, 

137G.  lEOG.  1533,  1E2S. 

Hudson    Memorial li... 

life    of   steel 1487,  14S3 

lite  of  t—' — 

*n        moving" '.".'.'.'.' .'.'.'.iVssrino 

J  painting,  se^  Painting;. 

X  Bier,    see  Bridge  foun- 

dation, also  Con- 
crete, also  Stone 
Mas  amy. 

plate    girder 14T1.    IBOS, 

■'"     ■"■1,   1527. 


rail    . 


Walnut    Lane 165! 

Washington    IBS3 

Williamsburg     1544 

weight  of  steel 14TI 

Broken  Stone,  see  Macadam. 

Bucket,  price ISS2.  1398.  1353 


Ps«e 

Butldtogs,    Section    X 10«» 

camp   g(3 

concrete. .1072,    107*,    1084, 
1104.      IIOS.      I  lis,      1153 
1162,    1183,    U65. 
cubic  feet  of 1070 


per  cent  of  cost  itema.I0e9 

power    1417 

railway    1)03,  IIIJ, 


.,1171, 


..1970 

Building  paper '. .'.1093 

Burlap,  price Ijs8 

BuniettUIng   (67.  136» 

Burnt  ctay  road jjg 

Brush    mattress I02g - 

Cable, 


price 


...1408,  1408 
718 

""*" YlO,-  B78-- 313:- ■■■"*•'"■ 

moving    678,814 

Cable    mltway nog 

Caisson. ...988,    1646,    1806,    1(13. 
IHIB     IBIS     ilsn       •    "'•■ 


174S. 


-■•; 313 

',  1139,  1328.  1GI8, 


Canal,    Chicago joT 

lock,    see  Lock. 

Candles,     price i«n 

Canthook,    price 1898 

CapB,    price as» 

Car  (lee  also  EtjuIpmeDt) . .  itif. 


box 


.  »M 


.  379 


1446,  1463. 

passenger   1464 

repairs     t....n.  1466 

Car   mile 1457 

Car     shop 1147 

Carbons     [  (tg 

Card    process g^o,  IMJ 

Carting  (see  also  Haullngl.  Hi 

Cast  Inro  pipe,  prices 878 

.Cast  iron  stairway 1733 

Catcb    basin,    cleaning 986 

price    371 

Cattle    guard 1818,  1)64 

Celling   iM« 
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Cement,  amount  Id  eonorete  US 

amount  la  mortar —  ESS 


DnishinB  lurface  of...  6^8 

haodllns     BS6 

nianufacturlng    EM 

atorlnir   GI4 

'""—  , 79S 


unloadl:  _     

weight    Mtt 

Cement    blocks m 

Cement    curb Ut,  4H 

Csment   fcutter 451 

Cement   Unad   pipe 67S 

Cement  pipe... .US,  9>T,  MS,  RSI 
Cement    walk..  "•  *-  "" 


I  for.. 


Cemera   491,  77s,  84B 

Ceaapool    110 

Chain,    price ISM 

Chamber   blaat. »7 

Chart,     cost 107 

Chimney,  brick  (aea  Stack) 

741,   1019,   140E 

ChlMl,    price lasg 

Clndera,    (crsuDlnK 1S21 

weight    1SZ2 

Cinder-Clay    road *27 

Cinder    pit 1161 

ClamaheU IBS,    SSS,    1161,  1S25 

.  128 


Clearing  and  gruhblng. . 
1045.  ll03,  1123, 
lS7e. 


Coal,  price »4,  407,  417 

unloadtag    1825 

Coaling    station 1161 

Compound  Interest S 

Compressor    1668 

Concrete,    Section   Vl 6S0 

abutment     (see     Concrete 

bridge  foundation). 
•--   bHdgo.1672 


384,  386,  390,  392,  400,'  4i<i 


IGl],      1620,      1GS1,      1697, 
1699.      1S02.      "" 


Concrete,  CoDfd. 


cleaning  with  add.. 


dam 688,   680,  690,  B92 


680,  68  J,  749,  7TB,  TT«, 
777,  T81,  792,  1166,  IIM. 
1162,  11 70,  1684,  1677. 
1680,  1704. 

forUDcaUon    667 

foundation     (aee     also 
Concrete      bridge 

foundation)     SOS 

groined   arches 74B 

Items  of  cost 78 

"land  mixing..  — 


hand  . 

Jock    . 


.   670 


manhole   __. 

materials   required 6S6 

mii<T.     gravity. .  .663,  1403 
mUer,    price 680.683 


pile,    Raymond 634 

rolled     at 

Simplex   6t7 

pipe    628,    918,  1710 

pipe    culvert 1710 

pole    696 

ramming 667,    574,    670, 

774,   906. 
reinforcement,    see    Steel- 
work reinforcement, 
reservoir  llntng. . .  .766,  771 


retaining   wall 677,  1701 

rolling     658 

sand   required 639 


stabs    64S 

standpipe     730 

steel  reinforcement, 
aee  Steelwork  reln- 
fon:ement. 

stone    required 639 

street  railway  founda- 
tion      1426 

subaqueous    6SS,    T91, 

1621.   1681. 

subway.. 1390,    1403,  1708 


18M  im 
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Sylvester     7S( 

tamiilns.  see  Coocrete 
rantinlDK. 

tank     GI7 

tar    11« 

trestle     1S6B,  IfiSfi 

tunnel  Vniag.  ...UST,  1201, 
132G,    1332,    1ZS7. 

vault    ass 

viaduct     1S8S 

water   required S4(,  M7 

walerproaQnc        <■  •  e 
Wa  terprooang) . 
Conduit,  aee  alao  Sewer. 

Conduit,    brick 714 

concrete    71t 

electric     1S»1 

vitrified   ...1»S,   1I>8,  1S» 

Contlncencles    it,  ItH 

Contractors'  plant,  see   Plant 

Converter    UU 

Copper  wire,  price I«0 

Cord     183 

Corflwood,   see   Wood. 

Corduroy     SIO 

Corrugated   steel 11T4 

Coat   Charts 107 

Cost   keeping 87 

Coat.  Bchedule  of  Hems 41 

Ciane,    mail IMS 

CreoHOtlng SGS,    Ml.  12E> 

Creosoted  ties,  see  Ties, 
Creoaoted   wood   block,    see 
Wood     block     pave- 

Crib,       see       "Tlmberworlt 

crib." 
Cross  ties,  see  Ties. 
Crushed  rock,  see  Stone. 
Cruiher,     Kymtory ,.-  *|J 

prlce.'.V.'.ii'fi,"  Ml] '  680,  BSl 
repalni..Z13,    2U,    Hi,   IZB, 
12S. 

cast  Iron    pipe 278,   2K9, 

ISO.   1712. 

cement    pipe 1710 

concretcim  to  17(ffi.  ITIO 
corrugated    Iron ...  171B 

gtOTte".'.'.'.'.'.'.'.'.'.'.'.*»i,  1709 

timber    877 

vlcrlfled  pipe  (see  also 

Sewer    plpe)....ST8,  1T», 

280.    1308. 
Curb.  Bee  also  Cement  curb- 
resetting    460 

■tone    iSt.  4I>S 

Cyclopean       masonry,        see 

Rtone   Hssonry.    see 

Rubble  Concrete. 
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Dam,    Boonton 6M,  GM 

concrete. .GS8,  BBl,  GIO,  MS 

crib    ", B04,  »78 

earth    78S,  791 

Hemet     B8> 

rock-nil    SIS 

rock    ezcav.    for 20C 

Spier    Falls    BSB 

499,  BIO,  TOO. 

Day   labor  system SB,     67 

Depot     nil,  ISEI 

Depreciation     7M.  1317 

(ormulas    34,  IB,  SI 

Derrick,    price.  ...SIS,  llOt.  1SSS 

work  with 300.  GIO,  GSI. 

«L7.  1499.  IMS,  1B77.  ISOl 

1018.  lo-ji,  ms. 

Diamond,    price m 

Diamond  drill,  price 211 

Diamond     drlUtng 12S 

Diary,    (oreman'a 100 

Dike     1043 

Dinkey     13S,  G04 

Ditch,    see  also   Trench. 

Ditch   work 141 

Ditcher    861 

Dock    .: 1114 

pile     1681 

Docking,     pile 1008 

Dolly,     tlmlier 9SG,  1S91 

Dome.    Bteel 1]7> 

Doors    1090 

Drafting,    steel   work. .1174,  I71I 

Dru    scraper IIS 

DraTn,    tile 1798 

Drainage,  ditch  work 141 

Dmwlngs.    shfv 1174.  ITtt 

Dredging   74S 

Driver,  see  Pile  Driver. 

Drill,    Cainc I4S 

pneumatic    plug    (see 
also    Pneumatic 

hammer)     1M4.  1S9S 

price    31B.  123.  IStS 

repairs 190,  333.  338 

well    148 

Drilllnr  (see  also   Boring). .1385 

air    ISS 

diamond     318 

hand     184.  1199 

lost    time    191 

plug   holes    492 

■pacing    holes 203 

speed     194 

Steam    190 

Ducts,   see  Conduit. 

Dump  car 118.  1*3 

Dust,   preventing 294 

Dynamite,  price 311.  213,  32*. 

»5,    :SS.   ST4.    IISI,    1311. 
1339.  1S9S.   144G. 
Earth,    kinds., 
measurer 
weight 


Bbrth  Bzcavatlon,  Section  II  li> 
backflU        (Ree       &l» 

Trench) 140,  508,   E7G, 

gfiS,  TS3,  sea,  IMS,  1U7. 

bnclnK    195 

'    calHsoQ,  Bee  CbImoq. 

culvert    1704 

dam    614 

dike    EH 

niter    740 

tQundatJoti    507.  IdK, 

1509,      1684,      1592,      1504, 

1G03.   1E34.  IBOT. 

liKTrowInK    701 

tiydrauUc...a04.    SSO,    10S9, 

1GB9. 

lock    67B 

manhole     S3G 

orange   peel   bucket. . -SIS, 

S52. 

pole    hole* 1004.  ITSS 

price    178.  337.  iM 

pumpiDK 804,    880,    1020, 

15SS. 
railway... .1178,  1304,  1306, 

1311,      1323,      1364.      135T, 

1306,      1874,      1375,      1414, 

1416. 

reservoir   779,  791,  79B 

river    bank 1038 

rolllDK'  '.'.'.'.'.'.'.'.'.'■.■.■.■.■■,  791 
Bcraper    (power). .848,  861, 

spreading 791 

eprlnkllng   701 

■Ireet 390,    80!.  14IE 

■ubway  ....13SS.  mo,  1899 
trench,  see  Trench. 

Gconomlier.    fuel 741,  1444 

Efflorescence,    removal 087 

Eiffel    Tower 1719 

Ejector,     send 561 

Electric    conduits,    s«e   Con- 

Electric    machinery.    lite 797 

Electric    power    plant,    «ee 

Power  plant. 
Blectrlc   railway,    see    Rail- 
Electric    transmission    line. .1835 

Elevating  grader 13| 

Elevator,   grain IITX 

Engine     (see    also    liocomo- 

horiepower     1839 

lite    797 

price    115,  1279,  1280 

Engine    roundhouse 1147 

Engineering.    Section   XIV..  1745 

bridge    ....1405,1511,1642, 

1™3.  ,.,,, 

charges    (or 1745 


■X.  1847 

Engineering,  Cont'd.  Pag* 

deSnltlon     £ 

drantng 1174 

filter.... 7ST,    188,   789.    T4B, 

741. 
raUway. .  .1189,    1201,   1801. 
IBOS,      1308.      1311,      1331. 
1180.    1408. 

reservoir     174* 

road    2m 

shop   drawings 1711 

tunnel    I»8,  113S 

viaduct    1018 

Equipment  (see  also  Cbr)..992, 
1188.  I19G,  1310,  ISH, 
1311,  1320,  1333,  18E4. 
1378.  1456.  14E4. 
depreciation  of... 21,  1195, 
1483. 

Estimates    41,    4T 

Excavation,  see  Earth  Ex- 
see  BmK 
1 1  o  n,  see 


net. 

Exciter     144^ 

Expanded    metal.  .,279.  722,  182S 
ExplOBlves    (Bee   also   Dyna- 
mite, see  Powder) . .  20t 
Factory    building,     see    Mill 

building. 
Falsework   (see  alao  Bridge 

talsework) 971,  1491 

Farm  drain,   see  Drain. 

Farming    1810 

Feed,  Bee  Horse. 

Felt    <38,  1092,  1399 

Fence    1417.  177» 

poet     690,  965 

Ferrofiiclave     1004 

Filler,  see  Pitch,  see  Tar. 

PlUer    73« 

mechanical    763,  764 

sewage     938 

FlreprooQng,   tll« 1102 

FlaggUlg     179,  352 

Floor    1086,1087 

tar    CO. 
Ule    .. 

Flush  tani".'.'.V... ..........   02E 

Flushing,    street 409.  47S 

wagon     409 

Food,  men  (see  also  Ra- 
tions)      1748 

Foremen,     instructions 01 

Forms,   see  Concrete  forms. 

Fortlflcatlon    work 68T 

Foundation,  see  Bridge 
foundation,  see  Con- 
crete base,  see  Earth 


Presno  seniper l-.-.--,I3? 

Frog     1163,  1*74 

Fuel  Bee  Boiler,  see  Cool, 
see  Wood. 

Furnace,    price ' 13S9 

PuseB,   price S2S 

Gallon     ZSI 

Gene   plow ^Ifl 

OarGa^   dl«powl 1TS3 

welKht     1782,  ITBB 

Ou  pipe isoa 

Ouolbie,   price.,. 16M 

Gate,    price 61S 

Generator     H4B 

QenemI    expense 4B 

Going  value TSS 

Grader,     elevatlnc 13S,  370 

Gndlnr.  nee  Qarth  Excava- 
tion,  see   Rock   Ki' 

Grain    elevator" 117J 

Granite,  see  Stone  Block, 
see  Stone  Masonry, 
see  Hock  Excava- 
tion. 

GraTel,    voids    173 

washlnic    1371 

Gravel    road S31 

Gnivel    roof 1093 

Gravity    mixer 603 

Grindstone,    price 1399 

Grout    367.363 

Grul)l>lnK .  (see   also    Clear- 

&E)    79»,  lOtE.  ISTS 

Guard  rafl,  pries 378,  173 

Gutter,  cement 4B1 

cobble    370,  352 

Hair,  price H03 

Hammer,    price 1300 

Handcar  house .1131 

Harbor  pier B8S 

Haul,    defined    131 

HaullDK  (see  also  Horse)..  114, 
203,  270. 

locomotive    136 

machinery    1017 

time   card 100 

tiacting    engine 1020 

unlU   of 80 

Hay,    price 408.  IBOS 

raising    ISIO 

Hlshway  bridge,  aee  Bridge. 

Hod,    price 1>0» 

n  arses  (see  also  Team), 
driving     with     Jerk 

line 1818 

maintenance     1807 

shipping    1817 

Hone,    air 1308,1390 

Howe  truss,  see  Bridge, 
Howe  truss. 

Hydrant,    life 707 

maintenance    703 

placing    609,  031 

price     671 
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Hydraulic  jack,  price.  .1191.  1194 

Ice,     boring 1778 

Ice    house lilt.  1146 

Iron,  see  Steel. 
Iron  plpt  see  Pipe, 

Iron  woi%   (se«  Steel) rlS70 

Kerosene,    price 1CI4 

Key    letters IS 

Jack,    hydraulic 1193 

Jute    (see   also    Oakum,    see 

Tarn),  price.6T0,  076,  8*4 

Lantern,    price 139) 

I«th     no* 

"Lead,"    defined 121 

Iiead.  price 049,   6G0,  010,  <T«. 

1330. 

LevGler.  or  spreader tn 

Ufe.    see   Depreciation,   see 
structure    In     ques- 
tion. 
lAMd,  see  Hauling. 

Lock,   canal ttL  fill,  G70,  M) 

Locomotive  (see  abo  Equip- 
ment)..1176.    t4fiG,    I4CS, 

dinky' ISS 

handling   .1400 

repairs    I4U 

tMg    crib 9T4 

Log    culvert 370 

Logs,    driving ...1061 

Logging    railway 1290 

Lowry   process 963 

Lumber  (see  also  Timber). 

making   SGI 

quantity    in    a    build- 
ing     1MB 

Macadam  (see  also  Crush- 
ing, see  Quarrying, 
see  Bock  excava- 
tion), cost  Bummaiy  MO 

maintenance     MS 

materials   required....  306 
prices... 117,   1T1,    342,    3M, 
3G1. 

resurfacing    183 

scarifying   IM 

Machine    (see    also    Plant), 

lite  of II 

when    repairs    Justify 

when  to  retire  an  old.    10 

which  to  select 11 

Mall    crane 1130 

Management,    laws   of 60 

Mandrel,    price 130* 

Manhole  (Me  also  Vault)..  831, 

836,    166.     012,    318,    KS. 

930,  1832, 

Manure,   weight I7K 

Masonry,   see  Concrete,   >•• 

Stone  Masonry. 

Materiaia,  repon  on 101 

Mattress,    brash lOM 

" —"a  of 73,    U 


M«ter.  ■««  W«ter  Mettr. 

MUl  bulldlnK....lOTS,  1161,  USi. 

ins. 

Ulle     163 

railway    128T 

MlDsrsl   wogl 1822 

UlBcellaueoua     Cost     Data^ 

Beetlon    XV 1T7» 

Uortar    (aea  alio   Concrete, 

see  Stone  Masonry).  480, 

lost. 

cemeot     required ESS 

■and   required ti3 

water  required US 

Mixer,    see    Concrete    mixer. 
Mold,  see  Concrele  forms. 

Nails,   price T16.  1634 

Oakum,      price      (see      also 

Jute)     1548.  IfiOa 

Oatl,    price 408,  1808 

nlsluK    1810 

Office    bulIiQnB IITI 

Oil.     price 216,  1614 

road,     price 806.  807 

Oiled    road    302 

Oiled    suits 127S 

Orange  peel 816,   8fi3 

Packlne.   see  Tunnel  llnlnr. 

Pall,     price 1389 

Fhlnt     1G4S,  1637 

brush    1638 

cement  1T43 

life    78S 

PalntlnK....6£8.   1116,  1141.  1368, 
1824. 
brldRe....lE04,    ISOS,    1S28, 
tS8S.      1E68,      1624,      16  3T 
10  1848. 

Bteel      720,  1719,  1743 

viaduct    1624.  1626 

Paper,    building 1002 

Pasaei.Ker   <Ar,   see   Car. 

PasBenger    station 1111,  1176 

Pavement.   Section   rv 288 

asptialt,  see  Asphalt, 
base.      see      Concrete 

brick,  "see  Brick  pave- 

macedam,      see      Ma- 

removlnir,      see      Con- 
creto  excavation. 

stone  block,  see  Stone 
block. 

wood  block,  see  Wood 
block. 
Paving,   see  Slope  wall. 
FavlDK  pitch,   see   Pitch. 

Perch,    defined 182 

Petrollthle    115.  321 

Piece  rate   system 110 

Pier,     see     Bridge    touoda- 

barbor    BS3,  lis 


Pick,   price 

Picking  earth.. 
Piles,  ^btaist^ng. 


Jetting  down.. 611,  820,  828, 

SBO. 

making    898 

pulling 1010,    1014.   1017, 

162?  1TI>. 
■awing    off.. 708,  1012,  1011 
sheet.. 963,  1007.  1016,  1E18, 

1670.  1696,  16T6. 

steel 1724,    1T»,  1718 

test    1017 

.970,  971 


weitfit _ 

Pile  driver.. S94,  1000,  1006.  1026, 

1G30,   1877,   1730,  1716. 
Piling 972,   876.  994,  988,  1876, 

1626.      IS  31.      1d32,      1E86, 

1638,      1E«1,      1671,      1604. 

1616.      1628.      1663,      1667. 
concrete.. 610,  624.  624.  (27 

Pipe,   cast   Iran,   lite 79* 

loading    8B0 

Price     848.  670.  171J 

weight     648 

cement     6ZB 

cement   lined 619 

cleaning  6)8 


dipping  In  tar. , 


laying  under  i 


-.786.  797.  800.  801 


screw  "loll 


.  679 


terra  cotta,  see  Bewer 
Pipe, 

thawing  water 701 

wood    716,  791 

wrought    Iron 67S,  1802, 

1804. 
Pitch  (see  also  Tar),  price.  368, 
363.    366.     374,     S7E,    688. 
1092,  1106,   1648. 

Plank   road 991 

Plant  expense 41 

plant,    repairs tit 

Plaster   1101 

cement. ..767,  77J,  777,  781 

or  Paris 1102 

Plow,  gang 816 

Flowing   122,    820,  1816 

traction    engine 1819 

Plug  hole  drilling ;.;.;-■..*»> 


cubic    ooateata 9G1 

nolea    i78g 

Prtcs    ]«o 

trolley    1437 

weight 


PorUand    cement'  bm'  *  Ce- 

ment. 
FDwder     (see     also     Dyna- 

^,         mlM)    26«,  IS 

gloetl,    lnd«acliig 


Power,   electrlc'*cari'.i'*''".14Sl 
pbuit. .  '.'.'.'uii,'  im, '  mo, 

1444.  144T. 
Puaaie 788,  794.  1688.  1588 


Punch  card. ..','..,,' .' '    gs 

Quarrying    (see    alio    Rock 

fiacavBtlon) . . ..tlO,    4S2, 
4M.    MI,    508,    B21,     628, 

9ulcluand.'.6G4.'8SB,  848,  SEl,  890 

Rack  Railway ,141J 

nammlng.       se^      CoDcrete 
rammlncr. 

Rail    bender 1274 

trace    J274 

choir 1374 

Ralto,    life 146».  1481 

loading    1242 

price   279,  1239 

relaying-    1248 

unloading    1348 

welding    1419,  1413 

RallltiB,    hand 1719 

Railway,   Section  XI 11TS 

appraisal    1291 

brldgea,    see    Srldgea. 

cable     1405 

C.   M.   &    SI.   P 1SS3 

cost  In  America 1388 

electric. . , .  1414,'  'iVls',"  1438, 
1440.   178S,   im. 

elevated     137B,  1451 

employes   1466 

en  gl  nee  ring,  see  Engl- 


Palrhaven    Southern.  .1808 
Great  Northern.  .1303,  1393 

Income    1468 

logging    I29D 

Michigan    lUG,  1348 


Railway,  Confd.  F^ga 

•nil*   HOT 

mining    iig» 

Minnesota   m& 

Northern  PacUcUU.  ISU 

operaUng    calds 1407 

openuing    etocmc.....l4H, 

operating  elevated. ...IITI 

operating    Meaun I«S3 

O.  R  *V llai 

rack   liij 

■ervloe    mt 

B.   P.   «  N. 1307 

■treet.  see  "Railway, 
electric."  aee  Sub- 
way. 

•urveys    I7i« 

Texaa   i3G4 

trestle,  see  TreMIe. 
underground,  see  Sub- 
Washington    . . .  .1891,  1174 

Waah.  i  G,  N UDS 

Wisconsin    ]J33,  ISK 

gat'o"".----- 1740,  J7» 

Hea  lead,  price jgij 

Reinforced      concrete,      aee 

Reinforcement,      see      Steel 
work    relnforcemenL 
Repairs,  growth  of  annual,,     tl 
Boservolr.  asphalt  lining....  7M 

brick    Ifnlng 7M 

capacity  and   price....  778 

concrete     lining 788 

covered,  eee  Reservoir 

earth     731 

roof    (Bee   alBo   Filter 

„  ""Of) 775.    790.  »T7 

Retaining     wall 50fl,  E77,  170* 

Biprap. . .  .279.  634,  7gg.  973.  981. 
BS4.  985,  1374,  1588,   IGSS, 

River  bank  protection lOM 

Riveting,      see     "Steelwork, 
rtveUng," 

Rock,  hauling   loj 

loading   187 

BpeclHc  gravity X78 

weight    1(7 

Rock     crushing     (see     also 

CrusheiO    680 

Rock      excavation.      Section 

^1^ 171 

foundation    ■?..!!.'!  !!.'i6M 

measurement  181 

Price     (78.  1£) 

TBllway 1306.    1SG4.  1IT4 

steam    shovel 3gi.  101 

Bubaqueoua  3B7 

subway    1984,  ilH 

"S",,."'-  •"■  "•■  •* 
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RoUar.  BM  at«uu  toiler....  271 

aiphalt   8» 

BoUlng    concrete t5g 

earth    IM,  TBI 

■tone    171 

RoIUdk     Kock,     F<e     EQUlp- 

BoUlDg  tamper  SIS 

Road,  Section  IV iiS 

draKKlng    S30 

duBt    laying 114 

Kiadlng        (see       alio 

Earth    eicava.) lit 

macadam  (aee  Macad- 


olIlDB   t05, 

PetroUtblc   S16. 

plant  for  bniuiVnB 


Dlter.  Bee 

pain  tins   • 


Rubber  packing,  price 

Rubble  <eee  also  Stone  ma- 
Bubble  concrete 687.  5)0. 


Sueplng  proceaa K9, 


JBt      . 


t  In  mortar S38 


volda     C42.  f 

waehlns   fi50,  7GS.  1 

Sand  alter,  aee  Filter. 

Band-clay   road 323.! 

Ba«,  crosB-cut 1! 

Bawing;    953,  i 

Bctles 222.    1274,  li 

Smrifylng    ?!*■,' 


ScreenlnKB 
Bsctlon   houi-_ 
Septic    tank. . 


IX.  1861 

page 
Sewar,  Section  TtH 801 

brick    .'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.  SIR 
cement    plpe..MT,  MS,  931 

concrete 899 

cleaning    «4.  Hi 

fluBblng    .^  143 

manhole,  see  Manhole, 
pipe. ...178.    817,    BIB,    810, 

861,  864,  B«B,  926. 
tunnel. .8U,    SSI,    8ST,    S9S, 

Shacka    1119 

Shaft    876.878,1118 

Sheet  pfia,  aea  Pile. 
Sheeting,  se«  Trenob  abeet- 
Ing, 

Shield  S82,  887 

Shlnglee   IBS* 

Shop,  blackamlch 1127 

car   U47 

machinery  146S 

i^llwoy   1S61 

Shoring,  see  9r«neh  In«g1os. 

Shovel,   price. 4 ltS> 

Shoveling  112 

Shruba  1064 

Hide  track 12(1 

Sidewalk,  brick 131 

SiiUng    ]0U 

Signal  plant 1287 

Signs  1113,  isei 

Sinking   fund,   dlagrama....  701 

Slate   roof 1  !'!''!'!ll)M 

Slip    Bcraper , lis 

Slope  wall E17,  TS9,   TSS,  1030, 

1037.   1044. 

Smoke  lack ii4a,  1274 

Smoke  stack  (aee  also  Chim- 
ney)     222.  1720 

Snow  fence  1286.  1361 

Snov    plow 143!) 

Snow    Bhed 128S 

Soap,   price $31 

Bod   1822 

Sounding    17TS 

Spreader,  atone ITO 

Sprinkling,  earth 123 

macadam  271 

roads  and  Btreeta 457 

wagon,   price 115 

Square"!'-!"!.;!!!"'!!";!!  2S4 
Stack,  see  Smoke  stack. 

Stalra     1081,  lOSI 

brick  caalng 127 

etc  720 

797 

-- 726 

Station,  see  Depot. 

Steam    roller 21G,  271,  1S4 

Steam  shovel 114 

work    101,  304,  1167 


SMtfwotk,  SMthm  xm.....mi 

BiTdse)    IWS,   1471, 

1188,  IKt.  1G7E. 

InidM   ahop 149S 

buiimiin...i074,  11B2,  ina 

derated   ry. 137* 

lock    676 

pUlnK 17M 

rtlDiorclDc   concrete . . .  b*i, 

lit,    SOG,    BOi,    a  14.    >i7r- 

918,  llOE,  1108,  11E8,  II  SO. 

iiai,    lies.    ie».    i6ts, 

ISSfl.    1704.  1822. 
rtvetlng....lS94,  1389,  1619, 

16Ee,    UlS.  1717. 

etanilplpe  — 7X5,  Tit 

•Ubway 1311,    1134,1119 

tsnk  and  tower 7tS 

Bteal.  clMnlDK 174! 

corrugated  117* 

expanded    metal. .M9,  1101 

lath    .,.'*.".'!;.'I'"^*"^H01 
ratli,  see  Bftlls. 
reinforcing.. .61S,    620,911. 

11«S. 

ties  1*" 

twisted  bars 6iS 

unloading.. 1497,  1409,  160S, 

1S8S,  168T. 
welsht  In  bulldlnKe.-.llTI 

wire  tobric 911 

Stock  yard J!« 

Stoker,  price 741,  1444,  144( 

Stone,  see  Rock. 

eruBhinB-    (eee   Cruah- 

CutUns  and   dreHlng.  .4SG, 

487.  H4.  1100,   1541,  1681. 

169^,      1694,      1E97,      Ull. 

1707. 

hand    breaking........  m 

hauling   W.  27« 

loading  197,  M7 

■awlns    488 

■eUlement  "9 

■lies    or    broken 183 

SDreadlnjr £49 

unloading.. lS91.    1E97.  1907 

voids   171 

welsbt    

Stone   curb *S< 

Stone    dust,    price.. 409,  414,  416, 

417.   420. 
Stone  maionn'.  Section  V...  4TB 

aBhlar    "M,  I6T4 

brtdKe  ftnchoni«e 166*, 

16T8. 

bridge,    arch 49i,  1IE4, 

1858. 

ISK,  "IKST     

.1596.      1811,    1813,      1813. 
cleanlnK  with  add.ItT,  esT 


Stone  Mtout'iaeir,  Ceatd.        Pace 

cul\...^  ITW,  17« 

damr    "m  W.  4M,  U*.  79« 

dry  wtnil. Ttt 

encaxnAl/iK  -61S,  1W4.  1591 

laylngx *" 

lock  ..TV tlS 

iiilKelUn(Kiiu...l49S,    UtI. 
1641,  15SJ. 

mortar    4t0 

pointing   ttt 

retBlning     wall GM 

riprap,  sea  Riprap, 
rubble  (see  also  Rub- 
ble   coilCn)te)...50I,  10t» 

aewer  foundation 844 

■lope   wall,    aee    Slope 

tunnsl   Itn 

Stone  block  pavement.  .IT>.  141. 
3S2,   1*8,    978,  410. 

dreoslnK  -oM   878 

excavaQng    178 

Stop   cock   box TO) 

Store  keeper,   report IM 

Btreeta,  Section  V. 858 

clnantriK   4G9 

■pnakltng    -1ST 

work,  prices Kt 

Street  railway,  see  Railway. 
Structural  steel  eee  Steel. 

Stump,    auger t04S 

blasting   IMS 

grubbing,     aee    Grub- 
bing. 

puller IMi 

Subway  (see  aleo  Conduit). 

Berlin    IMI 

concrete   1701 

Long  Island  119* 

New   Tork.......lJ84.  IIST 

Sub-contrscts   80 

Sulu,   oiled 18** 

Saperlntendence    IS 

Superintendents,         Inetiuc- 

SurfaclDg    (see    also    Track 

surfacing)   184 

SwltCb....tS4S.   IIGI,    1SG4,   t8Hk 

stand' UBS,  1114 

Switchboard  1441 

Survey,  charges 1741 

hydrogmphlc ITIS 

leveling    ITTI 

railway    .1748 

topographic     ITIT 

trlangulatlon   1778 

Sweeping  machine,   life 4T4 

Sweeping  street 45) 

Bylvasler.  waterprooflng.tSl,  T8G 

System,  Ollbreth'e n 

Tamping  (ece  also  Concrete 

mmmlng)    )M 

Tamping  roller 811 


TBnk.  concret* fliT 

■teel  126 

track   ..,.1277 

w&ter  ttt.  1211 

wooden     729 

Tar  (sea  also  Pitch). 

price SOB,  378,  (98,  1032, 

Tsr    concrete....' J62,  1108 

Tar    fe[t.    waterproofing «32 

Tar  paper GS4,  sai,  1092,  IIK, 

1608. 

Turing    Joints SE8,  376 

macadam    296,  109 

Team  (eee  also  Hauling,  eee 
Horses), 
defined    1 

Telesraph    line  .'.'.'.','.','.1864,'  1S8S 

ortce   l"' 

Telephone   line 1 

TbI(0i5°  ?..'.','.'.','.',;.'.'i79,"m'  262 

Telpher   lOCl 

Terra    cotta llDt 

Test  holea HI 

TtaawInB-  water  pipe 703 

Thermit    1418 

Tile  drains  1796 

Tile    flreproollng .....1102 

TImbenrork,   Section  XX Mi 

bridge  deck 1<9«,   1497, 

IGOO,      1601.      1603,      1506. 

1E08,      lElO.     1E29,      1624, 

1G26. 

buildlnBB    ...S84,  lOSE,  1113 

calBaon....9S6,    1E4E,    1606, 

lftl2,  1616,  1«18. 
centers.. 749,  776,  1682,  1707 
cotlerdam      (see      also 
ColTerdam)     ...1G79,  1E87 

cord  wood 1S40 

crib G7G,    974,    1G33,  1616 

crib    dam (i04,  978 

culvert    977 

erectlnK   982 

ratHework..l49i.  149E,  1501, 
1604,  1E19,  1E31,  1G32, 
1G33.    1G36,    1G(0. 

forms GG3.  G72.  580,  GS3, 

11G6,      II  BO,      1162,      1177, 
1880,      1704. 
framing    962 

Srlllago  1S72 
auUng  983 

Howe         truss,         see 
"Bridge.  Howe  truss 
loading   963 

reservoir  roof .'.'.'.'. '.MO,  977 

BCDW     1608 

sheet  piling 1613,  1698 

sheeting 796,    802,    806, 

831,  850,  S67,  1402. 

snow  fence IMS 

snow    shed I 


186. 

iberwork.  Cont'd.  Page 

.588,  888,  loot,  1GS2 
[unuui  anlng.  ...1196,  1139, 
1201.  1210,  1221,  1380. 

Timber,   creosotlng 961 

growing    tie 126J 

life     164.  1283 

manufacturing    951 

treating    9M,  1Z5R 

unloading    1160 

weight     961 

Tie 1253,  1267 

aschalllc  oil  treatment  962 

creosotlng   961 

life  864,  1288 

making  1276 

price    1266 

replacing   1266 

nncing   1185 

steel  1427 

treating    9«o,  1259 

Tie   plate 1242,  U76 

Time    card 114 

Time    keeping 91 

Timing  work 118 

Ton  !!."!l!!!!."!!!."!!!!!!  2(4 

Tool  box   893 

Tool    house 1111,  1132 

Torch    1399 

Tower,     Eiffel 1718 

Track  laying.. ..1240,  1349,  1303. 
1306,  1364,  1375,  1377, 
1380,  1405,  1414,  1416. 
1416,  1438. 

Track    materials 1374 

Track    scales I2i4 

Track    surfacing 1248 

Track    tank 1277 

Traction    engine 134,  1819 

Train    mile 1456 

service    1241 

stopping     1468 

Tramway    1062 

Transformer    144S 

Transmission     line 144S 

Transportation       (see       also 

Hauling)    80 

Traveler,  bridge.. 1496,  1499,  1602, 

1663.    1623,    1626. 
Trestle    (see    also    Timber- 
work) 866.    1291,    1323, 

1364,   1663,  1966. 

concrete    1865,1686 

life    964 

pile 970,  971,  1002 

wagon   road 970,  1001 

Trolley  pole,   see   Pole. 
Trolley  road,  see  Railway. 

Truck,   timber 13» 

Truss,  see  Bridge. 
Treatlns,  see  Timber  treat- 
Trees,     planting 1068 


16H  im 

Fmce 

TMneh   «C»,  SOI.  ITBg 

Iackfl]l..l40.   Bie.  817,   811, 
K3S,  S3T,  B4S,  84T,  8G6,  S5S, 

sao. 

braclnB         (aee        kIso 

Trench  aheetlnKJ-SOO,  S30 
excavator    ...S51.  804,  1802 

machine    80E,  871 

pumping.  .U4,  848.  SB4,  85! 

lock 207,   8ES.  SE8,  81S 

aewer    782 

■heetlng.  .801,  80E,  831.  850, 
SET,    140!. 

water   pipe \802 

TliniM)..lt80  to  1239.  1813,  1323, 
ISM.  1361,   1I7E. 

Alaska  Central 1303 

Busir    120T 

Cucade    HOT 

Mount  Wood 119J 

MuLLan     1381 

Peeksklll    UOI 

Raton     1216 

Stampede    1 1 81 

■ewer..,.8tG,  869,  881,  887, 
898,  886. 

Tunnel  llntnc 528,   1181,   1186, 

1199.      1201,      12  lU.      1226, 
J  ISO,      1232,      1237,      1289. 
Turnout,  see  Switch. 

Turntable  1278.  13SE 

Value,   Boing:   concern.... 89.  798 

Valuation,    commercial 40 

physical   3S 

Valve  659 

Vault     6S9,  693,  1408 

Viaduct   concrete 1686 

Harent   '.'.'.'.'.'.'.'.'.'.'.'.'.'.\\tll 

painting  iE4i 

PecoB 1830 

steel    1S20 

Umber  Bfls 

VIm    1889 

VltrlBed    aewer,    aea    B««er 

PiPA. 


Volde,    vnivel ,  lU 

nnd    S4S 

■tone   171 

Wa<ea SU.  1TT> 

WaKon    !m.  SIB 

WalnscOttnK     IOCS 

Walk      (see     alao     Cement 
walk). 

asphalt   4» 

Wash  boring,  see  Boring. 

Waahing  gravel IITI 

■and  6E0 

Waste,    price IIS,  1614 

Water,     Mftenlng TtS 

jet  ....:*!!!;!:;;;;.■"!  sa 

meter. ...797,    687,    689,  690 

pipe,  see  Pipe. 

■tation 729.    11T4,    1314, 

tank    ■ 72« 

Waterpn>oang..63I,  638.  TS5,  TSt, 
7S«,  an.  ISOJ. 

Waterworks,  SeeUon  VII HI 

aiipialsal   7M 

depreciation   <4| 

operating    Ml 

ayatema    64S 

Well 140,  166,  IJS,  TM 

Well  drill. .166.  146.  IGl,  15S.  S6E 

Wellbouse  procem tST 

Wharf   1)14,1861 

Wheelbarrow   114,  ISn 

Wheelsciaper  121,  tit 

Willows;  aee  Brush. 

Window   lOH 

Wire,    price 16« 

telegraph    189 

Wood,    cutllTiK IMO 

price 407,  411.  417,  1061. 

ItIO,   1130. 
Wood  block  iiBVement..342,  S44, 
362,  181.   1680. 

life    M7 

removing    ttS 

Wood    pipe 716 

7am,  price 671,871 


ADVERTISEMENTS 


The  Cube's  Fundamental  Principle 

b  Mixing  by  Incorponitiim  Uoder  Presnre 


No  other  form  of  mlxlnv  drum  gives  this  principle  in 
its  perfection,  SomewilHold  the  batch  like  the  cube,  some 
will  give  it  alternate  changes  of  shape,  but  none  will  fold 
it  to  the  right  4  times,  to  the  left  4  times  and  forward  4 
times,  changing  its  shape  by  pressure  8  times  every  revo- 

No  other  form  of  mixer  subjects  the  entire  batch  to 
each  motion.  All  mixers  with  inside  disintegrators  act  on 
the  batch  piecemeal.  The  fundamental  principle  of  their 
operation  is  mixing  "by  tearing  apart  and  throwing  to- 
gether," which  is  absolutely  different  from  the  kneading 
action  of  the  cube  and  vastly  inferior  as  a  mixing  action. 

The  mixing  acHon  of  the  cube  is  that  of  the  expert 
cement  tester  in  mixing  cement  paste  for  test  briquettes. 
Cement  testers  have  tried  "shakers"  and  "stirrers"  in- 
numerable but  none  gave  the  same  perfect  result  as  knead- 
ing the  paste.  Kneading  is  the  fundamental  principle 
of  mixing  a  pasty  matenal.  It  is  the  prlncifrie  of  the 
Austin  Cube  Mixer. 

AUSTIN  CUBE  MIXER  COMPANY, 

Railway  Exchange,  Chicago,  IlL 
Ac*<ili  wanted  Id  naoccnpkd  (errltory,  Smd  lor  CaWocM  No.  M 


HIGH  EXPLOSIVES 

Dynamite,  Gelatin  Dynamite,  Semi-Gelatin,  Blast- 
ing Gelatin,  Red  Cross  Low  Freezing  Dynamite. 
TW  "PuBiuM*  EtplMim"  bt  Gumm  a  Dutj  CmI  Wm* 
Monobel  Meteor  The  Carbonites 

Du  Pont  Blasting  Powder 

The  result  of  108  years'  experience 

Wrtta  for  DaKrliMiTa  Cat>latiiH 

E.  I.  dn  Pont  il«  Nemom  Powikr  Conqtur 


ROCK 
DRILLS 

AND 

ROCK 

EXCAVATING 

MACHINERY 


Every  important  piece  of  en- 
gineering-contracting since 
1871  has  been  carried  to  a 
successful  issue  by  the  aid 
of  IngersoH-Rand  contract- 
ors' machinery. 

In  the  list  of  products  op- 
posite, every  iidvanced  type 
of  cost -reducing  contract 
equipment  will  be  found, 
and  each  line  is  bac'ied  by 
the  guarantees  of  the  oldest, 
largest  and  most  responsible 
builders  of  air  power  ma- 
chinery in  the  wor'.d. 

Profit-earning  contractors' 
equipment  means  "Inger- 
soil- Rand  equipment." 
Pamphlets  on  any  line  will 
be  sent  on  request. 


COMPRESSORS 

A  Thousand  Sl>«« 

ROCK  DRILLS 

"LIUM  Ql»nt'* 

CHANNELERS 

"Mon(tor"-Tr»ok 
'■Bron«ho"  Bar 

HAMMER  DRILLS 

"Impartal" 


AIR  TOOLS 

AIR  HOISTS 
PILE  DRIVERS 


INGERSOLL-RAND  CO. 


NEW  YORK 

Offlaaa  In  all  tha  Prinolpml  CItlas  of  tl 


LONDON 

I  Worid. 


642  "2,2 
31850 _ 


1 


■JslBf  I 


LIBRARY 
E0FEN6R. 
\LL  AVENUE 
53706 


